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Abstract

Background—Surgery for severe mitral regurgitation (MR) is indicated if symptoms or LV 

dilation/ dysfunction occur. However, prognosis is already reduced by this stage and earlier 

surgery on asymptomatic patients has been advocated if valve repair is likely, but identifying 

suitable patients for early surgery is difficult. Quantifying the regurgitation may help, but 

evidence for its link with outcome is limited. Cardiovascular magnetic resonance (CMR) can 

accurately quantify MR, and we examined whether this was associated with the future need for 

surgery.

Methods and Results—109 asymptomatic patients with echocardiographic moderate or severe 

MR had baseline CMR scans and were followed for up to 8 years (mean 2.5±1.9 years). CMR 

quantification accurately identified patients who progressed to symptoms or other indications for 

surgery: 91% of subjects with regurgitant volume 55ml survived to 5 years without surgery 

compared to only 21% with regurgitant volume >55ml (p<0.0001); similar separation was 

observed for regurgitant fraction below and above 40%. CMR-derived end-diastolic volume 

index showed a weaker association with outcome (proportions surviving without surgery at 5 

years: 90% for LVEDVi <100ml/m
2
 versus 48% for 100ml/m

2
) and added little to the 

discriminatory power of regurgitant fraction/volume alone.

Conclusions—CMR quantification of mitral regurgitation was associated with the development 

of symptoms or other indications for surgery, and showed better discriminatory ability than 

‘reference-standard’ CMR-derived ventricular volumes. CMR may be able to identify 

appropriate patients for early surgery, with the potential to change clinical practice, though the 

clinical benefits of early surgery require confirmation in a clinical trial.

Key words: mitral regurgitation; prognosis; outcome; cardiovascular magnetic resonance 

imaging; mitral valve 
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Background 

Mitral regurgitation (MR) is usually well tolerated, and even those with severe asymptomatic 

regurgitation can survive many years, though around a third develop indications for surgery by 5 

years.
1
  Mitral valve repair or replacement is indicated once symptoms or adverse cardiac 

features develop
2
 (e.g. left ventricular dysfunction/excess dilation), as prognosis is significantly 

reduced without treatment.
3-5

 However, even with surgery prognosis may be reduced at this stage, 

and early surgery for severe regurgitation has been advocated.
6, 7

 The latest guidelines now 

consider this to be ‘reasonable’ (class 2a indication) if severe MR is present, the chance of mitral 

repair is high (>95%), and the surgery is carried out in a centre of excellence with a very low 

mortality, or other conditions exist (pulmonary hypertension or new onset atrial fibrillation).
2
 

This ‘aggressive’ approach has to be balanced against the favourable natural history of untreated 

mitral regurgitation without symptoms or other adverse features, and the risks of early surgery, 

particularly in an elderly population in whom the risks of surgery are higher. There is therefore 

considerable debate between those who advocate a ‘watchful waiting’ strategy
1
 versus those who 

favour early surgery.
8, 9

 Determining the correct clinical approach is hindered by the lack of any 

controlled trial of early surgery, and the difficulty in identifying which patients should be offered 

this while asymptomatic. Advance identification of those patients likely to progress to symptoms 

or other indications for surgery in the near future could highlight the group most likely to benefit, 

and facilitate early surgery before prognosis was reduced.  

Quantifying the MR in those with significant regurgitation (rather than qualitative 

grading) might be one method to identify such patients. This can be achieved with 

echocardiography (Echo),
10

 though Echo quantitation is primarily used to aid grading into mild, 

moderate and severe regurgitation,
10

 rather than identifying patients for surgery. One important 

mortality, or other conditions exist (pulmonary hypertension or new onset atrial fffibibibriririllllllatatatioioion)n)n)...
222
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mitrralalal rrregegegurururgigig tatitiiononn without symptoms or other aaadvdvdveerse features, and thehehe risks of early surgery, 
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study has shown an association of quantitative Echo MR grading with mortality in medically-

treated patients,
11

 but this did not address the identification of patients for surgery.  

Cardiovascular magnetic resonance (CMR) is able to quantify mitral regurgitation with 

high accuracy and reproducibility, using a combination of left ventricular (LV) volumetric 

measurement and aortic flow quantification with phase contrast velocity mapping.
12

 Given that 

left ventricular (LV) volumes and function are also important for MR assessment, and that CMR 

is considered the ‘reference-standard’ method for measuring these,
13

 it would appear to be an 

optimal technique for the assessment of mitral regurgitation. We previously used this technique 

in patients with aortic regurgitation, and demonstrated a strong association of the quantification 

of regurgitation with outcome.
14

 We therefore sought to examine whether a similar approach 

using CMR quantitation of mitral regurgitation and LV indices might be able to predict which 

asymptomatic patients with significant (moderate or severe) MR were likely to progress to 

symptoms or other established indications for surgery. We also aimed to compare the CMR 

quantitation of mitral regurgitation and LV volume/function indices for their relative predictive 

ability. 

 

Methods

Subjects and follow up 

Patients at least 18 years of age were recruited from four high-volume CMR centres in Oxford, 

Leeds, London (UK) and Auckland (New Zealand). All asymptomatic patients with moderate or 

severe chronic organic mitral regurgitation on echocardiography were eligible for inclusion and 

underwent baseline CMR scanning. Exclusion criteria included the presence of ‘functional’ 

mitral regurgitation (secondary to annular dilation or LV dysfunction), other significant valve 

of regurgitation with outcome.
14

 We therefore sought to examine whether a similalaarrr apapapprprproaoaoachchch 

using CMR quantitation of mitral regurgitation and LV indices might be able to predict which 

asymmmptptptomomomatataticicic patatatieieients with significant (moderatetete ooorr severe) MR were lllikikikely to progress to 

yyymmpm toms or ottthhherr esessttat blblblisisishehehed d d iinindididicccatititionns fofofor surggeeery. WWWe e alalalsososo aaaimmmededed ttto compmpmpaarare ee thththe CMCMCMR R R

quuuananantitt tationnn ooof mmim ttrt al rrreegegurgigigitaaatitit onnn aaanddd LLLV vovovolumme///funnnccctiononn iiindndn iiiceees ffforrr thheiririr rrrelee ativvveee prededdictivevve 

abababilililititity. 
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disease and clinical and/or angiographic evidence of coronary disease.  

Subjects were followed for up to 8 years. Those who remained asymptomatic and under 

conservative management were designated the ‘conservative’ group, while those who developed 

symptoms or other established indications for surgery
2
 were designated the ‘crossover’ group, 

with the decision for surgery taken as the point of censoring. Subjects were only included in the 

crossover group if the surgery was indicated on established criteria,
2
 which do not include CMR 

assessment. Any subjects undergoing mitral valve replacement/repair for indications outside 

these criteria (including mitral repair performed for asymptomatic severe MR without other 

indications of adverse prognosis) remained in the conservative group but were censored at the 

time of surgery. In addition, a minimum period of one month was required between the CMR 

scan and the decision for surgery, to avoid the potential bias of patients having a predesignated 

CMR scan ‘en-route’ to surgery. All clinical decisions were taken by the treating physician. In 

Oxford, patients participated in a research study, and clinical decisions were made without 

knowledge of the CMR data. In the other three centres, study patients were identified from the 

clinical CMR databases (having been initially diagnosed with Echo) and clinicians had access to 

the CMR data, although as indicated above, there are no CMR-based criteria for surgery. 

A third group was also included to compare CMR parameters with both the conservative 

and crossover groups. This group included patients who had already developed established 

indications for surgery
2
 and were scheduled for mitral valve repair/replacement (the ‘surgical’ 

group). They underwent identical CMR scans to the other groups. 

The research study was approved by the Oxfordshire Central Research Ethics Committee 

(Project code C02.020) and the Waitemata District Health Board “Knowledge Centre” in New 

Zealand (Project number RM0980711302); all research subjects gave written informed consent. 

ime of surgery. In addition, a minimum period of one month was required betweeeeeen n n thththe e e CMCMCMR R R
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CMR scanning 

All scans were performed on clinical 1.5 Tesla scanners (Siemens Avanto [Siemens Medical 

Solutions, Erlangen, Germany] or Philips Intera [Philips Healthcare, Best, Netherlands] and 

analysed in each centre using dedicated software (Argus [Siemens], CMR42 [Circle 

Cardiovascular Imaging, Calgary, Canada] or CMRtools [Cardiovascular Imaging Solutions, 

London, UK]) for both volumes and flow, according to standard acquisition guidelines.
12

 All 

images were electrocardiogram (ECG)-gated and most were obtained during an 8-16 second 

breath-hold to remove cardiac motion due to the respiratory cycle.  Subjects underwent a left 

ventricular function study, consisting of a stack of contiguous short axis cine images from base 

to apex, from which left ventricular end-diastolic and end-systolic volumes (LVEDV and 

LVESV respectively) and mass were measured, and LV stroke volume (LVSV) was derived 

from: LVEDV-LVESV. Each value was also indexed to body surface area. Cine image 

sequences were steady-state free precession; temporal resolution 35-45msec; echo time 1.40-

1.54msec; repetition time 2.80-3.08msec; field of view 380x380mm; flip angle 50-60
o
). 

Aortic forward flow was quantified using through-plane phase-contrast velocity-mapping 

as previously described,
15, 16

 with the image plane placed either just above the aortic valve at 

end-diastole or at the sinotubular junction (Figure 1). If significant turbulence or aliasing was 

seen in the velocity image, the acquisition was repeated a few millimetres further from the valve, 

and/or with a higher velocity window. Free-breathing flow sequences were used in Oxford, while 

breath-hold flow sequences were used in the other three centres. Our previous work has shown 

that the choice of pulse sequence (free-breathing versus breath-hold) does not significantly affect 

the quantitative results.
14

 In all centres, the potential for background flow offset errors was 

reduced
17

 by ensuring flow sequences were acquired with the region of interest located at the 

o apex, from which left ventricular end-diastolic and end-systolic volumes (LVEDEDEDV V V ananand d d 

LVESV respectively) and mass were measured, and LV stroke volume (LVSV) was derived 

frommm::: LVLVLVEDEDEDV-VV LVLVLVESV. Each value was also indededexexexed to body surface aarareeea. Cine image 

eeequququences wereee sssteeadaddy-y-y stststatatatee e frfrfreeee ppprerereceeesssion;n;n; tteme pporrral rereresososolululutitt ononon 33355-5 454545mmsec;; ; ececechohoho tttimimimee e 1..404040---

1.545454msmm ec; rereeppep tiittit oono timimime 2.808080-3-3- .08m8m8msssecc;c; fiiieeelddd of viiewww 3338000x3838380m0mmm;m;m; fliippp annnglglgleee 50-6-6-6000
o
).. 
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isocentre of the magnet to minimise any inhomogeneities in the magnetic field. Image 

parameters: temporal resolution 25-55msec; echo time 2.6-3.2msec; repetition time 4.3-7.8msec; 

field of view 320x320mm; velocity window 2.0-2.5m/sec; signal averages: 1 for breath-hold 

sequences, 3 for free-breathing sequences; typical acquisition time 12-16 seconds for breath-hold 

sequences, 2-3 minutes for free-breathing sequences. 

Standard CMR quantification of MR involves the deduction of aortic flow from LV 

stroke volume (LVSV – aortic forward flow). In the absence of inter-ventricular shunting, this 

equates to the volume of mitral regurgitation. This technique is robust in the presence of 

changing degrees of MR during systole, in addition to eccentric and/or mobile mitral regurgitant 

jets. Regurgitant fraction was also determined (regurgitant volume/LV stroke volume x 100%). 

Echocardiography

Transthoracic echocardiograms were acquired for clinical management a mean of 47.1 ±71.6 

days from the baseline CMR scan, according to standard protocols.
18

 The images for the 

prospectively followed subjects (conservative and crossover groups) were re-assessed by the 

researchers, blinded to CMR and outcome data, and determination of the grade of MR on 

echocardiography was made. This was based on multiple two-dimensional imaging parameters, 

as described in the American Society of Echocardiography guidelines.
10

 These were both 

qualitative and semi-quantitative, and quantitative assessments were used wherever feasible 

(including assessment of effective regurgitant orifice area (EROA) by the proximal 

isovolumetric surface area method
19

) if accurate measurements could be obtained.  

Data assessment and statistical analysis 

Receiver operating characteristic (ROC) analysis was used as the initial test to identify the 

imaging parameters with a reasonable ability (area under the curve [AUC] >0.75) to identify 

ets. Regurgitant fraction was also determined (regurgitant volume/LV stroke vollumumumeee x x x 1010100%0%0%).))  d
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patients who would develop symptoms or other indications for surgery during follow up. The 

optimal threshold for sensitivity and specificity was determined using the Youden index. Step-

wise Cox proportional-hazards regression analysis was also performed on these parameters to 

determine which were independent predictors. 

Kaplan-Meier survival curves are more appropriate for assessing the occurrence of events 

over time, and these were generated for parameters with an ROC AUC >0.70 to identify the 

strongest predictors. There are however no existing CMR thresholds for regurgitation severity to 

determine the sub-groups for comparing progression over time. In addition, it is likely that there 

is an increasing (continuous) risk with increasing regurgitation/ventricular size, and a single 

threshold may not necessarily be appropriate. To determine the best cut-off thresholds for 

separating groups, Cox proportional hazards was used, with each parameter investigated 

separately in a univariate Cox model. The factors were dichotomised at different cut-off levels, 

and discrimination was assessed by Harrell’s C and Somers’ D statistics. The cut-off thresholds 

with the highest Harrell’s C and Somers’ D statistics were used to separate groups in the survival 

analyses. 

All analyses were performed with SPSS version 20.0 (SPSS Inc., Chicago, USA) with the 

exception of the ROC analyses which were performed with MedCalc version 9.3.1 (MedCalc 

Software, Mariakerke, Belgium), and the Cox proportional hazards assessment of different cut-

off thresholds, which was performed in ‘R’ version 3.2.3. Values shown are means standard 

deviation and a p-value of <0.05 was considered the threshold for statistical significance. 

Results

109 asymptomatic patients with at least moderate MR on echocardiography were included in the 

hreshold may not necessarily be appropriate. To determine the best cut-off threshhholololdsdsds fffororor 

eparating groups, Cox proportional hazards was used, with each parameter investigated 

epaaarararatetetelylyly iiinnn a ununnivivivariate Cox model. The factorrrss s weww re dichotomised at t t didd fferent cut-off levels, 

ananandd d discriminatititionono wwwaasa aaassssssesesesseseseddd bybyby HaHaHarrrelll’l’l’s CCC annddd Sooomemem rsrsrs’’ D D stsstatatatiisistitiiccsc . Thhe e e ccucut-t-t-ofofoff ff thththrerr shshsholololdsdsds 
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study and followed for up to 8 years (mean 2.5 ± SD 1.9 years; median 1.6 years; 25
th

 percentile 

0.8 years; 75
th

 percentile 3.5 years). Twenty five patients (23%) underwent mitral valve 

repair/replacement during the follow-up period (the ‘crossover’ group), having developed 

symptoms (n=19) or other established echocardiographic indications for surgery (excessive LV 

dilation [ESD >4.0cm], n=4; or pulmonary hypertension [>50mmHg] with a repairable valve, 

n=2). The mean time from CMR scan to the decision on surgery in this group was 1.9 years 

(median: 1.1 years; 25
th

 and 75
th

 percentiles 0.4 and 3.0 years respectively), with 85% of events 

occurring within four years. Seven patients underwent mitral surgery but did not have 

conventional indications, and remained in the ‘conservative’ group, though censored at the time 

of surgery. The surgery in these seven subjects was mainly mitral repair for severe MR but 

without clear indications of adverse prognosis; the mean regurgitant fraction was 36% (range 26-

56%).  

Association with the need for surgery 

The ROC analyses identified several baseline CMR parameters associated with the development 

of indications for surgery (table 1). Quantitative measures of MR (mitral regurgitant volume and 

fraction) both had a high area under the curve (AUC), with good sensitivity and specificity. 

CMR LV volumetric indices also showed good discriminatory ability. LV mass showed some 

predictive power, but this parameter is closely related to LVEDV, and the similar mass:volume 

ratios in all groups (table 2) suggests that LVEDV is likely to be the main determinant of LV 

mass. Cox regression analysis showed independent associations for regurgitant volume (b 

exponent 1.03 [95% CI 1.01-1.05] per ml increase, p=0.01), and for regurgitant fraction (b 

exponent 1.05 [95% CI 1.01-1.09] per % increase, p=0.01) if assessed separately from 

regurgitant volume – this was otherwise too closely related. Assessment of the best dichotomous 

of surgery. The surgery in these seven subjects was mainly mitral repair for severerere MMMR R R bububutt t 

without clear indications of adverse prognosis; the mean regurgitant fraction was 36% (range 26-

56%)%)%).  

AAAsssos ciation wiiiththth tthehee neeeeeedd d fofofor r r suuurgggerrry 
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cut-off threshold for discrimination of the need for surgery was performed for regurgitant 

volume, regurgitant fraction and LVEDVindex. For regurgitant volume, cut-off levels between 

30 and 65 ml were analysed using Cox proportional hazards, and the highest values of the 

Harrell’s C and Somers’ D statistics were associated with a cut-off threshold of 55 ml. For 

regurgitant fraction, cut-off levels between 20 and 50% were investigated, and the optimum cut 

off level was 40%. For LVEDVindex, cut-off levels between 80 and 130 ml/m
2
 were 

investigated, and the optimum cut off level was 100 ml/m
2
. These thresholds were then used to 

separate sub-groups in the survival analyses. 

CMR measures of regurgitation demonstrated substantial separation of groups over time. 

Subjects with a regurgitant volume 55ml had a very high chance of remaining free of symptoms 

or surgery: 95% at the median time (1.6 years) and 91% at 5 years. This contrasted with 54% at 

1.6 years and 21% at 5 years for patients with regurgitant volume >55ml (p<0.0001 by logrank, 

Figure 2a). Similar differences in survival without surgery were seen for regurgitant fraction 

above and below 40%. Inclusion of an additional threshold at a regurgitant fraction of 50% 

however (dividing the cohort into 3 sub-groups of 40%, 41-50% and >50%) revealed a further 

separation in survival without surgery, and we have illustrated this incremental risk of surgery 

with increasing regurgitant fraction in figure 2b. There were no significant differences in survival 

curves amongst the participating centres (p=0.80 by logrank test).  

LVEDV also showed a reasonable association with outcome over time, though slightly 

weaker than for measures of regurgitation (proportions surviving without surgery at the median 

of 1.6 years: 96% for LVEDVi <100ml/m
2
 versus 71% for 100ml/m

2
; p=0.0001), Figure 2c. 

However, stratifying groups by LVEDV in addition to regurgitant volume in the survival 

analysis did not provide any further separation of the curves than those for regurgitant volume 

Subjects with a regurgitant volume 55ml had a very high chance of remaining frerereeee ofofof sssymymymptptptooomsf

or surgery: 95% at the median time (1.6 years) and 91% at 5 years. This contrasted with 54% at 

1.6 yeyeyearararsss ananand dd 21% % % at 5 years for patients with reeegugugurrrgitant volume >55mlmlml (p<0.0001 by logrank, 

FFFiguuure 2a). Siimimimilllarr dididiffffferererenenenceceesss iinin suururvivivival wiww tththoutt sssurgggererery weweweree seeeeeenn fofofor regugugurgrgrgitititananant t t frfrfracaactititiononon

abbbovovove ee and bebebeloll ww w 4404 %%%. IIIncluuusisioonon ooofff aan n n adadadditttioononal thhhressshohooldd attt fff a aa rrregugugurgrr itttannt frfrfracacactionnn ooof 550%%% 

hohohoweweveverr (d(d(diviividididininingg thththee cocohohohorrttt ininintototo 333 ssubbub g-groroupupss ofofof 404040%%%, 444111-505050%%% ananddd >5>5>50%0%0%))) rerevevealalalededed aa fffururthththerer 
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alone, which was a better predictor (Figure 3a). There were only 2 subjects with high regurgitant 

volumes (>55ml) but lower LVEDVi (<100ml/m
2
), suggesting that in almost all cases, once a 

high volume of MR was present, LVEDV was increased (as might be expected).  

Echocardiographic grading of MR performed less well in predicting subjects who 

progressed to surgery, despite the use of quantitative assessment to guide grading where feasible 

(n=53, 49% of the total). Many of those identified as severe MR on Echo had MR volumes on 

CMR <55ml, and remained asymptomatic (n=28). There was much less of a tendency to 

underestimate the MR with Echo (compared to CMR), with only 5 subjects with moderate MR 

on Echo and regurgitant volume >55ml by CMR. Overall, if the CMR threshold of a regurgitant 

volume >55ml is used to define severe MR, 33 subjects (30% of the total) were reclassified by 

CMR compared to echocardiographic grading. The prediction of events using only quantitative 

Echo thresholds for severity (effective regurgitant orifice area above and below 0.40cm
2
) showed 

only modest separation of survival curves (figure 2d), though numbers in this sub-group were 

smaller (n=53), and the difference in outcome was not statistically significant. Using Echo-

derived regurgitant volume >60ml as the threshold provided very similar results (data not shown). 

Furthermore, in both moderate and severe echocardiographic MR sub-groups, there was similar 

separation of survival curves by CMR quantitation (Figure 3b). 65 subjects had follow-up 

echocardiograms during the study period and these were also analysed in the same blinded 

fashion as the initial studies. Nearly all had similar findings to the first scan, with only one 

subject who progressed to surgery showing a change in the grade of MR by Echo (from moderate 

to severe), but this may not be surprising given the tendency for the initial Echo to overestimate 

the severity of MR, highlighted above. 

Comparison with the surgical group 

volume >55ml is used to define severe MR, 33 subjects (30% of the total) were reeeclclclasasassisisifififiededed bbbyyy 

CMR compared to echocardiographic grading. The prediction of events using only quantitative 

Echohoo ttthrhrhreseseshohoholdl s fofofor severity (effective regurgitananntt t ooorifice area above andndnd below 0.40cmff
2
) showed

ooonlyyy modest sepapaparaatiiioonon ooofff ssusurvrvrvivivivalala cccurrrvees (f(f(figgugure 2ddd), thththouououghghgh nnumumumbbebersrsrs iinn thisisis sssububub-g-g-grorr upupup wwwererereee

mmmalalallell r (n=5553)33 , ananand thhhe diffeererenenence iiinnn ooouttct ommmeee wass nnnot t t ststtatisisstiiicacaallllly y y siiigngngnifiicannnt. Usingngng Ecchooo-

dedederiririveveddd reregugurgrgitititananttt vovolullumeme >>>606060mlmlml aass thththee thththrereshshsholololddd prprovovidididededed verery sisisimimimilalalarr reresusultltltss (d(d(datatataa nonottt shshshowownnnn
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Descriptive data from all groups, including the surgical cohort, are shown in table 2. Statistical 

comparisons were not made between groups however, as the time-dependent (i.e. incomplete) 

nature of the separation into conservative and crossover groups would make this statistically 

inappropriate. The surgical cohort showed similar mean mitral regurgitation and LV volumetric 

indices to the crossover group, and both parameters were larger than in the conservative group. 

There were no significant differences in ejection fraction, or RV parameters. Systolic blood 

pressure was lower in the surgical group compared to the conservative one.  

Discussion

The association of mitral regurgitation quantitation with outcome 

Quantifying mitral regurgitation with CMR showed a strong association with the future need for 

surgery over the subsequent 5 years, demonstrating the potential value of this approach. Patients 

already destined for surgery (the ‘surgical’ group) also had measures of mitral regurgitation that 

were similar to the ‘crossover’ group, suggesting that a similar threshold of regurgitation had 

been reached in the surgical group before symptoms occurred. These CMR parameters might 

thus be useful clinical predictors of the need for surgery. In addition to the potential for high 

quantitative indices of regurgitation to identify candidates for early surgery, subjects with lower 

amounts of MR (regurgitant volume 55ml or fraction 40%) had a very low chance of requiring 

surgery over the subsequent few years and could be followed up less frequently, with a 

favourable impact on healthcare resources. We identified the best single thresholds to predict the 

groups with different outcomes, but it is likely that there is an increasing risk with increasing 

values of the parameters, as the separation of the three groups for mitral regurgitant fraction 

illustrate (figure 2b). The thresholds identified in this study should be treated with caution 

The association of mitral regurgitation quantitation with outcome

Quantifying mitral regurgitation with CMR showed a strong association with the future need for 

urgggererery y y ovovovererer tthe subuu sequent 5 years, demonstratititingngng the potential value ooof ff this approach. Patients

alalalreeeady destinededd foor sssurururgegegeryryry (((thththe ‘‘‘suuurgrggicii al’’’ gggroooup)) aaalsooo hahahaddd mmmeasasasurrreses ooofff mmitrrralalal rrregeggurururgigigitatatationonon ttthahahat 

weweereee similararr ttto thhthee e ‘crrrossss oveeer’’’ grgrgrouuuppp, sssuguguggegegesttini g thhhat aaa sssimmmilararar thhhreeseshohh llld of rereregggurgggitititaata ion had 

bebebeenen rreaeachchchededed iiinn thththee susurgrgicicicalalal ggroroupup bbbefefefororee sysympmptototomsms ooccccururrereddd. TTThehehesese CCCMRMRMR ppararamametetetererss mimimighghghttt 
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however, as there are some important limitations to the study. The cohort was only a moderate 

size, and the lack of a separate validation cohort resulted in the optimal cut-off thresholds being 

derived from and applied to the same dataset. The degree of separation between groups is 

therefore likely to be optimistic and may not be as strong in other studies/cohorts. For similar 

reasons, the value of the cut-off threshold should also be treated with caution, and a validation 

cohort would be required to confirm these thresholds. 

The separation of the Kaplan-Meier event curves was slightly less pronounced than in our 

previous work in aortic regurgitation,
14

 and this may be due to a number of factors. Mitral 

regurgitation is dependent on other factors (e.g. fluid balance, filling pressures, LV function), 

and the quantity of MR may vary more widely over a period of time than for aortic regurgitation. 

Thus, a single measurement may show a weaker link with outcome. Secondly, the CMR 

technique for quantification is indirect and relies on both LV stroke volume measurement and 

aortic forward flow quantification, introducing more potential for error, which could also weaken 

the association with outcome. The threshold of regurgitant fraction that best differentiated the 

groups likely to progress to surgery was also higher for mitral regurgitation (40%, versus 33% 

for aortic regurgitation), which may reflect a greater ability of the left ventricle to cope with 

mitral regurgitation before the development of symptoms, particularly as the additional volume 

load is ejected into the low pressure left atrium rather than the high pressure aorta. Our findings 

also suggest that the thresholds for identifying severe mitral and aortic regurgitation should differ. 

There are currently no CMR-specific thresholds, but the AHA-ACC echocardiographic 

thresholds indicating severe regurgitant volume (60ml) and fraction (50%) are the same for both 

valve lesions.
2
 Interestingly, these values are close to the thresholds for the best identification of 

future symptoms in the present study, both for mitral regurgitant volume (55ml) and for fraction, 

and the quantity of MR may vary more widely over a period of time than for aortititiccc rereregugugurgrgrgitititatatatioioion

Thus, a single measurement may show a weaker link with outcome. Secondly, the CMR 

echhnininiququque e e fofofor rr quuuananantification is indirect and reliesss ooonnn both LV stroke volululummme measurement and 

aaoaortttic forwardd ffflololoww quququananantititififificacacatititionnn, ininintrtrtrodduccinii ggg moorrre ppotototenenentititialaa ffforoo eeerrrrororor,, wwhiccch h h cococoulululd dd alalalsoss wwweaeaeakkken

hhhee e asasassociattioioionn wwiw ttht outututcomemee. ThTT e thththreeeshhholddd ooof regugugurggiiitaaant fffracacactiiononon tthahh ttt bbesttt dddifii fereeentntntiatteddd theee 

grgrououpsps lllikikikelelely tototo pprorogrgresesss tototo ssururgegeryry wasas aalslslsoo hihihighghgherer ffforor mmitititraralll reregugurgrgitititatatatioioionn (4(4(40%0%0%, veversrsusus 3333%3%3% 
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especially with the higher rate of progression to symptoms with a regurgitant fraction >50% 

(Figure 2b). For aortic regurgitation however, the AHA-ACC thresholds are somewhat higher 

than the optimal thresholds identified in our previous study (regurgitant fraction 33% or volume 

42ml), which may suggest that different thresholds for each valve lesion and/or CMR-specific 

thresholds should be considered.  

Comparison with LV and RV volumetric indices 

The highly accurate measurements of LVEDV by CMR showed a reasonable association with 

survival without surgery over time, but regurgitation quantification showed a better separation of 

survival curves. Further, combining LVEDV and regurgitant volume sub-groups did not improve 

survival curves over regurgitant volume alone, and subjects with low regurgitant volumes (figure 

3a) had similarly low rates of surgery irrespective of the LVEDVi. This suggests that LVEDV 

may partly be a function of the quantity of regurgitation (supported by the strong association of 

LVEDV with mitral regurgitant volume).
20

 This would be logical given that regurgitation is the 

physiological stimulus for LV dilation in this patient group, though is not conclusively proven 

with our data, and the several subjects with higher LVEDVi but low regurgitant volume (figure 

3a) suggests there are other factors influencing LVEDV. Despite its longstanding use in previous 

guidelines, LVESV did not have a particularly strong association with outcome. However, LV 

volumes and function are important in overall assessment and readily available from a standard 

CMR scan. LV mass showed an apparent association with progression to surgery but this 

parameter is closely related to LV volume and it was not an independent predictor. Other studies 

have not shown any predictive power of wall thickness
21

 and LV mass:volume ratios were 

similar for all three groups in our study, suggesting that there is no excess increase in mass over 

that required for the chamber volume increase, and that the apparent association of LV mass with 

urvival curves over regurgitant volume alone, and subjects with low regurgitant vovovolululumememess s (f(f(figigiguuru e

3a) had similarly low rates of surgery irrespective of the LVEDVi. This suggests that LVEDV 

may y y papapartrtrtlylyly bbbe ee a fufufunncn tion of the quantity of regurgrgrgitititataa ion (supported by thththee strong association of 

LLLVEEDE V withh mmmiiitrral l rereregugugurgrgrgititi anananttt vovovolululummme)).
2000

TTThhih s wowoould d d bebebe lllogogogiccalaa gggiiviveeen nn tthat rrregegegurururgigigitatt tititiononon iiisss thththee e

phhhysysysioii logicacaal l l stimmimulusss fffor LLLV V V didd laatititiononon inn n thhiiis pppatiennnt gggroooupupp,,, thhhouououghhh iiis s nnnott coononccclusivvveeely prprprovennn t

wiiwiththth oourur dddatatataa, aandndnd ttthehehe ssevevereralalal ssubbubjejejectctctss wiiwiththth hihihighghgherer LLLVEVEVEDVDVDViii bubbuttt lololow reregugurgrgitititananttt vovolullumeme (((fififigugurere 
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outcome is likely to be confounded by its close relation to LV volume. The lack of any notable 

association of RV parameters (including volumes and ejection fraction) with outcome, together 

with the similar (normal) values in all three groups, suggests that RV dilation or dysfunction may 

be a late and uncommon occurrence, and may only occur secondary to LV dysfunction and the 

resulting pulmonary hypertension. 

Systemic blood pressure 

Systemic blood pressure was lower in the crossover and surgical groups, which may reflect the 

larger mitral regurgitant volumes (and reduced aortic forward flow) in these groups. It is possible 

the lower blood pressure was a confounding factor that might have increased the chance of 

developing indications for surgery, although no previous study has suggested a causal link 

between blood pressure and the need for surgery in mitral regurgitation. Further, systolic blood 

pressure was not a good discriminator on the initial receiver operating characteristic analysis 

(area under the curve = 0.64). 

Comparison between echocardiography and CMR 

In our study, transthoracic echocardiographic grading showed a more modest ability to 

discriminate between subjects progressing to surgery and those remaining asymptomatic, with 

significant spread of the Echo grades across the conservative and crossover groups, and a 

tendency for Echo to overestimate the degree of regurgitation when compared to CMR. We were 

however only able to apply quantitative Echo grading in ~50% of subjects, and had this been 

possible in all subjects, it may have improved the results for Echo. Previous studies also suggest 

only moderate agreement between CMR and Echo,
22-24

 and limited reproducibility for 

quantitative Echo grading.
25, 26

 This may be in part due to assumptions in the PISA technique 

(the commonest Echo quantitative method). The peak PISA measurement assumes a static 

developing indications for surgery, although no previous study has suggested a cauauausasasalll lililinknknk  

between blood pressure and the need for surgery in mitral regurgitation. Further, systolic blood 

presssususurerere wwwasasas nottt aaa good discriminator on the iniitititiaaalll receiver operating ccchahh racteristic analysis 

aaareeea under thhee ccuc rrve ee = 0.0.0.646464).).). 

CoCoCompmpmparisononon betttwwew ennn eeechococcararrdidiogogograraaphphphy y ananandd CMMMR 

nn oourur sstuttudyddy, trtrtrananstststhohohoraracicicicc ecechohohocacardrdrdioioiogrgrapaphihihicc grgradadadininingg shshshowowededed aa momorere mmodododesesttt abababilililititity tototo 
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degree of regurgitation throughout systole, and this may not hold true for some subjects, 

particularly those with mitral prolapse - this could result in over-estimation of the degree of 

regurgitation.
27

 Other aspects may also reduce the accuracy of PISA Echo quantitation, including 

irregular regurgitant jets (eccentrically-directed, fan-shaped/crescentic, or multiple), non-

hemispheric geometry of the PISA shell and difficulty in identifying the regurgitant orifice.
26-28

 

Although it is acknowledged there is no ideal gold standard for comparison, CMR quantitation of 

regurgitation has shown better intra- and inter-observer variability,
29

 and good agreement with 

in-vitro models
23

 and post-surgical LV remodelling.
24

 

Previous studies of outcome in mitral regurgitation 

Earlier studies examined outcomes after mitral valve surgery, demonstrating poorer 10 year 

survival following the development of symptoms
3
 or LV impairment,

4
 and poorer post-operative 

LV function once pre-operative end-systolic dimension exceeded 5.0cm (an indicator of both 

dilation and reduced function).
30

 These studies informed the current guideline indications for 

surgery in mitral regurgitation
2
 and, like the present study, highlight the value of identifying 

patients prior to symptoms or significant LV dilation/dysfunction. Chronic mitral regurgitation 

also increases left atrial size and can raise pulmonary pressure, resulting in RV dysfunction. Both 

increased atrial size
21, 31

 and reduced RV or biventricular function
32

 have been shown to predict 

medium and long term survival following mitral surgery. Reduced RV function on exercise has 

also shown some association with symptoms and outcome.
33, 34

 The lack of an association of RV 

function with future progression to surgery in our study might indicate that this is a late sign in 

decompensated mitral regurgitation, which is usually absent in an asymptomatic population such 

as ours – several of the previous studies involved patients with symptoms. We also did not assess 

RV function during exercise, and it is unclear whether this might explain some of the difference. 

Earlier studies examined outcomes after mitral valve surgery, demonstrating poorrrererer 111000 yeyeyeararar  

urvival following the development of symptoms
3
 or LV impairment,

4
 and poorer post-operative

LV fffunununctctctioioionnn onoo cecece pppre-operative end-systolic dimememensnsnsion exceeded 5.0cmmm (a(( n indicator of both 

ddidilaaation and reddduucu ededd fffunununctctctioioion)n)n).
303030

TTThehehesesee sstudididiess infforrmeeed d d thththe ee cucucurrrrrennnttt guguguidiidelinnneee ininindididicacacatiiononons ss fofoforrr 

uuurgrgrgeree yy in mmmitititrall l reeegurgrgrgitatiooon
222
 anddd,,, likekeke theee pprer seenttt stututuddydy, hhihighghghliliighhht t tht eee vvaluuue of idededenntn iffyiiing 

papatititienentststs ppriririoror tttoo sysympmptototomsms oorr sisisigngnififificicicananttt LVLVLV dddilililatatatioioion/n/n/dyddysfsfsfununctctctioioionn. CCChrhrhrononicicic mimimitrtrtralalal rregegururgigigitatatatititionon 
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Few studies have predicted outcome (mostly progression to surgery) in an initially 

asymptomatic group of patients. The Mayo Clinic study
11

 showed a significant association of 

quantitative echocardiographic grading with prognosis (both mortality and cardiac events), 

although this study did not specifically assess the progression to cardiac surgery, which was not 

included as a cardiac event. Subjects with moderate MR also had a significant cardiac event rate 

(40%, versus 62% for severe MR), which suggests a weaker ability of quantitative Echo to 

identify patients at risk of events, and highlights the difficulty in separating moderate and severe 

mitral regurgitation in some patients - the very group examined in our study. 

Clinical utility 

Accurate assessment of the severity of mitral regurgitation and LV volumes/function is crucial in 

clinical decision making
7
 and CMR would already seem well suited for this. The additional 

ability to predict the onset of symptoms or other indications for surgery just prior to their 

occurrence would be clinically important, and might identify a suitable cohort for careful 

surveillance and early surgery. Conversely, patients with less severe mitral regurgitation might 

be reassured of the good medium term prognosis, and require less frequent follow-up, thereby 

improving the efficient use of healthcare resources. 

Observational studies have shown better outcomes in patients undergoing early surgery 

for mitral regurgitation,
6, 35

 but their limitations are well recognised. A randomised trial 

comparing early surgery with surgery based on conventional indications is required to 

demonstrate patient benefit, and our study may provide the basis for such a trial, with 

quantitative CMR indices providing the appropriate tool for identifying suitable patients.  

Limitations   

The moderate sample size and relatively small number of events limit the strength of our 

Accurate assessment of the severity of mitral regurgitation and LV volumes/functttioioion n n isisis cccrururucicicialalal in

clinical decision making
7
 and CMR would already seem well suited for this. The additional 

abilititity y y tototo ppprereredidd cttt ttthehh  onset of symptoms or other r r ininindidd cations for surgeryy y jujujust prior to their 

oooccucucurrence wouuulldld be ee ccclinininicicicalalallylyly iiimmpmporoo tatatannt, ananndd d mighghht idddenenentititifyfyfy a suiuu tatatablblble e e coohooortrtrt fffororr cccaraa efefefuuul 

uuurvrvrveiee llanceee aaandd eaara lyy suuru geryryry. CoC nvnvnverrrseeelyy, ,, papapatienntsss wwwiiithhh leeessssss sssevevveereree mimiitrral rrregegegurgigiitatatatttionn mmmighhht 

bebebe rreaeassssururededed oofff thththee gogoododod mmededediuiiumm tetetermrm pprorogngnososisisis, ananddd rereququiririree lelelessss fffrereququenenttt fofofollllllowow-upp, ttthehehererebybby 

 at UNIVERSITY OF LEEDSPERIODICA on May 18, 2016http://circ.ahajournals.org/Downloaded from 



DOI: 10.1161/CIRCULATIONAHA.115.017888 

18 

conclusions, though follow up was for a reasonable period of time (mean 2.5 years, maximum 8 

years). Although the study suggests that CMR may be used to identify candidates for early mitral 

surgery, there is no evidence that operating earlier achieves a clinical benefit. This would require 

a clinical trial, which we strongly encourage. In addition, our thresholds for separating groups 

were derived from a single cohort, without a separate validation cohort to confirm the cut-points 

or the degree of separation. It is likely therefore that the degree of separation between sub-groups 

may be lower than in this study, and/or the thresholds for separating groups may vary. A 

validation cohort would be required to confirm these thresholds. In addition, the use of single 

cut-points to separate groups may underestimate the degree to which there is an incremental risk 

with increasing values of the parameters. Although we only identified further separation with 

multiple thresholds for mitral regurgitant fraction, larger sample sizes and different cohorts may 

reveal an incremental risk for other parameters. 

The lack of blinding to the CMR data in three of the investigating centres may also have 

biased outcome. However, there are no current CMR criteria/thresholds for recommending 

surgery, and we attempted to minimise bias where possible and confirmed that there were no 

significant differences in the association with the progression to surgery between centres. 

Nevertheless, remaining bias is possible, particularly given the subjective nature of symptom 

assessment. 

The echocardiographic studies were acquired for clinical purposes, and it is possible that 

these were not as comprehensive as those performed specifically for a research study might be. 

Every effort was made however to ensure the best quality assessment, including blinded re-

analysis by the researchers. 

This study relies on events over time and it is possible that some subjects assigned to the 

with increasing values of the parameters. Although we only identified further seppparararatatatioioion n n wiwiwiththth 

multiple thresholds for mitral regurgitant fraction, larger sample sizes and different cohorts may 

eveealalal aaan nn ininincrcrcremmmenenntal risk for other parameters. 
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‘conservative’ group were censored before they had developed symptoms. These subjects would 

be likely however to have higher degrees of mitral regurgitation, which would have likely 

resulted in a greater separation between groups if more time had occurred, rather than a reduction 

in the discriminatory ability observed in the study.  

We did not include data on subjects’ medication, and it is possible that outcome may 

have been influenced by this. However, no previous studies have shown a significant effect of 

any drug on outcome in mitral regurgitation. 

 

Conclusions

Quantification of mitral regurgitation with CMR showed a significant association with the future 

need for mitral valve surgery, and was superior to CMR-derived LV volume and 

echocardiographic grading of regurgitation. These CMR parameters might prove useful for 

identifying suitable patients for early mitral valve repair/replacement, and a randomised 

controlled trial is recommended to confirm these findings and determine clinical benefit. The 

same parameters may also be used to identify patients at low risk of future events, potentially 

facilitating reduced frequency of follow up and efficient use of healthcare resources. 
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Clinical Perspective 

Early surgery has been advocated for asymptomatic patients with severe mitral regurgitation if 

valve repair is likely, but identifying suitable patients is difficult as many would remain 

asymptomatic for years without surgery. A greater ability to identify those that might benefit 

from early surgery would be highly advantageous. We assessed the ability of cardiovascular 

magnetic resonance (CMR) quantification of mitral regurgitation to predict the development of 

symptoms or other conventional indications for surgery in the near future, as these patients might 

represent a suitable group for early surgery. 109 asymptomatic patients with echocardiographic 

moderate or severe MR had baseline CMR scans and were followed for up to 8 years. CMR 

quantification showed a strong ability to predict patients who progressed to require surgery: 91% 

of subjects with regurgitant volume 55ml survived to 5 years without surgery compared to only 

21% with regurgitant volume >55ml (p<0.0001); and similar separation was observed for 

regurgitant fraction  below and above 40%. CMR-derived end-diastolic volumes or function did 

not add to the discriminatory power of regurgitant fraction/volume alone but are important for 

overall patient assessment. CMR may thus be able to identify patients likely to develop 

symptoms or other conventional indications for surgery in the near future, who would be an 

appropriate target group for early surgery, to avoid the potential reduced prognosis by the time 

symptoms occur. The clinical benefits of early surgery require confirmation in a clinical trial 

however. 
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Table 1. Receiver operating characteristic (ROC) data. Comparison of the ability of each CMR 

parameter to identify the initially asymptomatic patients who would develop indications for 

surgery, using receiver operating characteristic (ROC) analysis. 

AUC Threshold p Sens (%) Spec (%)

Regurgitant volume (ml) 0.81  (0.72-0.88) > 55 <0.0001 72 87 

Regurgitant volume index (ml/m
2
) 0.79  (0.70-0.87) > 29 <0.0001 78 82 

Regurgitant fraction (%) 0.79  (0.70-0.86) > 40 <0.0001 76 74 

LVEDV index (ml/m
2
) 0.75  (0.65-0.83)  95 <0.0001 91 56 

LV mass  (g) 0.77  (0.67-0.85) > 171 <0.0001 74 73 

LVESV index (ml/m
2
) 0.71  (0.61-0.79) > 36 0.0008 74 68 

LV ejection fraction (%) 0.71  (0.61-0.79) < 65 0.0006 60 76 

RV ejection fraction (%) 0.62  (0.51-0.72) <59 0.08 58 54 
AUC = area under the curve; LV = left ventricular; LVEDV = left ventricular end-diastolic volume; LVESV = left 

ventricular end-systolic volume; RV = right ventricular; p = p value for ROC curve; Sens = sensitivity; Spec = 

specificity; threshold = value for each parameter which best identified the ‘crossover’ group using the Youden index 

for optimal sensitivity and specificity. 
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Table 2. CMR parameters by group. Comparison of CMR parameters between the three groups 

of patients with mitral regurgitation.  

Conservative Crossover Surgical 

Number in group 84 25 43 

Age  (years) 65.1  14.9 63.8  12.6 66.3  7.5 

Proportion of male subjects 0.65 0.76 0.60 

Proportion in atrial fibrillation 0.19 0.32 0.24 

Height  (cm) 172.8  10.1 174.2  10.4 171.3  9.7 

Weight  (kg) 74.8  12.0 75.8  10.6 75.2  14.1 

Body surface area  (m
2
) 1.88  0.18 1.89  0.24 1.91  0.17 

Heart rate (beats/min) 68.5  13.9 67.3  10.3 73.0  13.8 

Systolic BP (mmHg) 143.9  23.1 132.1  20.1 120.9  13.2  

Diastolic BP (mmHg) 77.8  10.8 77.4  8.8 73.9  11.3 

Regurgitant volume (ml) 39.4  20.0 65.9  23.7 70.1  29.5 

Regurgitant fraction (%) 32.1  12.4 45.7  11.7 46.7  14.0 

LVEDV  (ml) 182.7  50.3 224.3  47.8 229.1  49.4 

LVEDV index (ml/m
2
) 97.9  25.1 117.5  23.0 122.1  23.8 

LVESV  (ml) 62.1  26.1 81.8  29.0 82.7  36.7 

LVESV index (ml/m
2
) 33.5  13.8 42.5  13.3 44.2  18.3 

LV Ejection fraction (%) 66.9  7.6 63.9  7.4 64.9  9.3 

LV mass  (g) 144.5  49.9 192.9  46.4 192.9  61.6 

LV mass index (g/m
2
) 76.2  24.6 102.7  23.9 103.4  25.6 

LV mass/LVEDV ratio (g/ml) 0.83  0.27 0.89  0.17 0.87  0.23 

Echo LVEDD  (cm) 5.4  0.8 6.2  0.5 6.1  0.8 

Echo LVESD  (cm) 3.3  0.7 3.6  0.6 3.8  0.9 

Echo ERO (cm
2
) 

‡
 0.58 0.75 0.57 0.28  

Echo regurgitant volume (ml) 
‡
 74.3 73.9 89.3 35.8  

RVEDV (ml) 149.1  45.1 147.2  36.3 154.8  40.7 

RVESV (ml) 66.8  25.7 68.0  26.8 71.4  27.4 

RV ejection fraction (%) 56.0  8.5 54.1  9.9 52.4  11.3 
Values are means ±standard deviation. Note statistical comparisons are not made between groups, as the time-

dependent nature of the allocation to conservative and crossover groups would make this inappropriate. 

Abbreviations same as for table 1 except ERO = effective regurgitant orifice area. ‡ n=53 for these two parameters

Regurgitant fraction (%) 32.1  12.4 45.7  11.7 46.777   141 .0.0 

LVEDV  (ml) 182.7  50.3 224.3  47.8 22229.1.11  494949.4.44 

LVEDV index (ml/m
2
) 97.9  25.1 117.5  23.0 122.1  23.8 

LVESV (ml) 62.1 26.1 81.8 29.0 82.7 36.7

LVESESESV VV ininindededexx x (mmml/l/l/m
2
) 33.5  13.88 42.5  13.3 44.2  18.3 

LVLVLV EEEjection n fffracctititionoo (((%)%)%)  666666.9..   7.7.7.6 636363.9  7.7.7.4 4 4 646464.9  9.9.9.33

LLVL  mass  (g) 1444.5  4999.9 19992..9.   4446.4 192922.999  6111.6 

LVLVLV mmmass indededex ((g//m
2
))) 7666.222  242424.6 10002...7  2223.9 10333.444  2555.6 

LV mmmasasass/s/s/LVLVLVEDDDVVV rararatititioo (g(g(g/ml)l)) 0.838383  0.00 272727 000 8.88999  000.171717 000.88877  0.00 232323 

EEEchhho LLLVEVEVEDDDDDD  (((c ))m) 555.444  000.888 666.222  000.555 666.111  000.888

 at UNIVERSITY OF LEEDSPERIODICA on May 18, 2016http://circ.ahajournals.org/Downloaded from 



DOI: 10.1161/CIRCULATIONAHA.115.017888 

27 

Figure Legends: 

Figure 1. CMR flow measurement in mitral regurgitation. Still frame from steady-state free 

precession cine showing left ventricular outflow tract view in systole with the mitral 

regurgitation jet (arrowed) and the slice location for aortic through-plane flow measurement 

(dashed line). LV = left ventricle, LA = left atrium, Ao = aorta. Mitral regurgitant volume is 

calculated as: LV stroke volume – aortic forward flow.  

 

Figure 2. Surgery-free survival according to mitral regurgitant volume/fraction and LVEDVi. 

Kaplan-Meier graphs for survival without surgery in 109 asymptomatic subjects with at least 

moderate mitral regurgitation initially treated conservatively and followed for up to 8 years, 

stratified by CMR-derived a) mitral regurgitant volume; b) mitral regurgitant fraction; c) LV 

end-diastolic volume index (LVEDVi); and d) echocardiographic effective regurgitant orifice 

area (Echo ERO) <0.40cm
2
 and 0.40cm

2
 (n=53 for this group). 

 

Figure 3. a) Surgery-free survival, stratified by both CMR regurgitant volume and LVEDVi (NB 

there were too few subjects [n=2] with CMR regurgitant volume 55ml and LVEDVi 

100ml/m
2
 and this group was excluded); b) CMR regurgitant volume and echocardiographic 

MR grade. Note: the group with CMR regurgitant volume >55ml and moderate MR on echo 

contains only 5 subjects. 

Kaplan-Meier graphs for survival without surgery in 109 asymptomatic subjects wwwititith hh atatat llleaeaeaststst 

moderate mitral regurgitation initially treated conservatively and followed for up to 8 years, 

tratititifififiededed bbby y y CMCMCMR-R-R-derived a) mitral regurgitant vvvolololuuume; b) mitral regurrrgigigitant fraction; c) LV 

enenenddd-diastolic vooollulumemee iiindnddexexex (((LVLVLVEEEDVDVDVi)i)i); aand dd d))) echhooocarrrdididiogoggrararaphphhicicic efefeffefefecctctivve rereegugugurgrggitititanana t tt oroo ififificicice ee

arreeea (((EcE ho EEEROROR )) ) <<0< .4440cccm
2

aaandndnd  0.0.0.4440cmcmcm
2

(((n=n=n=53 fforr thhhiss s grgrgrouououp)pp ..

 at UNIVERSITY OF LEEDSPERIODICA on May 18, 2016http://circ.ahajournals.org/Downloaded from 



 at UNIVERSITY OF LEEDSPERIODICA on May 18, 2016http://circ.ahajournals.org/Downloaded from 



 at UNIVERSITY OF LEEDSPERIODICA on May 18, 2016http://circ.ahajournals.org/Downloaded from 



 at UNIVERSITY OF LEEDSPERIODICA on May 18, 2016http://circ.ahajournals.org/Downloaded from 



NeubauerM. Francis, Bernard Prendergast, John P. Greenwood, Theodoros D. Karamitsos and Stefan 
Saul G. Myerson, Joanna d'Arcy, Jonathan P. Christiansen, Laura E. Dobson, Raad Mohiaddin, Jane

Resonance Quantitation
Determination of Clinical Outcome in Mitral Regurgitation With Cardiovascular Magnetic

Print ISSN: 0009-7322. Online ISSN: 1524-4539 
Copyright © 2016 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Circulation 
 published online May 17, 2016;Circulation. 

 http://circ.ahajournals.org/content/early/2016/05/13/CIRCULATIONAHA.115.017888

World Wide Web at: 
The online version of this article, along with updated information and services, is located on the

  
 http://circ.ahajournals.org//subscriptions/

is online at: Circulation  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer available in the

Permissions in the middle column of the Web page under Services. Further information about this process is
Once the online version of the published article for which permission is being requested is located, click Request 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.Circulation
 Requests for permissions to reproduce figures, tables, or portions of articles originally published inPermissions:

 at UNIVERSITY OF LEEDSPERIODICA on May 18, 2016http://circ.ahajournals.org/Downloaded from 


