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ABSTRACT
Objective To identify the effects of preprocedural
signiﬁcant mitral regurgitation (MR) and change in
MR severity upon mortality after transcatheter aortic
valve implantation (TAVI) using the Edwards SAPIEN
system.
Methods A retrospective analysis of 316 consecutive
patients undergoing TAVI for aortic stenosis at a
single centre in the UK between March 2008 and
January 2013. Patients were stratiﬁed into two groups
according to severity of MR: ≥grade 3 were classed
as signiﬁcant and ≤grade 2 were non-signiﬁcant.
Change in MR severity was assessed by comparison
of baseline and 30-day echocardiograms.
Results 60 patients had signiﬁcant MR prior to TAVI
(19.0%). These patients were of higher perioperative
risk (logistic EuroScore 28.7±16.6% vs 20.3±10.7%,
p=0.004) and were more dyspnoeic (New York Heart
Association class IV 20.0% vs 7.4%, p=0.014).
Patients with signiﬁcant preprocedural MR displayed
greater 12-month and cumulative mortality (28.3% vs
20.2%, log-rank p=0.024). Signiﬁcant MR was
independently associated with mortality (HR 4.94
(95% CI 2.07 to 11.8), p<0.001). Of the 60 patients
with signiﬁcant MR only 47.1% had grade 3–4 MR
at 30 days ( p<0.001). Patients in whom MR improved
had lower mortality than those in whom it
deteriorated (log-rank p=0.05).
Conclusions Signiﬁcant MR is frequently seen in
patients undergoing TAVI and is independently
associated with increased all-cause mortality.
Yet almost half also exhibit signiﬁcant improvements
in MR severity. Those who improve have better
outcomes, and future work could focus upon
identifying factors independently associated with such
an improvement.

INTRODUCTION
Transcatheter aortic valve implantation (TAVI) to
treat severe, calciﬁc aortic stenosis (AS) has been
shown to be both feasible and beneﬁcial in those at
prohibitive or high risk for surgical aortic valve
replacement (sAVR) risk.1 2
Previous surgical series have frequently identiﬁed
mitral regurgitation (MR) in association with AS.3–5
Combined surgical intervention is associated with
increased mortality and morbidity.4–6 Current guidelines therefore suggest careful multidisciplinary evaluation and that, in the absence of morphological

abnormalities, surgery for non-severe MR is not
required, as relief of left ventricular pressure by sAVR
resolves matters. There is no speciﬁc guidance regarding the management of more signiﬁcant MR and the
authors recognised the lack of data in the ﬁeld.7
The issue of how to approach combined AS and
MR prior to TAVI is complicated by the lack of a
feasible technique for combined intervention.
There has been discord in observational assessments of the effects of signiﬁcant MR upon
outcome after TAVI using both balloon-expandable
and self-expanding systems.8–15 We sought to identify the prognostic impact of both signiﬁcant MR
and change in MR severity in patients undergoing
TAVI using the balloon-expandable Edwards
SAPIEN/SAPIEN XT bioprosthesis.

METHODS
We performed a retrospective analysis of 316 consecutive, successful implantations of the Edwards
bioprosthesis at St. Thomas’ Hospital, London,
from March 2008 to January 2013. Multimodality
assessments were performed as previously
described and cases reviewed at a multidisciplinary
team meeting.16 TAVI was performed using transfemoral, transapical or transaortic routes.
Patients were prospectively enrolled onto a dedicated database of patient demographics, characteristics, procedural results and long-term outcome.
MR was graded by either transthoracic or transoesophageal echocardiography. As per current guidelines, this involved assessment of valve morphology,
colour Doppler and continuous-wave Doppler of
the regurgitant jet, vena contracta width, upstream
venous ﬂow, regurgitant volume and effective
oriﬁce area (where available).17 All scans were performed by British Society of Echocardiography
accredited echocardiographers with ﬁnal adjudication by a consultant cardiologist specialising in
cardiac imaging. MR was deemed ‘signiﬁcant’ if
moderate or severe (≥grade 3). Mortality data were
obtained from the Ofﬁce of National Statistics, UK.
Data analysis was performed using SPSS V.21.0
(IBM Corp., New York, USA) and PRISM V.6
(Graphpad Software, California, USA). Survival
curves were created using the Kaplan–Meier
method. Univariate Cox proportionate hazards
modelling was performed using an unadjusted
model for each covariate, and we then constructed
a multivariate model using a forward elimination
method and entry criteria of p≤0.05.
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We analysed 316 patients who underwent TAVI for severe AS
using either the Edwards SAPIEN or SAPIEN XT bioprostheses.
In total, 60/316 (19.0%) patients were identiﬁed as having
moderate-to-severe MR. Baseline characteristics are summarised
in table 1. Patients with signiﬁcant MR had higher perioperative
risk according to logistic EuroScore (28.7±16.6% vs 20.3
±10.7%, p=0.004) and Society of Thoracic Surgeons (STS)
score (7.7±3.7 vs 5.7±3.1, p<0.001). They also had more
severe dyspnoea (New York Heart Association IV in 20.0% vs
7.4%, p=0.014), poorer LVEF (44.0±14.6% vs 50.4±11.8%,
p=0.004) and more frequent signiﬁcant (≥grade 3) aortic or tricuspid regurgitation (TR) (28.3% vs 12.1% ( p=0.046) and
28.3% vs 8.9% ( p<0.001), respectively).

Procedural outcomes
Procedural success was 100% in both groups. Efﬁcacy of the
TAVI regardless of MR was manifest by the improvement in
peak transaortic gradient at follow-up (ﬁgure 1). Patients with
signiﬁcant preprocedural MR had higher rates of postprocedural
haemoﬁltration (18.3% vs 7.0%, p=0.006), although there was
no difference in length of intensive care stay (3.5±6.8 days vs
3.2±10.2 days, p=0.840).

Mortality
Kaplan–Meier analysis revealed that patients with signiﬁcant
preprocedural MR had higher all-cause mortality (28.3% vs
20.2% at 12 months) and signiﬁcantly divergent mortality plots
(log-rank p=0.023) (see ﬁgure 2A). Patients in whom MR deteriorated had a poorer outcome than those with an improvement

No significant
MR
n=256

Significant
MR
n=60

p Value

81.8±8.9
57.8% (148)
11.3% (29)
21.5% (55)
19.0% (48)
39.5% (101)
20.3±10.7
5.7±3.1

83.2±7.4
55.0% (33)
18.3% (11)
23.4% (14)
30.0% (18)
41.7% (25)
28.7±16.6
7.7±3.7

0.288
0.692
0.142
0.952
0.060
0.753
0.004
<0.001

2.3% (6)
29.7% (76)
60.5% (155)
7.4% (19)
50.4±11.8
72.0±23.7
0.68±0.24
12.1% (31)
9.0% (23)

5.0% (3)
21.1% (13)
53.3% (32)
20.0% (12)
44.0±14.6
72.0±54.6
0.69±0.30
28.3% (16)
28.4% (17)

0.014

0.004
0.995
0.749
0.046
<0.001

57.0±22.2

52.5±20.7

0.149

35.9% (92)
45.7% (117)
18.4% (47)

36.7% (22)
45.0% (27)
18.3% (11)

0.994

eGFR, estimated glomerular filtration rate; MR, mitral regurgitation; STS, Society of
Thoracic Surgeons.
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Changes in MR severity
When we consider the overall study population, there was no
difference in the distribution of MR severity between the
pre-TAVI, 30-day and 12-month time-points. However, only
47.1% of the 60 patients with signiﬁcant preprocedural MR
had grade 3–4 MR at 30 day (McNemar’s test p<0.001), with
no signiﬁcant difference at 12 m. In those patients without baseline signiﬁcant MR, there was no signiﬁcant change in the distribution ( p=0.07). 40 patients had signiﬁcant TR at baseline (ie,
grade ≥3). Thirty-seven had 30 day echo data available, and of
these only 13 (35.1%) had signiﬁcant TR ( p<0.001).
In the 60 patient cohort with signiﬁcant MR, the aetiology
was organic in 83.3% of patients whose MR deteriorated and
72.4% in those in whom MR improved ( p<0.001).
The changes in LVEF are summarised in table 2. Patients
undergoing TAVI experienced an improvement in LVEF
(p<0.001), driven by an improvement in those patients without
signiﬁcant MR (p<0.001). Those with signiﬁcant MR did not
improve ( p=0.219).
Multivariate Cox proportional hazards modelling revealed
that signiﬁcant preprocedural MR had an independent association with mortality (HR 4.94 (95% CI 2.07 to 11.76),
p<0.001) as did estimated glomerular ﬁltration rate (HR 0.97
(95% CI 0.95 to 0.99), p=0.001). Signiﬁcant TR—present in
40 patients (12.7%)—reached signiﬁcance in the univariate analysis but not the multivariate.

DISCUSSION

Table 1 Patient demographics

Age (years, mean±SD)
Male % (n)
Peripheral vascular disease
Chronic respiratory disease
Pulmonary hypertension
Prior revascularisation
Logistic EuroScore (%)
STS
New York Heart Association
Class I
Class II
Class III
Class IV
LVEF (%)
Peak AV gradient (mm Hg)
Aortic valve area (cm2)
Aortic regurgitation ≥grade 3
Tricuspid regurgitation
≥grade 3
eGFR (mL/kg/1.73 m2)
Site
Transapical
Transfemoral
Transaortic

in MR (log-rank p=0.05, see ﬁgure 2B). We found no difference
between the demographics of these groups except a higher rate
of pulmonary disease in those MR improved (see online supplementary table S1).

Our study conﬁrms that preprocedural signiﬁcant MR has an
independent association with mortality after TAVI using the
Edwards bioprosthesis—but also that signiﬁcant regurgitation
also improves in many of these patients. Given that improvement and that the mortality in the MR cohort is still reassuringly smaller than that of TAVI candidates treated medically,1
TAVI should not be denied to these patients on the basis of MR
alone.
Signiﬁcant MR at the time of sAVR is associated with an
increased risk of adverse outcome4 5 and current guidelines

Figure 1 Peak aortic valve gradients. Signiﬁcant MR is denoted by
orange, non-signiﬁcant MR by blue. *p is non-signiﬁcant (ie, e>0.05).
MR, mitral regurgitation; TAVI, transcatheter aortic valve implantation.
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recommend treatment of both conditions if the valvular haemodynamics suggest signiﬁcant disease in both.7 Concomitant MR
with AS is well described in the surgical literature and has also
been noted in patients with TAVI.4 5 9 12 18
Functional MR is frequently seen in dilated cardiomyopathy
and increases mortality.19 20 It is caused by distortion of the LV
and papillary muscle geometry, displacing the mitral valve leaflets (MVL) below the plane of the MV annulus: when there is

Table 2 Changes in LVEF

Baseline LVEF (%)
30d LVEF (%)

Overall

Significant MR

No significant MR

49.1±12.7
52.2±12.6
p<0.001

43.7±15.0
45.7±13.5
p=0.219

50.4±11.7
53.9±11.9
p<0.001

MR, mitral regurgitation.
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insufﬁcient MVL area to compensate, the valve apparatus is rendered incompetent.20–25 Leaﬂet thickness and area increase in
response to abnormal loading with increased tension during
systole21 through greater expression of collagen and aminoglycosans rendering them less compliant.26–28
Recently, results from a large Italian CoreValve registry have
suggested a higher 1-month mortality in the severe and moderate MR groups than those with mild or no MR (11% vs 9% vs
5%, respectively), extending to the 1-to-12-month time period
(17% vs 12% vs 10%). The presence of greater-than-mild MR
increased the risk of death by almost threefold, and 8.4% of
patients with less-than-mild MR suffered a deterioration in their
grade of MR.12 The design of the more intrusive CoreValve
prosthesis may cause greater interference of the anterior
MVL.29
Toggweiler and colleagues have previously noted an increase
in 30-day mortality in patients with moderate–severe MR
receiving the Edwards device (adjusted HR 2.10, p=0.02)—
however, mortality beyond 30 days was similar.8 An ’as-treated’
1801
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Figure 2 (A) Kaplan–Meier curve
demonstrating the increased
cumulative mortality of signiﬁcant
preprocedural mitral regurgitation
(MR). (B) Kaplan–Meier curve
demonstrating the effects of change in
MR severity after transcatheter aortic
valve implantation upon mortality.
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Key messages
What is already known on this subject?
Mitral regurgitation (MR) is often found in patients with calciﬁc
aortic stenosis and current guidelines suggest it can be left
untreated at the time of surgical aortic valve replacement unless
severe. MR has also been described in high-risk patients
undergoing transcatheter aortic valve implantation (TAVI), but
there is disagreement regarding its impact upon outcome.
What might this study add?
Our study has found an independent association between
‘signiﬁcant’ (ie, moderate–severe) MR and the risk of death
after TAVI, while conﬁrming that there is also a signiﬁcant
improvement in the degree of MR seen after TAVI. Mortality
rates seen in patients with signiﬁcant MR are considerably lower
than we would expect in patients from this cohort receiving
only medical therapy. Patients with signiﬁcant MR who
experience an improvement have higher rates of functional MR
rather than organic disease and have lower mortality than those
in whom MR worsens. We also found a reduction in signiﬁcant
tricuspid regurgitation.
How might this impact on clinical practice?
While clinicians assessing patients for TAVI should be mindful of
the increased risk of patients with signiﬁcant MR, it should not
be considered a contraindication. But careful examination of the
severity and aetiology of the MR is necessary in preprocedural
selection and planning. Given the deleterious effects of
worsening MR, further collaborative work is necessary to
identify those at risk to improve safety for patients with MR
undergoing TAVI.
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MR worse

MR better

n=69

n-89

Age (years, mean±SD)

81.6±10.1

82.7±7.6

0.453

Male % (n)

56.5% (39)

56.2% (50)

0.966

Peripheral vascular disease

13.0% (9)

7.9% (7)

0.285

Chronic respiratory disease

13.0% (9)

25.8% (23)

0.047

Atrial fibrillation

14.7% (10)

10.1% (9)

0.382

Pulmonary hypertension

13 (19.1%)

18.0% (16)

0.461

Prior revascularisation

37.7% (26)

36.0% (32)

0.823

Logistic EuroScore (%)

20.0±13.4

22.8±10.9

0.139

5.5±2.7

5.8±3.0

0.490

50.3±12.8

47.3±13.5

0.156

4.6±0.9

4.7±0.8

0.491

Peak AV gradient (mmHg)

71.9±24.3

72.2±24.6

0.935

Aortic Valve area (cm2)

0.68±0.24

0.69±0.30

0.749

Aortic regurgitation ≥grade 3

13.0% (9)

20.2% (18)

0.234

RV systolic pressure (mmHg)

38.5±13.9

35.7±14.0

0.411

Tricuspid regurgitation ≥grade 3

10.1% (7)

13.5% (12 )

0.522

eGFR (ml/kg/1.73m2)

57.5±19.4

60.5±21.7

0.363

Site

27.5% (19)

33.7% (30)

0.262

Transfemoral

46.4% (32)

45 (50.6%)

Transaortic

26.1% (18)

15.7% (14)

STS
LV ejection fraction (%)
LV end diastolic diameter (cm)

Transapical

P value

