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Aims Chronic primary mitral regurgitation (MR) results in progressive left ventricular (LV) remodelling. Abnormal myocardial 
deformation (strain) can be present despite preserved ejection fraction (EF). Cardiovascular magnetic resonance (CMR) 
feature-tracking techniques allow assessment of global longitudinal strain (GLS) from routine cine images. The aim of this 
study is to evaluate the prognostic value of CMR feature tracking–derived GLS in patients with primary MR.

Methods 
and results

Consecutive patients undergoing CMR for chronic MR from January 2012 to June 2018 were enrolled. Patients with LVEF 
<50% were excluded. The composite primary outcome aiming to detect decompensation related to MR comprised (i) re
ferral for mitral surgery owing to symptoms or LV systolic dysfunction or (ii) cardiovascular death. The secondary outcome 
was all-cause death. A total of 422 patients were followed for a median of 2.7 years, and the primary endpoint was met in 93 
patients (34 patients reported symptoms at baseline). At multivariable analysis, GLS≥ −16.6% was associated with primary 
outcome [hazard ratio (HR) 1.90, P = 0.01]. In moderate MR cohort, patients with GLS≥ −16.6% had worse event-free 
survival, whereas there was no significant difference in mild or severe MR groups. GLS≥ −16.0% remained associated 
with all-cause death after adjusting for other covariates including the MR severity (HR 2.24, P = 0.02).

Conclusion In patients with primary MR with preserved systolic function, GLS was associated with our composite outcomes and all- 
cause death. GLS may serve as a marker of cardiac dysfunction in the patients with primary MR with preserved systolic func
tion allowing identification of patients likely to decompensate during observation.
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Graphical Abstract
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Introduction
Primary mitral regurgitation (MR) is caused by a structural abnormality 
of the mitral valve.1 It is the most common valvular disease in the USA, 
with a prevalence increasing with advanced age and the second most 
common valvular disease requiring intervention, only superseded by 
aortic stenosis.2,3 Chronic MR results in progressive remodelling of 
the left ventricle, manifesting initially as volume overload with preserved 
contractile function. Favourable loading conditions in MR increase left 
ventricular (LV) ejection fraction (EF) but do not affect the extent of 
myocardial shortening.4 Thus, LVEF should be considered a late marker 
of LV dysfunction and a ‘normal’ LVEF may mask subclinical LV dysfunc
tion. The significance of this conundrum is acknowledged in the recently 
published ACC/AHA Guidelines on valvular heart disease which high
light the need for studies examining the role of earlier markers of myo
cardial dysfunction to define the optimal timing of intervention.4

Direct assessment of myocardial fibre deformation with global longi
tudinal strain (GLS) imaging has shown promise in providing diagnostic 
and prognostic information that is incremental to LVEF.5 GLS has been 
recognized as a sensitive marker of LV dysfunction, regardless of LV 
function.6 While GLS is also load-dependent, it evaluates the myocar
dial longitudinal deformation and is more sensitive in identifying myo
cardial dysfunction. The recent development of cardiovascular 
magnetic resonance (CMR) feature-tracking technology shows pro
mises in allowing measurement of longitudinal strain using routine 
cine images in the clinical setting without specialized pulse sequences.7

The underlying principle is based on the recognition of ‘patterns of fea
tures’ or ‘irregularities’ in the image that are tracked and followed in 
successive frames.7 Importantly, this approach can be applied to routine 
cine CMR acquisitions, thus avoiding the need for dedicated pulse 

sequences, which are required for other specialized CMR strain techni
ques. GLS has been shown to provide prognostic value in several clinical 
conditions.8–12 However, the data on prognostic value of GLS in pri
mary MR are scarce and limited to GLS derived from echocardiographic 
technique.13–15 Therefore, the aim of the present study is to evaluate 
the prognostic role of CMR feature tracking–derived GLS in primary 
MR population with preserved systolic function.

Methods
Study population
Consecutive patients undergoing contrast-enhanced CMR for assessment 
of chronic MR at the Houston Methodist Hospital (Houston, TX, USA) 
from January 2012 to June 2018 were enrolled into the DEBAKEY CMR 
Registry (NCT04281823), a prospective longitudinal registry designed to 
assess the utility of CMR in various disease states. We excluded patients 
with the following confounding causes of myocardial structural abnormality 
by clinical history as reported by the patients or available medical records: 
(i) coronary artery disease, (ii) cardiomyopathy, (iii) infiltrative/inflammatory 
heart disease (e.g. amyloidosis, sarcoidosis or myocarditis), (iv) prior cardiac 
surgery, or (v) congenital heart disease. Additionally, patients with the follow
ing findings on CMR were excluded: (i) LVEF < 50%; (ii) coexisting valvular 
disease that was greater than mild in severity (except for tricuspid regurgita
tion that is secondary to MR; all primary tricuspid regurgitations related to 
structural leaflet abnormalities such as endocarditis or carcinoid heart disease 
were excluded); or (iii) greater than mild concentric LV hypertrophy (LV wall 
thickness >1.3 cm and relative wall thickness >0.42). By their inherent nature, 
the aforementioned criteria also excluded patients with secondary MR, thus 
leaving only patients with primary MR in the study cohort. The patient 

Implications of myocardial strain in primary MR                                                                                                                                              127



enrolment process is summarized in Figure 1. The likely aetiology of primary 
MR was deduced using all available medical history and diagnostic testing, in
cluding CMR findings. Mitral valve prolapse was defined as >2-mm displace
ment of any mitral valve scallops into the left atrium, as indicated on a 
three-chamber view.16,17 The study was approved by the institutional review 
board at the Houston Methodist Research Institute, and the patients gave 
written informed consent (IRB number: Pro00001568).

CMR imaging protocol
CMR images were acquired using either 1.5-T or 3.0-T clinical scanners 
(Siemens Avanto, Aera, or Verio; Siemens, Erlangen, Germany) with phased- 
array coil systems. A standard examination consisted of a cine CMR for 
anatomic and functional assessment in a short-axis stack and two-, three-, 
and four-chamber views using a steady-state free-precession sequence 
Additionally, to evaluate mechanism of MR, a high-resolution stack of small 
field-of-view cine CMR of the mitral valve was performed ‘en-face’ along 
with sequential three-chamber views to cover all mitral scallops. Flow 
across the aortic valve was ascertained using phase-contrast imaging. 
Standard late gadolinium enhancement (LGE) CMR identified replace
ment fibrosis using a magnitude and phase-sensitive segmented inversion 
recovery sequence ∼10 min after intravenous gadolinium contrast admin
istration (gadopentetate dimeglumine or gadoterate meglumine, at a 
constant dose of 0.15 mmol/kg). Short- and long-axis LGE images (two-, 
three-, and four-chamber) were acquired in identical orientations to the 
cine images. An electrocardiographically gated modified Look-Locker 
inversion recovery sequence (MOLLI) with motion correction was per
formed at a mid-LV short-axis level in a matching position for pre- and 
post-contrast administration (∼15 min). The pre-contrast MOLLI acquisi
tion was performed using a 5(3)3 sampling scheme, and the post-contrast 
acquisition used a 4(1)3(1)2 sampling scheme.

CMR image analysis
The LV and right ventricular (RV) volumes were measured by planimetry of 
the endocardial borders, on a stack of short-axis cine images covering both 
ventricles from base to apex. Papillary muscles and trabeculae were 

excluded from the LV cavity (i.e. included in LV mass). LV end-diastolic vol
ume, LV end-systolic volume, RV end-diastolic volume, and RV end-systolic 
volume were calculated by summation of these images. Mitral regurgitant 
volume was calculated as the difference between LV stroke volume and 
aortic-forward stroke volume. Mitral regurgitant fraction was calculated 
as follows: mitral regurgitant volume/(LV stroke volume—aortic regurgitant 
volume).18 The presence and extent of replacement fibrosis, as demon
strated by LGE, was assessed in all LV segments according to the ACC/ 
AHA 17-myocardial-segment model by a consensus of two readers who 
were blinded to clinical history and other imaging information. LGE was 
only considered present if it was identified on two contiguous or orthogon
al slices and seen on both magnitude and phase-sensitive image reconstruc
tion. A semi-quantitative method was used to calculate the burden of 
replacement fibrosis as a percentage of the left ventricle. The extent of 
LGE involvement in each 17-LV segment was scored as 0 for no LGE de
tected, 1 for 1–25%, 2 for 26–50%, 3 for 51–75%, and 4 for 76–100%. 
The total per cent LV scar volume was calculated from the summed score 
divided by 68 (maximum score) assuming that each sub-segment equally re
presented 1/68th of the total LV myocardial volume.19 For extracellular vol
ume (ECV) analysis, quantitative parametric images of myocardial T1 were 
generated with manual contouring to define a region of interest in the 
mid-LV septum at the same location for pre- and post-contrast. We ex
cluded areas where LGE or artefacts were present in the septum; for this 
situation, the region of interest was placed in either the anteroseptum or 
inferoseptum where no LGE or artefact was evident. ECV was calculated 
using the following validated formula: ECV = [(ΔR1 myocardium)/(ΔR1 
blood pool) × (1 − Hct)], where Hct refers to the haematocrit recorded 
on a venous blood sample obtained at the time of CMR and ΔR1 = 1/T1 
post-contrast − 1/T1 pre-contrast.

CMR strain analysis
Feature-tracking analysis for assessment of GLS was performed in a core lab 
after the database of clinical, imaging, and follow-up events was locked. The 
analysis was performed by a single physician (SR) who was blinded to all 
other study data. GLS was calculated by averaging the values obtained in 
the apical two- to three- and four-chamber views (18 segments) using 

Figure 1 A diagram depicting patient selection process.
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the Qstrain package (Medis Medical Imaging Systems, Leiden, The Netherlands). 
LV endocardial borders were automatically traced at the end of the diastole; 
subsequently, the software tracked the endocardial layer throughout the car
diac cycle. When necessary, the operator manually adjusted the endocardial 
border (Figure 2). Measurement of GLS required ∼15 min of analysis time per 
case. GLS measurements showed good reproducibility. The Bland–Altman 
analysis of inter-observer repeatability showed a bias of 0.16% (95% limits 
of agreement: −2.08 to 2.40%), whereas the Bland–Altman analysis of 
intra-observer repeatability showed a bias of −0.07% (95% limits of agree
ment: −1.59 to 1.45%).6

Symptoms related to MR and study outcomes
Self-reported symptoms of dyspnoea on exertion or declining exercise tol
erance were obtained from patient interviews at the time of CMR examin
ation. To confirm the clinical significance, as these symptoms can be 
non-specific, we only considered that they were related to MR if the pa
tients were subsequently referred for mitral surgery owing to their symp
toms, or the patient experienced cardiovascular death within 90 days after 
CMR.

All patients regardless of symptoms related to MR at the time of CMR 
were followed longitudinally for clinical events. Our composite primary out
come aiming to detect decompensation related to MR included (i) referral 
for mitral surgery owing to symptomatic MR or progressive LV systolic dys
function or (ii) cardiovascular death that occurred prior to mitral surgery. 
We excluded patients who underwent mitral valve surgery within 30 
days after CMR to avoid potential bias of a predesignated CMR scan ‘en- 
route’ to surgery. The decisions for mitral valve surgical referral were 
made by the treating physicians who were blinded to GLS data. The 

secondary outcome was all-cause death. Follow-up data were collected 
from review of electronic medical record, structured telephone interviews 
with the patients, relatives, and/or their healthcare providers, and the 
National Death Index. For ascertainment of cardiovascular-related death, 
in patients whose cause of death was equivocal, the patient data were pre
sented to an adjudication committee consisting of two board-certified car
diologists blinded to imaging data for further determination. The last round 
of follow-up data collection was performed in January 2020.

Statistical analysis
The patient characteristics were reported as frequencies and proportions 
for categorical variables and as median and inter-quartile range for continu
ous variables. The optimal cut-points of GLS in discriminating primary and 
secondary outcome were determined by the receiver-operating character
istic curve analysis with a Youden index.20 Cox regression modelling was 
conducted to determine the characteristics associated with a higher risk 
of composite events and all-cause death. Variable selection for the models 
was conducted on the basis of established clinically important variables that 
known from prior studies and clinical judgement (a priori selection) and the 
Stata’s Lasso method with the cross-validation selection option.21 To avoid 
over fitting, some variables which were significant in the univariate analysis, 
but insignificant in multivariable modelling, were not selected in the final 
model if their exclusion did not affect the diagnostic performance of the fi
nal model. The discrimination power of predictive models was assessed 
using the C-statistic. The model’s good calibration was determined by a non- 
significant Hosmer–Lemeshow’s goodness-of-fit test. Event-free survival 
for the composite primary outcome was depicted by the Kaplan–Meier 
curves. Differences between subgroups of mitral regurgitant fraction and 

Figure 2 An example of GLS in patients with severe MR. The top panel demonstrates patients with severe MR with preserved GLS that remained 
compensated during follow-up period, whereas the bottom panel demonstrates patients on with worse GLS, despite relatively similar regurgitant vol
ume, decompensated requiring mitral surgery.
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GLS were compared by the log-rank test. All analyses were performed on 
Stata version 17 (StataCorp LLC, College Station, TX, USA). A P-value of 
<0.05 was considered statistically significant.

Results
Baseline characteristics
Following the clinical history screening process, a total of 827 patients 
with chronic MR were enrolled. After excluding patients with imaging 
findings that could represent secondary MR or confounding aetiologies 
for myocardial structural abnormalities, 422 patients remained and 
comprised the primary MR study cohort (Figure 1). Data on the preva
lence of replacement fibrosis and ECV of the patient in the current co
hort were reported in our prior studies.22,23 Imaging was performed 
with 1.5- and 3-T scanners in 147 patients (35%) and 275 patients 
(65%), respectively. Baseline characteristics and CMR data are summar
ized in Table 1 and Supplementary data online, Table S1. Of the total co
hort, 47.9% were men with a median age of 61.8 years (inter-quartile 
51.7, 70.7 years). Mitral valve prolapse was the most common aetiology 
of primary MR (228 patients, 54.0%; posterior mitral leaflet prolapse in 
133 patients, 31.5%) followed by mitral calcification and/or thickening 
resulting in restriction or malcoaptation of leaflets (91 patients, 
21.6%), rheumatic MR (15 patients, 3.6%), prior infective endocarditis 
(7 patients, 1.7%), suspected radiation related or connective tissue dis
ease (3 patients, 0.7%), and indeterminate in 78 patients (18.5%). There 
was a spectrum of MR severity with a median regurgitant volume of 
29.0 mL (inter-quartile 13.0 mL, 52.0 mL) and regurgitant fraction of 
30% (inter-quartile 16.0%, 45%). LGE was found in 90 patients 
(21.3%) with LGE burden of 1.9% ± 0.9% of the left ventricle. The me
dian ECV was 25.8% (inter-quartile 24.2%, 28.1%). The optimal thresh
old of GLS for identifying the primary composite outcome (referral for 
mitral surgery or cardiovascular death) and secondary outcome (all- 
cause death) was −16.6% (area under the curve 0.54, sensitivity 0.46, 
specificity 0.61) and −16.0% (area under the curve 0.60, sensitivity 
0.50, specificity 0.70), respectively (see Supplementary data online, 
Figure S1).

Symptoms and clinical events related 
to MR
Our criteria for symptomatic MR at the time of CMR procedure were 
met in 89 patients. Of them, 88 were referred for mitral surgery and 1 
experienced cardiovascular death within 90 days of CMR. The average 
mitral regurgitant volume and fraction in the symptomatic MR group 
were 68.8 ± 27.0 mL and 51.1 ± 8.8%, respectively. The prevalence of 
symptomatic MR patients was highest in the worst GLS tertile (Figure 3).

During the follow-up period [a median follow-up time 2.7 years 
(inter-quartile 0.5, 4.6 years)], the primary outcome was met in 93 pa
tients (22.0%). Of note, 34 out of 93 patients met our definition of symp
tomatic MR at the time of CMR. Among 93 patients with primary 
outcome, 89 patients were referred for mitral valve surgery and 4 suf
fered cardiovascular death. In the group of 89 patients referred for mi
tral surgery, 72 patients (80.9%) developed symptoms that led to 
referral, whereas 17 patients (19.1%) underwent MV surgery owing to 
progressive LV systolic dysfunction. Of all 89 patients referred for mitral 
surgery, 81 patients underwent mitral repairs, 5 underwent mitral re
placement, and 3 were referred for procedure but declined. The median 
time to composite clinical events was 5.6 months (inter-quartile 2.0, 18.0 
months). Male gender, the severity of MR, presence of mitral valve pro
lapse, ECV, and GLS were found to be associated with a composite of 
referral for mitral surgery and cardiovascular death on multivariable ana
lysis (Table 2 and Supplementary data online, Table S2). Furthermore, 
adding ECV and GLS to traditional parameters (MR severity and LV vol
ume) provided incremental value as demonstrated in Figure 4. Of note, 

the left atrial volume index and RVEF were not included in the final mod
el to avoid overfitting and collinearity, and their exclusion did not impact 
diagnostic performance. In our cohort of patients (all of whom had pre
served systolic function), the presence of LGE and LVEF was not signifi
cantly associated with the primary composite outcome. Kaplan–Meier 
curves for event-free survival from mitral surgery referral and cardiovas
cular death, stratified by severity of MR and GLS of −16.6% as a thresh
old, are demonstrated in Figure 5. Patients with mild MR demonstrated 
favourable event-free survival irrespective of GLS. In patients with mod
erate MR, those with GLS ≥ −16.6% demonstrated worse event-free 
survival, whereas in patients with severe MR, using GLS for stratification 
did not demonstrate statistically significant difference.

All-cause death was found in 32 patients during the follow-up per
iod. Multivariable Cox regression models analysing factors associated 
with all-cause death in primary MR patients are given in Table 3 (uni
variate analysis in Supplementary data online, Table S3). Worsening 

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

Table 1 Baseline characteristics

Total (n = 422)

Clinical variables

Age (years) 61.8 (51.5, 70.7)

Male gender 202 (47.9)

Body surface area (m2) 1.9 (1.7, 2.1)

History of heart failure 52 (12.3)

Diabetes 33 (7.8)

Hyperlipidaemia 170 (40.3)

Hypertension 224 (53.1)

Current smoking 21 (5.0)

Systolic blood pressure (mmHg) 130.0 (120.0, 141.0)

Diastolic blood pressure (mmHg) 75.0 (67.0, 83.0)

Atrial fibrillation 44 (10.4)

Mitral valve prolapse 228 (54)

CMR measures

Left atrial volume index (mL/m2) 61.2 (46.1, 83.8)

LV ejection fraction (%) 65.1 (60.1, 71.0)

LV EDV index (mL/m2) 86.6 (69.3, 105.5)

LV ESV index (mL/m2) 29.9 (21.8, 38.9)

LV mass index (g/m2) 63.3 (53.4, 78.0)

RV ejection fraction (%) 55.0 (50.0, 60.4)

RV EDV index (mL/m2) 77.0 (63.5, 93.5)

RV ESV index (mL/m2) 34.3 (26.5, 45.0)

Mitral regurgitant volume (ml) 29.0 (13.0, 52.0)

Mitral regurgitant fraction (%) 30.0 (16.0, 45.0)

Mitral regurgitant fraction <30% 207 (49)

Mitral regurgitant fraction 30–50% 140 (33)

Mitral regurgitant fraction ≥50% 75 (18)

Presence of LGE 90 (21.3)

Extracellular volume (%) 25.8 (24.2, 28.1)

Global longitudinal strain (%) −17.2 (−19.0, −15.2)

Values are in number (%) for categorical variables or median (inter-quartile range) for 
continuous variables. 
EDV, end-diastolic volume; ESV, end-systolic volume. 
Baseline characteristics stratified by GLS are provided in Supplementary data online, 
Table S1.
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GLS (using GLS ≥ −16.0% as a threshold) remained independently as
sociated with all-cause death after adjusting for other covariates in
cluding the severity of MR.

Discussion
Our study is the first investigation to demonstrate the prognostic rele
vance of CMR-assessed longitudinal function in patients with chronic 
primary MR with preserved EF.

Our data show that CMR feature-tracking GLS is independently as
sociated with composite adverse outcomes and all-cause mortality in 
patients with chronic primary MR with preserved systolic function. In 
addition, GLS provides incremental predictive value over traditional 
parameters.

Knowledge gaps in patients with valvular 
heart disease
Several knowledge gaps in patients with valvular heart disease exist. The 
optimal timing of a valvular intervention remains unknown in patients 
with asymptomatic severe valvular disease or symptomatic moderate 
valvular disease. In patients with MR, a meta-analysis suggests that a 
strategy of early surgery may improve survival and increase the likeli
hood of mitral valve repair compared with watchful waiting strategy.24

However, it is unlikely that all patients will be candidates for earlier 
intervention; thus, identification of the subgroup most likely to benefit 
would be essential for optimal patient management. Newer approaches 
such as early markers of cardiac dysfunction using advanced imaging or 
circulating blood markers to identify high-risk patients are needed. 
Despite LVEF being the conventional echocardiographic parameter 
to estimate LV function, its impairment may be evident at a later stage 
in the disease process. Moreover, it does not take into consideration 
the direction of the blood flow and the intrinsic contractile properties 
of the myocardium. For these reasons, whereas LVEF provides a global 
measure of LV function, it fails to give an accurate estimate of the real 
LV inotropic status and ability to distinguish the longitudinal and circum
ferential functions.

GLS in MR
Likely because of their subendocardial location, the myocardial fibres 
are highly sensitive to disturbance by various noxious stimuli.25 In an ex
perimental model, a rapid reduction in mitral annular motion has been 
demonstrated after ischaemia induction.26 Manaka et al.27 demon
strated that myocardial systolic impairment may occur on the endocar
dial side and extends to the epicardium. Longitudinal function plays a 
fundamental role in cardiac systole by reducing the longitudinal LV 
size as the mitral annulus is pulled towards the apex; in fact, it has 
been demonstrated that longitudinal motion can mobilize as much as 
60% of stroke volume.28

The geometrical change that occurs owing to MR can directly im
pair the longitudinal fibres and may have an impact on LV longitudinal 
function regardless of myocardial contractility. The myocardial fibre 
geometry of the left ventricle changes gradually from a right-handed 
helix in the subendocardium to a left-handed helix in the subepicar
dium.29 Additionally, during the remodelling phase of MR, the LV 
geometry becomes more globular following the LV dilatation. 
Therefore, the alignment of the muscle fibres becomes more trans
verse, preserving the myocardial contractility but impairing the longi
tudinal contraction. Kim et al.30 demonstrated that speckle-tracking 

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

Table 2 Multivariable model demonstrating 
characteristics associated with composite of mitral 
surgery referral owing to symptomatic MR or 
progressive LV systolic dysfunction and cardiovascular 
death

HR (95% CI) P-value

Age (years) 1.01 (0.99, 1.02) 0.55

Male gender 2.04 (1.24, 3.34) 0.01

Systolic blood pressure (mmHg) 1.01 (1.00, 1.02) 0.12

LV EDV index (per 20 mL/m2) 1.22 (0.98, 1.50) 0.07

LV mass index (per 20 g/m2) 0.73 (0.54, 1.00) 0.051

Mitral regurgitant fraction (10% increment) 2.23 (1.77, 2.79) <0.001

Presence of mitral valve prolapse 1.91 (1.05, 3.46) 0.03

Presence of LGE 0.76 (0.47, 1.22) 0.26

Extracellular volume fraction (per 5%) 2.08 (1.30, 3.31) 0.002

GLS ≥ −16.6%a 1.90 (1.22, 2.97) 0.01

C-statistic = 0.89

EDV, end-diastolic volume. 
aGLS of −16.6% was identified as an optimal cut-point for this analysis by a Youden 
index (sensitivity 0.46, specificity 0.61, and area under the curve 0.54). 
Univariable analysis is provided in Supplementary data online, Table S2.

Figure 3 A prevalence of symptomatic MR at the time of CMR stratified by tertile of GLS.
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longitudinal strain becomes depressed earlier than the LVEF in MR co
hort. In patients with MR, a proportion of the regurgitant volume is 
emptied into the left atrium before the aortic valve opens.31 In add
ition, the lower wall stress during early and late systole and the re
duced afterload result in an increased total LV stroke volume.32

These two mechanisms can further mask an existing LV dysfunction 
that LVEF cannot detect but may potentially be uncovered by assess
ment of longitudinal function.

The results of our study compliment previous echocardiography- 
derived GLS investigations in primary MR. Mentias et al.33 showed 
that resting and exercise LV-GLS provided incremental prognostic 
utility in asymptomatic patients with primary MR and preserved sys
tolic function. They also demonstrated that abnormal resting 
LV-GLS was associated with higher mortality in this patient popula
tion.33 In addition, Kim et al.34 have shown that in patients with severe 
primary MR, GLS is an independent predictor of all-cause mortality 
after surgery in comparison with conventional parameters. A recent 
systematic review evaluating the role of echocardiography-derived 
GLS in severe primary MR after mitral repair or replacement con
cluded that impaired baseline GLS was associated with higher mortal
ity rates.35 In patients with secondary MR, Namazi et al.36 showed that 
impaired GLS was independently associated with an increased risk of 
all-cause mortality, whereas LVEF was not. In addition, Kamperidis 

et al.37 concluded that in patients with severe secondary MR, speckle- 
tracking GLS identified more deterioration in LV systolic function than 
LVEF.

Limitations
Valvular patients are frequently referred to CMR as a second-line test, 
and as such, a referral bias might have affected the prevalence of disease, 
comorbidities, and rate of adverse clinical events in the patients in this 
study. Symptoms related to MR reporting by the patients were subject
ive and objective measurement of symptoms such as exercise stress 
testing was not systematically performed in our study. However, 
the addition of other criteria, including surgical referral, although 
it has its own limitation, should minimize and allow us to include pa
tients with clinically relevant MR-related symptoms for further analysis. 
Additional information from echocardiogram, despite beyond the 
scope of current study, would be of value; however, as a referral centre, 
the echocardiograms for many of our patients were performed in the 
referring cardiologist’s office, not available to us, and the reports fre
quently did not include a complete quantification of MR. For these rea
sons, our study did not compare GLS by echocardiogram with GLS by 
CMR, but the future studies that assess this will be important to 

Figure 4 Incremental value of ECV and GLS in predicting composite outcome (mitral surgery referral and cardiovascular death).
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perform. Despite stringent study design, we acknowledged that it may 
not be possible to entirely exclude certain secondary MR such as atrial 
function MR or functional MR in dilated cardiomyopathy with mild sys
tolic dysfunction given that there were some overlap features with our 
primary MR cohorts and transoesophageal echocardiogram was not 
performed in all patients to determine aetiology of MR. However, these 
specific populations should comprise a small fraction of our study given 
that among 78 patients with indeterminate MR aetiology, there are four 
patients with LVEF between 50 and 60% and LV end-diastolic volume 
index >100 mL/m2 and 7 patients with severely enlarged left atrium 
(LA volume index >72 mL/m2). MR severity is known and found to 
be a strong predictor of adverse outcome in our patients with primary 

MR. When the patients were stratified by a severity of MR (Figure 5), a 
statistical significance for association of GLS and our composite out
come only achieved in moderate but not severe MR group despite simi
lar magnitude of the difference between those with a GLS above or 
below −16.6%. The lack of a statistically significance for the severe 
MR group is likely related to a smaller number of subjects in severe 
MR group, and the use of GLS in this population requires further inves
tigation and should not be disregarded. The prognostic and clinical im
plication of GLS in patients with primary MR needs to be confirmed in 
future studies that should emphasize on answering the questions 
whether (i) earlier intervention in patients with MR with impaired 
GLS will successfully improve long-term outcomes, (ii) there is 

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

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

Table 3 Multivariable models demonstrating characteristics associated with all-cause death in patients with primary 
MR

Model 1 (n = 422) Model 2 (n = 422)

HR (95% CI) P-value HR (95% CI) P-value

Age (years) 1.03 (1.00, 1.06) 0.02 1.03 (1.01, 1.06) 0.02

Diabetes 1.83 (0.74, 4.51) 0.19 1.74 (0.69, 4.37) 0.24

Mitral regurgitant fraction (10% increment) 1.33 (1.05, 1.69) 0.02 1.35 (1.06, 1.72) 0.02

Presence of LGE − − 0.76 (0.30, 1.91) 0.56

GLS ≥ −16.0%a 2.23 (1.11, 4.48) 0.03 2.24 (1.11, 4.52) 0.02

C-statistic = 0.73 C-statistic = 0.73

aGLS of −16.0% was identified as an optimal cut-point for this analysis by a Youden index (sensitivity 0.50, specificity 0.70 and area under the curve 0.60). 
Univariable analysis is provided in Supplementary data online, Table S3.

Figure 5 Kaplan–Meier curves for survival free of composite outcome (mitral surgery referral and cardiovascular death).
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inter-vendor variability in GLS measurements, and (iii) the numerical 
thresholds of GLS may trigger earlier mitral intervention.

Conclusion
In patients with primary MR with preserved systolic function, GLS was 
associated with our composite outcomes of mitral surgery referral ow
ing to symptoms or LV systolic dysfunction and cardiovascular death. 
Additionally, GLS is independently associated with all-cause mortality 
in this population. Our findings suggest that GLS may represent a mark
er of cardiac dysfunction in patients with primary MR with preserved 
systolic function allowing for the identification of patients likely to de
compensate during observation.

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