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Aims Functional mitral regurgitation (FMR) is a consequence of mitral annular enlargement, leaflet tethering and reduced co-
aptation. The importance of the left atrium (LA) as a cause of mitral regurgitation (MR) is less clear. We applied a co-apta-
tion index using three-dimensional (3D) transoesophageal echocardiography to FMR and MR secondary to LA dilatation
(atrial mitral regurgitation, AMR).

Methods
and results

Seventy-two patients underwent comprehensive 3D echo studies: FMR (n ¼ 19); AMR (n ¼ 33); and 20 controls. We
recorded: LV size and function; LA dimensions; mitral annular area (MVA); and leaflet area in early and late systole.
MVA fractional change was defined: (MVA late systole 2 MVA early systole)/MVA late systole × 100%; the co-aptation
index was defined: (leaflet area early systole 2 leaflet area late systole)/leaflet area early systole × 100%. Despite normal
LV size and function in AMR, MVA was increased similarly to FMR (AMR 12.86 cm2 vs. FMR 12.33 cm2, P ¼ ns; both
P , 0.01 vs. controls 8.83 cm2), and MVA fractional change similarly reduced (AMR 5.1% vs. FMR 6.3%; P ¼ ns; both
P , 0.001 vs. controls 14.6%). The co-aptation index was reduced in both MR groups (FMR 6.6% vs. AMR 7.0%,
P ¼ ns; both P , 0.001 vs. controls 19.6%). After multivariate analysis, the co-aptation index (x2 ¼ 41.2) and MVA frac-
tional change (x2 ¼ 22.1) remained the strongest predictors of MR (both P , 0.001 for the model). A co-aptation index
of ≤13% was 96% sensitive and 90% specific for the presence of MR.

Conclusion LA dilatation leads to MVA enlargement, reduced leaflet co-aptation and MR even without LV dilatation. A co-aptation
index describes this in vivo. This work provides insights into the mechanism of AMR.
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Introduction
Functional mitral regurgitation (FMR) occurs in non-ischaemic or is-
chaemic left ventricular (LV) dysfunction.1 – 3 Mitral annular enlarge-
ment contributes to the presence of mitral regurgitation (MR) in
these patients, but previous work suggests that the dominant mech-
anism of MR is displacement of the subvalve apparatus resulting in
failure of optimal co-aptation of the mitral valve leaflets.4 –8 Two-
dimensional echocardiography measures the displacement of the
leaflets into the ventricle in a single plane, but it does not describe
the interaction of the leaflets across the width of the valve. The
advent of three-dimensional (3D) echocardiography enables the
mitral valve to be visualized in its entirety: previous work used a
novel co-aptation index to describe the interaction between the

anterior and posterior mitral valve leaflets at the co-aptation
zone.9 This techniquewasable topredict thedevelopment of valvular
insufficiency through loss of optimal leaflet co-aptation in animal
models of FMR.

Conversely, the left atrium (LA) has been neglected as a potential
causeofMR.LA dilatation is frequently seen in patientswithMR, but is
generally considered the consequence, opposed to the cause, of
valvular insufficiency. Previous studies have concluded that LA en-
largement may result in mitral annular dilatation, but there are con-
flicting views as to whether this alone will result in MR.10– 13 More
recent work has highlighted the importance of atrial fibrillation
(AF) as a cause of ‘atrial mitral regurgitation’ (AMR).14 We hypo-
thesized that patients with isolated atrial dilatation would display
annular dilatation and impaired co-aptation determined using 3D
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transoesophageal echocardiography (TOE). Additionally, we sought
to determine whether annular function contributes to loss of co-
aptation and the presence of MR in these patients.

Methods

Patient population
We identified patients with at least moderate MR undergoing TOE
between February 2010 and October 2012. We excluded patients
with prior mitral valve surgery. Patients in whom MR was secondary to
globalor regional LVdysfunction were labelledas FMR according toapre-
vious definition7 (Figure 1). Patients were labelled as AMR if they fulfilled
the followingcriteria: (i) normal LVsize and functionwithout regionalwall
motion abnormalities; (ii) morphologically normal mitral valve leaflets
without evidence of prolapse or stenosis, and (iii) dilated left atria,
defined according to European guidelines as left atrial volumes of
.52 mL (females) and .58 mL (males; Figure 2).15 Comparison was
made with 20 patients, all of whom were investigated to rule out a
cardiac source of embolism and were found to have a normal heart, in-
cluding normal LV size and function, normal LAvolume, and a structurally
normal mitral valve with less than mild MR. The study was granted insti-
tutional approval by the Papworth Hospital NHS Foundation Trust
(Figure 3).

Image acquisition
Images were acquired using an iE33 imaging platform with S5-1 and X7-2t
transducers (Philips, Andover, MA, USA), and analysed offline using
Xcelera (Philips). From the parasternal long-axis window, we recorded
LV end-diastolic and end-systolic diameters (LVIDd and LVIDs). LA
volume, LVend-systolic volume, andLVejection fraction (EF) weredeter-
mined using Simpson’s Biplane method from apical windows. Diastolic
function was described with the E/E′ ratio, where E was measured
using pulsed Doppler of the mitral inflow from the four-chamber view,
and E′ as the average of the septal and lateral mitral annular diastolic vel-
ocities using tissue Doppler imaging. The presence of moderate MR was
defined using a multiparametric approach including assessment of the
effective regurgitant orifice area (EROA) using the Proximal Isovelocity
Surface Area (PISA) method, the vena contracta, and pulmonary
venous flow reversal.16 An EROA was used for comparison between
groups. In all patients, the TOE study was performed under conscious

sedation, ensuring that systolic blood pressure was maintained through-
out the examination. The 3D datasets were acquired from the mid-
oesophagus using the live 3D or 3D zoom functions and analysed accord-
ing to current guidelines.17 Sector width, gain, and depth settings were
adjusted to ensure that the entire mitral valve annulus was included
(frame rate of .8 fps). We acquired two consecutive beats, and datasets
analysed offline using the dedicated software (QLab, Mitral Valve Quan-
tification, Philips). First, the end-systolic frame was selected, defined as
the last frame prior to mitral valve opening. We manually identified the
inter-commissural (IC) and antero-posterior (AP) diameter, and subse-
quently defined the hingepoints of the leaflets in eight rotational planes
before the leaflets were traced in parallel slices across the valve. Mitral
annular parameters recorded included: AP and IC diameter, annular
height, and area (MVA). From these, we derived the annular height to
IC ratio (AHICR, defined as annular height/IC diameter), a measure of
the non-planarity of the mitral annulus independent of annular size, or
patients’ body surface area. In addition, measures of leaflet geometry
were recorded including tenting height, tenting volume, and total leaflet
surface area. Finally, we identified early systole, defined as the first frame
in which the mitral leaflets were seen to co-apt (Figure 4). The above pro-
cedure was repeated, and we recorded the MVA and total leaflet surface
area in early systole. We defined the fractional area change of MVA as:
(MVAlatesystole 2 MVAearlysystole)/MVAlatesystole × 100%.Theco-
aptation index is a three-dimensional assessment of the surface area of co-
aptation, i.e. the total area of ‘overlap’ between the anterior and posterior
mitral valve leaflets during systole. This value is indexed to the size of the
valve, thus providing an assessment of co-aptation that is independent of
the patient’s body surface area. This was calculated as previously
described9 as: (leaflet surface area early systole 2 leaflet surface area
late systole)/leaflet surface area early systole × 100%.

Statistical analysis
Datawere analysed using SPSS v19.0 (SPSS, Inc., Chicago, IL, USA). Values
are expressed as mean+ SD. Continuous parameters were checked for
the normality of distribution using the Shapiro–Wilk test, and compared
using the one-way analysis of variance (ANOVA) with post-test Bonfer-
roni correction. Non-normally distributed datawere compared using the
Kruskal–Wallis testwithpost-hocDunncorrection formultiple compar-
isons. Associations between annular size and function were determined
with linear regression analysis. Clinical and echocardiographic character-
istics, including age, gender, rhythm, LVdimensions indiastole and systole,

Figure 1 Typical 2D transthoracic echo image of a patient with functional MR (left). Note the dilated left ventricle, and the displacement of the
mitral leaflets into the left ventricle. This results in significant MR (right).
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EF, and left atrial volume, were entered into separate univariateand multi-
variate models with the annular size and annular contraction as the de-
pendent variable. Independent associations are described as the b

co-efficient and the 95% confidence intervals, with the model r2 for the
explained variance.

To determine clinical and echocardiographic factors predictive of MR,
we employed multivariate regression analysis. Factors found to be signifi-
cant or borderline on univariate analysis (P ≤ 0.10) were subsequently
entered into a multivariate forward stepwise model. Receiver-operator
characteristic curves were constructed to evaluate the contributions of
variables to the presence of MR. Optimal values were defined as those
with best sensitivity and specificity. Intra- and inter-observer variability
was described by the co-efficient of variation, and 95% limits of agree-
ment of the absolute values were calculated using a Bland–Altman ana-
lysis. P-values of ,0.05 were considered statistically significant.

Results
Complete datasets were available for 52 patients: 19 were labelled as
FMR (10 males; age 72+ 7 years), and 33 as AMR (16 males; age
71+ 7 years). Most were in AF (AMR 82% and FMR 63%). Baseline
characteristics are listed in Table 1. For those AMR patients not in
AF, the aetiology of left atrial enlargement was hypertension. In the
FMR cohort, the underlying aetiology was ischaemic heart disease
in 8 (42%), and non-ischaemic cardiomyopathy in the remaining 11
(58%). In addition to the presence of MR, 25 (76%) patients in the
AMR group had at least moderate tricuspid regurgitation (TR), and
3 (9%) had moderate aortic stenosis. For the FMR cohort, 12
(63%) patients had at least moderate TR, and 1 had moderate
aortic stenosis.

Figure 2 Left pane depicts a 2D transthoracic image of a patient with atrial MR. Both atria are significantly dilated, but the LV dimensions are
normal. In the zoomed image (centre), note how the mitral leaflets sit almost level with the annular plane: there is no tenting or prolapse. The
image on the right shows the associated regurgitation.

Figure 3 Flow diagram of patients included in analysis. FMR: functional mitral regurgitation; AMR: atrial mitral regurgitation.
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Table 1 Baseline characteristics

Controls (n 5 20) P-value
(controls vs. AMR)

AMR (n 5 33) P-value
(AMR vs. FMR)

FMR (n 5 19)

Male/female 12/8 Ns 16/17 Ns 10/9

Age (years) 52+16 ,0.001 71+7 Ns 72+7*

Body surface area (m2) 1.9+0.2 Ns 1.9+0.2 Ns 1.9+0.3

Rhythm (sinus rhythm/AF) 20/0 ,0.001 6/27 Ns 7/12*

LVIDd (mm) 48+5 Ns 51+6 0.001 58+6*

LVIDs (mm) 31+3 Ns 33+6 ,0.001 44+6*

LVESV (mL)* 35+11 Ns 39+13 ,0.001 74+16*

Left atrial volume (mL)* 40+9 ,0.001 127+61 Ns 112+51*

EF (%) 63+4 Ns 62+5 ,0.001 38+6*

E/E′ 9.0+2.3 Ns 10.8+3.9 0.02 16.1+7.7*

Additional valvular pathology

TR, n (%) 25 (76) Ns 12 (63)

AVD, n (%) 3 (9) Ns 1 (6)

MR severity

EROA (cm2)* 0.23+0.13 0.111 0.32+0.18

Data are compared using the ANOVA or Kruskal–Wallis where appropriate.
AMR: atrial mitral regurgitation; FMR: functional mitral regurgitation; AF: atrial fibrillation; LVIDd: left ventricular internal diameter diastole; LVIDs: left ventricular internal diameter
systole; LVESV: left ventricular end-systolic volume; EF: ejection fraction; LAD: left atrial diameter; TR: tricuspid regurgitation; AVD: aortic valve disease; MR: mitral regurgitation;
EROA: effective regurgitant orifice area.
*P , 0.001 FMR vs. controls.

Figure 4 Typical Mitral Valve Quantification (MVQ) analysis image of a patient with AMR. The mitral annulus is displayed in three orthogonal
planes, with the 3D image to aid orientation (bottom right pane). On the right, the software displays the values for annular parameters, including
IC diameter (DAIP); antero-posterior diameter (DAP); annulus height (H); annular area (A2D); total leaflet surface area (A3DE); tenting volume
(VTent), and tenting height (HTent). To determine the co-aptation index, the analysis is performed in early systole (displayed here) and repeated
in end-systole.
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As expected by design, FMR patients had increased LV dimensions
and lower EF compared with AMR and control patients. Similarly, the
E/E′ ratio was significantly elevated in FMR, whereas it was compar-
able with AMR and controls (Table 1). LA volumes were similarly
enlarged in FMR and AMR (FMR LA volume 112+51 mL vs. AMR
127+ 61 mL, P ¼ ns; both P , 0.001 vs. controls 40+9 mL;
Table 1). There was no difference in the severity of MR between
those patients with FMR and AMR (EROA 0.32+0.18 vs. 0.23+
0.13 cm2; P ¼ 0.11).

Annular parameters
The mean frame rate of 3D datasets was 12 (range 8–25) fps. Despite
normal LV systolic volumes in AMR, MVA was similarly enlarged in
AMR and FMR (AMR 12.86+ 3.47 cm2 vs. FMR 12.33+ 1.98 cm2,
P ¼ ns; both P , 0.001 vs. controls 8.83+ 1.27 cm2). This pattern
is replicated in the AP and IC values (Table 2). Fractional MVA
change was similarly reduced in AMR and FMR, compared with con-
trols (AMR 5.1+4.5% vs. FMR 6.3+ 5.3%, P ¼ ns; both P , 0.001
vs. controls 14.6+5.0%; Figure 5).

AMR and FMR groups differed with regard to mitral annular geom-
etry. Tenting height represents the lowest point of the mitral leaflets
below the annular line at end-systole. This was increased in FMR, and
lower in AMR than in normal controls (FMR 8.1+ 2.4 mm vs. con-
trols 4.7+1.1 mm, P , 0.001; AMR 3.5+1.5 mm, P , 0.05 vs. con-
trols; Table 2). Finally, we determined the co-aptation index, which
was similarly reduced in AMR and FMR compared with controls
(Figure 6; AMR 7.0+ 3.4% vs. FMR 6.6+ 3.8%, P ¼ ns; both P ,

0.001 vs. controls 19.6+7.4%).
Linear regression analysis was employed to explore the independ-

ent association between MV annular size and function. The strongest
univariate associations of the MVAwere left atrial volume (r ¼ 0.841;
P , 0.001), rhythm (r ¼ 20.51, P , 0.001), and LV dimensions in
diastole (r ¼ 0.479; P , 0.001). After multivariate analysis, LA
volume (b ¼ 0.03; P , 0.001) in addition to rhythm and gender

remained independently associated with MVA (Table 3). For
annular fractional change, the strongest univariate associations
were rhythm (r ¼ 0.606; P , 0.001) and LA volume (r ¼ 20.556;
P , 0.001), both of which remained independent associations after
multivariate analysis (Table 3). LV size was not an independent asso-
ciate with either mitral annular area or annular fractional change.

To determine the predictors of MR, logistic regression analysis was
employed. Univariate predictors of the presence of moderate MR
were: age, LV dimensions, EF, left atrial dimensions, MVA, AP and
IC diameter, AHICR, tenting volume, MVA fractional change, and
the co-aptation index. These factors were subsequently incorpo-
rated into a forward stepwise multivariate model. After analysis,
MVA fractional change and the co-aptation index remained the pre-
dictors of MR (co-aptation index: x2 ¼ 41.2; MVA fractional change:
x2 ¼ 22.1; both P , 0.001 for the model). Using a receiver-operator
characteristic curve, optimal cut-offs for these indices were deter-
mined. A co-aptation index of ≤13% displayed 96% sensitivity and
90% specificity for the presence of at least moderate MR, whereas
an MVA fractional change of ≤11% displayed 87% sensitivity and
85% specificity for the same.

Measurement variability (95% limits of agreement and co-efficient
of variation) for intra-observer differences were as follows: mitral
annular area 3.1%+0.8 cm2; tenting height 3.8%+ 0.6 mm;
tenting volume 4.7%+ 0.2 mL; leaflet surface area 3.3%+ 0.9 cm2;
and co-aptation index 5.4+2.1%. Inter-observer differences were:
mitral annular area 4.9%+ 1.1 cm2; tenting height 7.7%+ 0.9 mm;
tenting volume 9.7%+ 0.4 mL; leaflet surface area 5.6%+ 1.5 cm2;
and co-aptation index 9.8+4.6%.

Discussion
This study has characterized the functional–anatomical changes that
occur in patients with left atrial dilatation and associated MR. Using
3D TOE, we have defined the underlying mechanism of valvular
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Table 2 Mitral annular parameters

Controls (n 5 20) P-value
(control vs. AMR)

AMR (n 5 25) P-value
(AMR vs. FMR)

FMR (n 5 19)

Annular parameters (end-systole)

MVA (cm2) 8.83+1.27 ,0.001 12.86+3.47 Ns 12.33+1.98*

AP diameter 29+3 ,0.001 36+5 Ns 36+4*

IC diameter 35+3 ,0.001 42+5 Ns 42+3*

Annular height (mm) 5.6+1.8 Ns 5.6+1.6 Ns 5.9+1.5

AHICR (%) 15.9+4.4 Ns 13.6+4.5 Ns 14.1+3.1

Leaflet parameters (end-systole)

Tenting height (mm) 4.7+1.1 ,0.05 3.5+1.5 ,0.001 8.1+2.4*

Tenting volume (mls) 1.2+0.4 Ns 1.0+0.7 ,0.001 3.4+1.6*

Total leaflet surface area (cm2) 9.34+1.47 ,0.001 14.09+3.90 Ns 14.45+2.53*

MVA fractional change (%) 14.6+5.0 ,0.001 5.1+4.5 Ns 6.3+5.3*

Co-aptation index (%) 19.6+7.4 ,0.001 7.0+3.4 Ns 6.6+3.8*

Data are compared using the ANOVA or Kruskal–Wallis where appropriate.
MVA: mitral annular area; AP: antero-posterior; IC: inter-commissural; AHICR: annular height to inter-commissural ratio; other abbreviations as previously.
*P , 0.001 FMR vs. controls.
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insufficiency as a loss of leaflet co-aptation, which, in part, relates to
reduced mitral annular fractional change.The co-aptation index is sig-
nificantly related to the presence of MR in patients with functional or
atrial MR, and left atrial volume is independently associated with
annular size and function.

FMR is well described, occurring in patients with global or regional
LV dysfunction.4 –7 Dilatation of the mitral annulus contributes to
MR, but the most important anatomical alteration promoting valvular
insufficiency is abnormal leaflet geometry and tethering. As the LV
dilates, the mitral subvalve is displaced into the ventricle, preventing
optimal valvular function: indeed, some authors have demonstrated
that LV dysfunction in the absence of LV dilatation fails to produce im-
portant MR in experimental models.8 Several echocardiographic
measures describe the displacement of the subvalvular apparatus,

in particular the tenting area.18,19 The final common functional con-
sequence of these anatomical changes is reduced leaflet co-aptation,
and 3D echocardiography facilitates comprehensive assessment of
the mitral valve with direct measurement of leaflet apposition. The
co-aptation index haspreviously been used todescribe the loss of co-
aptation of the mitral leaflets in animal models of FMR,9 where a value
of ,12% predicted the presence of important MR. In our study,
≤13% was the cut-off displaying optimal sensitivity and specificity.
More importantly, the application of this index to patients with MR
and isolated left atrial dilatation confirms the mechanism of regurgi-
tation in these individuals’ to be loss of co-aptation, presumably as
a consequence of mitral annular enlargement and impaired annular
fractional change.

There is widespreadappreciation thatLVdilatation results in mitral
annular enlargement.4,7,20 The impact of the atrium on annular
dimensions is less well established.10 –13 We suspect this is for
several reasons. Previous work has noted that, for equivalent mitral
annular size, patients with FMR had more valvular insufficiency than
those with isolated LA dilatation.10 The authors’ conclusion was
that isolated annular dilatation did not cause significant MR. Similarly,
Zhou et al. studied patients with lone AF and concluded that although
there was pronounced dilatation of the tricuspid valve annulus with
associated TR, the effect on the mitral annulus was more modest,
and significant MR did not occur.13 In isolated atrial enlargement, if
the annular dilatation is mild or moderate, the mitral leaflets can
‘unfold’ to maintain co-aptation and compensate for the increased
annular size. This is reflected in the reduced tenting height seen in
the AMR patients (Figure 7). This is not surprising: it has long been
known that there is substantial leaflet surplus relative to the mitral
orifice size.21,22 Above a certain threshold, however, the leaflets
can no longer overcome the increased annular dimensions, and
mitral insufficiency will ensue. An important conclusion from our
data is that the atrium appears to be the key association of mitral
annular size. Linear regression analysis confirmed that LA volume
was the strongest independent associate of MVA, whereas no such
association was seen with LV dimensions. This suggests that
annular dilatation seen in patients with FMR may be related to the
presence of concurrent atrial enlargement in these patients. This
requires further work and clarification. Of interest, and consistent
with Zhou’s observations, the majority of patients with AMR had evi-
dence of moderate or worse TR, suggesting that co-existant right
atrial enlargement and tricuspid annular dilatation occur in line with
the observed changes in the mitral annulus.

In patients with AMR, the regurgitant jet was not focussed in one
region, but was seen to be distributed along the length of the co-
aptation zone, reflecting a generalized loss of apposition (Figure 8).
This is analogous to the pattern seen in FMR, where it has been
noted that the PISA is elongated and not spherical as is observed
with mitral valve prolapse.23 It is accepted that, in FMR, the threshold
value of EROA indicating the presence of severe MR should be
0.20 cm2 to account for this. Given the similar pattern of valvular in-
sufficiency in AMR, we believe that a similar threshold would be suit-
able for these patients, but requires further study.

Describing the mitral valve annulus at a single time-point neglects
the fact it is a dynamic structure that undergoes complex conform-
ational alterations during the cardiac cycle. A substantial body of
work confirms that the mitral annulus enlarges during systole and

Figure 5 Box and whisper plot of MVA fractional change for the
three study groups. Vertical bars represent range; box represents
inter-quartile range, and horizontal line represents the mean.
Abbreviations as previously.

Figure 6 Box and whisper plot of the co-aptation values for the
three study groups. Vertical bars represent range; box represents
inter-quartile range, and horizontal line represents the mean.
Abbreviations as previously.
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contracts in diastole: the area of the annulus is smallest at the point of
mitral valve closure, which may help in promoting optimal apposition
of the leaflets.24– 28 Experimental work in sheep has linked atrial

function to pre-systolic annular contraction: rapid atrial pacing in ex-
perimental animals increased volume change in the LA, which corre-
sponded to a similar increase in mitral annular fractional change.28 In a
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Table 3 Univariate and multivariate associations of mitral annular area and fractional change

Variables Univariate Multivariate

r P-value b (95% CI) P-value

Mitral annular area: r2 ¼ 0.789

Age 0.245 0.022 20.01 (20.04–0.02) 0.497

Gender 0.414 <0.001 1.53 (0.70–2.35) <0.001

Rhythm 20.512 <0.001 21.24 (22.24– 20.24) 0.016

LVIDd 0.479 ,0.001 0.70 (20.34–1.74) 0.185

LVIDs 0.310 0.005 0.09 (20.98–1.16) 0.862

EF 20.132 0.141 0.01 (20.04–0.06) 0.653

LAV 0.841 <0.001 0.03 (0.02–0.04) <0.001

Annular contraction: r2 ¼ 0.469

Age 20.405 ,0.001 20.05 (20.15–0.06) 0.380

Gender 20.047 0.350 20.16 (22.73–2.41) 0.901

Rhythm 0.606 <0.001 4.85 (1.73–7.97) 0.003

LVIDd 20.263 0.015 20.60 (23.85–2.64) 0.711

LVIDs 20.232 0.028 0.56 (22.77–3.89) 0.737

EF 0.249 0.020 0.08 (20.07–0.23) 0.289

LAV 20.556 <0.001 20.03 (20.06– 20.002) 0.037

Independent associations are displayed in bold.
LVIDd: left ventricular internal diameter in diastole; LVIDs: left ventricular internal diameter in systole; EF: ejection fraction; LAV: left atrial volume.

Figure 7 Mitral annular geometry in FMR and AMR. Top left pane depicts a 2D image of a patient with atrial MR. Note how the leaflets have
‘unfolded’ and sit close to the annular plane. This can also be seen in the cartoon image of the mitral annulus produced using MVQ analysis (top
right). Conversely, in functional MR, the leaflets are tethered by the displaced subvalve and accordingly sit well below the level of the annulus.
This can be seen in both the 2D image and mitral annular cartoon (bottom left and right, respectively). AL: anterolateral; PM: posteromedial; Ao:
aorta.
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separate study, LV pacing eliminated both atrial contraction and pre-
systolic mitral annular reduction.26 Our current study in humans sup-
ports these previous observations. In AMR patients, fractional
annular change was reduced similar to the value seen in FMR. After
multivariate analysis, we demonstrated that the presence of AF and
LA volume were key associations with reduced MVA fractional
change, whereas no association was seen with LV size or function.

It seems likely that atrial enlargement is a more important cause of
MR than has previously been considered.10– 12 We wonder whether
AMR is synonymous with the syndrome of pure annular dilatation,29

which has been noted to be a substantial cause of MR requiring sur-
gical intervention.30 This raises questions in our approach to patients
with LA dilatation, and in particular those with AF. Management of AF
is often limited to optimizing ventricular rate and anticoagulation
strategies, but possibly attempts to restore sinus rhythm should be
made in more patients. Recent work clearly demonstrated that this
approach could lead to reduction in LA size and with it an improve-
ment in the severity of MR.14 We believe that it is, therefore, im-
portant to recognize AMR as a distinct entity with characteristic
mitral annular geometry that requires a unique approach to its
management. Surgical approaches to FMR frequently involve techni-
ques designed to restore normal subvalve geometry and ventricular
shape in addition to restrictive annuloplasty.31–33 In AMR, these
strategies would likely be unnecessary, and restrictive annuloplasty
alone may be sufficient, along with surgical strategies to restore
sinus rhythm.

Limitations
This is a single-centre study with limited numbers of patients and
should be considered hypothesis-generating. Fasting patients, prior
to TOE, may impact on volaemic status and measurements made
of the mitral annulus. Frame rates and inter-observer variability
may impact on the reproducibility of these results. Quantification
of MR severity in AF and AMR is problematic due to the variable

stroke volume, as regurgitation originates along the line of apposition
and is not focussed in one region. Threshold for defining severeMR in
these patients need further clarification.

Conclusion
Left atrial enlargement leads to mitral annular dilatation and reduced
mitral annular fractional change, even in the absence of LV enlarge-
ment. This can result in important MR. Using 3D TOE-derived co-
aptation index, we have demonstrated that the mechanism of MR
in these patients is loss of optimal apposition of the mitral leaflets. Ap-
preciating the importance of the atrium in the integrity of the mitral
valve may lead us to re-address our approach to atrial dilatation
and in particular AF, which is the main aetiological factor in this
condition.
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