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ABSTRACT

BACKGROUND Clinical outcome and interventional thresholds for degenerative mitral regurgitation (DMR) were

developed in studies of patients at European and American institutions (EAIs), but little is known about patients at Asian

institutions (AsIs).

OBJECTIVES This study sought to contrast DMR presentation/management/outcomes of AsI patients vs EAI patients.

METHODS Patients with DMR due to flail leaflet from Hong Kong and Singapore (AsI cohort, n ¼ 737) were compared

with EAI patients (n ¼ 682) enrolled in the MIDA (Mitral regurgitation International Database) registry with similar

eligibility criteria.

RESULTS AsI patients presented similar DMR lesion/consequences vs EAI patients, but they were younger, with fewer

symptoms (74% vs 44% Class I), more sinus rhythm (83% vs 69%), and lower EuroSCORE II (European System for

Cardiac Operative Risk Evaluation II) (0.9 � 0.5 vs 1.4 � 1.5; all P < 0.0001). Imaging showed smaller absolute left atrial/

ventricular dimensions in AsI patients, belying cardiac dilatation with larger body surface area–indexed diameters (all

P < 0.01). Surgical/interventional mitral repair was similarly predominant (90% vs 91%; P ¼ 0.47), and early repair was

similarly beneficial (for AsI patients, adjusted HR: 0.28; 95% CI: 0.16-0.49; for EAI patients, HR: 0.32; 95% CI: 0.20-

0.49; both P < 0.0001). However, AsI patients underwent fewer interventions (55% � 2% vs 77% � 2% at 1 year;

P < 0.0001) and incurred excess mortality (adjusted HR: 1.60 [95% CI: 1.13-2.27] vs EAI patients; P ¼ 0.008) at long-

term postdiagnosis. Propensity score matching (434 patient pairs), which balanced all clinical characteristics, confirmed

that there was undertreatment and excess mortality in the long term in AsI patients with DMR (P < 0.0001).

CONCLUSIONS Imaging may underestimate volume overload in AsI patients due to smaller cardiac cavities related to

smaller body size compared with EAI patients with similar mitral lesions and DMR severity. AsI patients enjoy similar

mitral repair predominance and early intervention benefits but undergo fewer mitral interventions than EAI patients and

incur subsequent excess mortality, suggesting the need to account for imaging and cultural specificity to improve DMR

outcomes worldwide. (JACC: Asia 2024;-:-–-) © 2024 The Authors. Published by Elsevier on behalf of the American

College of Cardiology Foundation. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
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D
egenerative mitral regurgitation

(DMR) is a progressive disease and

when severe is associated with

excess mortality and morbidity with medical

management.1-4 Recent studies in Europe

and the United States have demonstrated a

disturbing trend toward undertreatment,

even in symptomatic patients and in major

institutions.3,5 These clinical registries of

DMR outcomes in routine clinical practice

have provided important support for guide-

line criteria/thresholds6,7 and emphasized

the profound impact of mitral repair8 and

early repair9 approaches on clinical outcomes.

However, there are important and unresolved is-

sues regarding DMR among patients diagnosed in

Asia. Indeed, European and U.S. guidelines include

left ventricular end-systolic diameter (LVESD) as a

Class I criterion for surgery, but only as absolute

dimension without accounting for body size, which

hinders the care of women with DMR,10 and may be

relevant to our patients of generally smaller body

sizes in Asia. Furthermore, for DMR management and

outcome, most studies were conducted in Europe and

the United States,9,11 with little information on clin-

ical management and outcomes of DMR in cohorts

recruited from Asia. While benefits of early DMR

repair in Asian observational studies for patients

older than 50 years of age12 appear similar to U.S. and

European Union patients, whether these aggressive

therapeutic approaches are implemented in routine

practice is uncertain. More generally, studies

describing DMR imaging features, management, and

outcomes in Asian populations are lacking.9,13-16

Hence, the pertinence of current guidelines to pa-

tients diagnosed in Asia remains uncertain and war-

rants careful assessment to ensure that clinical

recommendations are applicable to worldwide pop-

ulations for optimal outcomes.

To address these gaps in knowledge, we gathered

from our practices 2 large populations of patients

with DMR due to flail leaflet from Hong Kong and

Singapore, summarily called the Asian institution

(AsI) cohort. To provide a comparison for our pa-

tients, we obtained control subjects with similar

DMR and similar definition of valve lesion enrolled

in the largest international multicenter European

and American institutions (EAIs) (ie, the MIDA

[Mitral regurgitation International Database] regis-

try). Thus, these cohorts provide similarly defined

DMR patients, enrolled by similarly trained physi-

cians, within EAI countries of similar economic

status/standards of living/access to treatment akin

to those in Hong Kong and Singapore. We aimed

at comparing imaging features, management, and

outcomes of patients in our AsIs vs those in EAIs,

diagnosed with similar DMR.

METHODS

STUDY DESIGN. Patients with DMR recruited in 1

center in Singapore (National Heart Centre Singapore)

and 1 center in Hong Kong (Prince of Wales Hospital,

the Chinese University of Hong Kong) were compared

with patients with a similar definition of DMR due to

flail leaflet enrolled in the MIDA registry. Both hos-

pitals in Hong Kong and Singapore are tertiary in-

stitutions providing health care services to over 40%

of the local Asian populations affected by DMR in

their respective regions.17,18 The MIDA registry sys-

tematically merged the consecutive experience with

patients diagnosed with DMR due to flail mitral leaf-

lets in tertiary centers: 2 in France (university hos-

pitals in Amiens and Marseille), 3 in Italy (university
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hospitals in Bologna, Ancona, and Modena), 1 in

Belgium (university hospital in Brussels), and 1 in the

United States (Mayo Clinic in Rochester, Minnesota).

All centers provided approval from ethics boards and

Institutional Review Boards, which waived the

informed consent requirement in some centers. Spe-

cifically, as prescribed by European law, no ethnic/

racial identification was abstracted. Patients were

identified retrospectively, and their clinical data,

stored in the clinical and echocardiographic re-

positories, were accessed electronically without

alterations.

PATIENT POPULATION. The inclusion/exclusion

criteria of the AsI cohort and the MIDA registry

were similar and have been previously described

(Supplemental Appendix).2,9,11,19 For the present

study, to improve enrollment homogeneity between

the AsI and EAI cohorts, the enrollment period was

set between January 1, 2005, and December 31, 2014,

for both cohorts.

ECHOCARDIOGRAPHY. Transthoracic echocardiog-

raphy was performed in routine clinical practice in

each academic center, and measurements were

guided by American Society of Echocardiography

guidelines as previously described (Supplemental

Appendix).20,21

FOLLOW-UP AND OUTCOME MEASURES. The end-

points collected were: 1) performance/type of inter-

ventional/surgical treatment of DMR; and 2)

occurrence of death, overall after diagnosis and

postoperatively. Patients were followed by their pri-

mary physicians at participating or referral in-

stitutions. Data were collected through direct review

of clinical records, patient interviews, and/or follow-

up letters and questionnaires. Follow-up data

collection up to 2019 was complete for >95% of

enrolled patients in each center.

STATISTICAL ANALYSIS. Data are presented as mean

� SD, median (Q1-Q3), or percentage as appropriate.

Group comparisons used Student’s t test, the Mann

Whitney U test, or the chi-square test, as appropriate.

Outcomes were displayed using the Kaplan-Meier

method for incidence of mitral intervention and for

survival including postoperative survival and

compared using the log-rank test. Age-adjusted sur-

vival curves obtained by direct adjustment to the age

at diagnosis were compared between AsI patients and

EAI patients. To analyze the impact of mitral in-

terventions on survival, landmark analysis and

compared early mitral intervention (within 3 months

of diagnosis) vs medical management, excluding

patients deceased or censored prior to the 3-month

landmark.22,23 Mitral interventions’ impact on

outcome was also analyzed as a time-dependent

variable within the entire follow-up. In view of ex-

pected baseline differences between cohorts, multi-

variable Cox proportional hazards models with

comprehensive adjustment determined the indepen-

dent associations of patients’ institutional origin

(AsIs vs EAIs) with endpoints of mitral intervention

and survival including postoperative survival. To

ensure balance of clinical baseline characteristics

between cohorts, we also performed greedy nearest-

neighbor propensity score matching using logistic

regression between AsI patients and EAI patients

(Supplemental Appendix) and then compared the

matched subcohorts for clinical outcome. Clinical

outcome differences are presented as HRs between

AsI patients and EAI patients with 95% CIs. Data were

analyzed with the SPSS 23 (IBM), SAS and JMP 14 (SAS

Institute), and MedCalc version 16.2.0 (MedCalc)

software packages.

RESULTS

BASELINE CHARACTERISTICS. In the selected time

frame, 737 patients were identified from AsIs and 682

patients were obtained for comparison from EAIs,

providing a total of 1,419 patients with DMR due to

flail leaflet.

Overall baseline characteristics (Table 1) were

typical of DMR (age 63 � 13 years, male 72%), were

mostly asymptomatic or mildly symptomatic at

diagnosis, and were with the flail leaflet mostly

affecting the posterior leaflet causing mostly severe

DMR with dilated left ventricle (LV) and left atrium

(LA).

Comparison of AsI patients and EAI patients

(Table 1) showed profound (anterior flail location,

DMR severity, systolic pulmonary artery pressure; all

P > 0.10) or close (posterior flail location) imaging

similarities of valvular lesions/consequences. Simi-

larly, DMR quantitation (performed when judged

necessary: 191 AsI patients, 399 EAI patients) showed

close regurgitant volume (83 � 28 mL/beat vs 90 �

49 mL/beat; P > 0.10), well within the severe DMR

range. Clinically, male predominance was identical in

both populations, but AsI patients were younger with

different distributions of risk factors and associated

conditions. Consistent with younger age at diagnosis,

the burden of comorbidity was lower (lower Euro-

SCORE II [European System for Cardiac Operative

Risk Evaluation II]) and more patients were
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asymptomatic or in sinus rhythm among AsI patients

(all P < 0.0001). Morphometric data showed consid-

erably different body habitus with smaller height and

weight in AsI patients, resulting in smaller body sur-

face area than EAI patients (1.7 � 0.2 m2 vs 1.9 �

0.2 m2; P < 0.0001). Imaging showed also consider-

able morphometric differences at diagnosis: LV and

LA sizes were much smaller in AsI patients, while the

difference in left ventricular ejection fraction (LVEF)

was statistically but not clinically significant. Thus,

LVESD $40 mm was observed in 16% of AsI patients

vs 24% of EAI patients (P < 0.001), and LV mass

was also smaller in AsI patients. Nevertheless, after

normalizing to body surface area, indexed LV and

LA sizes were larger in AsI patients; the LV mass

index difference was greatly attenuated (Central

Illustration). Hence, the extent of cardiac remodeling

related to DMR was significantly underestimated

in AsI patients. However, taking into account

smaller body size of AsI patients, it became evident

that these patients experienced a substantial volume

overload.

CLINICAL OUTCOMES. Mitral valve interventions

after diagnosis. During follow-up, 1,012 patients un-

derwent mitral valve intervention, 65% among AsI

patients and 79% among EAI patients (P < 0.0001).

The median time from diagnosis to intervention was

42 days (Q1-Q3: 7-183 days) in AsI patients vs 24 days

(Q1-Q3: 3-61 days) in EAI patients (P < 0.0001). The

TABLE 1 Baseline and Echocardiographic Characteristics of the Study Population

Total

(N ¼ 1,419, 100%)

AsI Patients

(n ¼ 737, 52%)

EAI Patients

(n ¼ 682, 48%) P Value

Clinical characteristics

Age at diagnosis, y 63 � 13 61 � 12 66 � 14 <0.0001

Men 72 71 74 0.20

NYHA functional class

I 844 (60) 544 (74) 300 (44) <0.0001

II 401 (28) 120 (16) 281 (41)

III 140 (10) 61 (8) 79 (12)

IV 32 (2) 10 (1) 22 (3)

Sinus rhythm at diagnosis 1,079 (76) 609 (83) 470 (69) <0.0001

Hypertension 642 (46) 388 (54) 254 (37) <0.0001

Diabetes mellitus 142 (10) 85 (12) 57 (8) 0.02

Dyslipidemia 488 (35) 251 (35) 237 (35) 0.80

History of CAD 377 (27) 162 (22) 215 (32) <0.0001

EuroSCORE II 1.13 � 1.2 0.9 � 0.5 1.4 � 1.5 <0.0001

Morphometric characteristics

Weight, kg 72 � 19 64 � 17 80 � 18 <0.0001

Height, cm 168 � 11 163 � 9 174 � 10 <0.0001

Body surface area, m2 1.8 � 0.3 1.7 � 0.2 1.9 � 0.2 <0.0001

Heart rate, beats/min 76 � 18 88 � 23 73 � 15 <0.0001

LA diameter, mm 48 � 9 48 � 12 48.9 � 5 0.03

Indexed LA diameter, mm/m2 27 � 7 29 � 8 26 � 4 <0.0001

LVEDD, mm 55 � 8 52 � 8 58 � 7 <0.0001

Indexed LVEDD, mm/m2 31 � 5 31 � 6 30 � 4 0.001

LVESD, mm 35 � 8 33 � 9 36 � 7 <0.0001

Indexed LVESD, mm/m2 20 � 5 20 � 6 19 � 3 <0.0001

LVEF, % 62 � 9 62 � 9 63 � 9 <0.0001

Ventricular septal thickness, mm 10 � 2 10 � 2 11 � 2 <0.0001

LV mass, g 229 � 88 207 � 94 255 � 71 <0.0001

Indexed LV mass, g/m2 127 � 45 123 � 54 131 � 31 0.002

RVSP, mm Hg 42 � 17 42 � 17 42 � 17 0.70

Severe mitral regurgitation 1,226 (88) 619 (86) 607 (89) 0.10

Isolated anterior leaflet flail 196 (14) 107 (15) 88 (13) 0.20

Isolated posterior leaflet flail 1,132 (80) 610 (83) 522 (77) 0.004

Values are mean � SD, %, or n (%).

AsI ¼ Asian institution; CAD ¼ coronary artery disease; EAI ¼ European and American institution; EuroSCORE II ¼ European System for Cardiac Operative Risk Evaluation II;

LA ¼ left atrial; LV ¼ left ventricular; LVEDD ¼ left ventricular end-diastolic dimension; LVEF ¼ left ventricular ejection fraction; LVESD ¼ left ventricular end-systolic

dimension; RVSP ¼ right ventricular systolic pressure.
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proportion of patients undergoing mitral surgery/

intervention who received mitral repair was high and

was similar in AsI and EAI patients (90% vs 91%;

P ¼ 0.47), including 10 AsI patients who underwent

percutaneous edge-to-edge-repair.

Figure 1 shows cumulative incidence of mitral

intervention, which was lower in AsI patients

than EAI patients at all times and was delayed

(P < 0.0001). Throughout the entire follow-up, AsI

patients had a 41% lower probability of undergoing

mitral valve intervention (HR: 0.59; 95% CI: 0.52-

0.67; P < 0.0001). This association persisted after

multivariable adjustment (Table 2), including

comprehensive adjustment (adjusted HR: 0.50;

95% CI: 0.42-0.47; P ¼ 0.0001).

In patients who underwent mitral interventions,

76 postoperative deaths were recorded, with similar

rates of post–mitral intervention mortality in AsI and

EAI patients (Figure 2) even after adjustment for age,

sex, and EuroSCORE II (adjusted HR: 1.46; 95% CI:

0.88-2.42; P ¼ 0.14).

Association of early mitral intervention and mortality.

Landmark analysis was performed to evaluate the

effect of early intervention (<3 months) compared

with initial conservative management on overall

survival (Figure 3). Five years after diagnosis, survival

was much higher after early intervention than with

initial conservative management (96% � 1% vs 84% �

2%; P < 0.0001). Both in the overall cohort and in AsI

patients and EAI patients separately, the beneficial

effect of early intervention was maintained

throughout follow-up (Figure 4). After adjustment for

age, sex, EuroSCORE II, institutional origin (AsI vs

EAI), NYHA functional class, sinus rhythm, coronary

artery disease history, LVEF, indexed LVESD, and

right ventricular systolic pressure, mitral interven-

tion as a time-dependent variable was associated

with reduced mortality (adjusted HR: 0.47;

CENTRAL ILLUSTRATION Continued

Imaging diagnosis of degenerative mitral regurgitation (DMR) due to flail mitral leaflet (top left) is similar with similar flail location and DMR severity, but striking

differences at presentation mostly relate to smaller body size in Asian institutions (AsIs) (red) vs European and American institutions (EAIs) (blue) centers (top right,

2 bar graphs) that may lead to underestimation of volume overload. The impact of early mitral intervention on survival (lower row, right) is similar, but rates of mitral

interventions in Asians (lower row, middle) are markedly lower. The long-term outcome shows age-adjusted excess mortality in Asians (lower row, left). LA ¼ left

atrial; LVEDD ¼ left ventricular end-diastolic dimension; LVEF ¼ left ventricular ejection fraction; MR ¼ mitral regurgitation; RVSP ¼ right ventricular systolic

pressure.

FIGURE 1 Cumulative Incidence of Mitral Valve Intervention

Rates of mitral intervention after diagnosis indicated over the first 5 years of follow-up (left) and expanded during the first year postdiagnosis

(right). Note that among Asians there were fewer mitral interventions, particularly in the first year postdiagnosis, with the later interventional

rate flatter than in Westerners. AsI ¼ Asian institutions; EAI ¼ European and American institutions.
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95% CI: 0.32-0.68; P < 0.0001) confirming the benefit

of mitral surgical/interventional treatment. This

strong association was maintained after stratification

by origin (Table 3), in AsI patients (adjusted HR: 0.26;

95% CI: 0.14-0.47; P < 0.0001) and in EAI patients

(adjusted HR: 0.24; 95% CI: 0.15-0.39; P < 0.0001).

Furthermore, early intervention was an independent

determinant of survival in comprehensively adjusted

multivariable analysis (adjusted HR: 0.27; 95% CI:

0.37-0.53; P < 0.0001) without interaction with pa-

tients’ origin (P ¼ 0.53). All analyses were repeated

excluding patients who underwent percutaneous

edge-to-edge-repair, and results were unaffected.

LONG-TERM SURVIVAL. During follow-up of 5.4 �

2.8 years (median 5.5 years [Q1-Q3: 3.6-7.4 years]),

232 deaths were recorded. The overall survival at 5

and 10 years among AsI patients was 93 � 1% and 60 �

4%, while among EAI patients, it was 85% � 1% and

74% � 3%, respectively (P ¼ 0.21). However, age-

adjusted survival curves demonstrated excess mor-

tality in AsI patients (likelihood ratio P ¼ 0.0042)

once the baseline age difference between cohorts was

accounted for (Figure 5). Adjustment for age, sex,

EuroSCORE II, NYHA functional class, sinus rhythm,

prior history of coronary artery disease, LVEF,

indexed LVESD, and right ventricular systolic pres-

sure confirmed independent association between AsI

patients and overall excess mortality vs EAI patients

(Table 2).

To further evaluate the impact of early interven-

tion vs comorbidity on AsI patients excess mortality,

we added early intervention to the comprehensive

model for overall survival and observed that early

intervention not only remained highly significant

(P < 0.0001), but also reduced the HR attached to AsI

patients from 1.60 to 1.15, which became nonsignifi-

cant, demonstrating the strong association of low

early surgery performance and excess mortality in AsI

patients.

PROPENSITY SCORE-MATCHED COHORTS. To examine

AsI and EAI with as balanced as possible baseline

characteristics, greedy propensity score matching of

the AsI and EAI cohorts based on an extensive list of

covariates was conducted (Methods and

Supplemental Appendix). Matching was highly suc-

cessful, with 434 patient pairs demonstrating near

equalization of baseline variables, particularly age,

after matching (Supplemental Figure 1). All clinical

characteristics (even those not matched for) dis-

played no significant differences (Supplemental

Table 1), while morphometric data showed the ex-

pected persistent body size and absolute heart size

differences (Supplemental Table 1). Thus, matched

for all clinical characteristics, AsI patients displayed

similar morphometric differences (Table 1,

Supplemental Table 1), similar undertreatment by

mitral interventions (Supplemental Figure 2), and

similar excess mortality (Supplemental Figure 3) as

the overall cohort.

TABLE 2 Relative Risk of Mitral Valve Intervention and Overall Death for AsI Patients vs EAI Patients

Mitral Intervention Overall Death

HR (95% CI) P Value HR (95% CI) P Value

Model 1 (unadjusted) 0.58 (0.51-0.66) 0.0001 0.85 (0.65-1.10) 0.21

Model 2 (adjusted for age, sex, EuroSCORE II) 0.50 (0.44-0.57) 0.0001 1.40 (1.05-1.85) 0.02

Model 3 (adjusted for age, sex, EuroSCORE II, NYHA, sinus rhythm, history of CAD) 0.55 (0.48-0.62) 0.0001 1.56 (1.17-2.10) 0.003

Model 4 (adjusted for age, sex, EuroSCORE II, NYHA, sinus rhythm, history of CAD, LVEF, indexed LVESD, RVSP) 0.50 (0.42-0.47) 0.0001 1.60 (1.13-2.27) 0.008

Abbreviations as in Table 1.

FIGURE 2 Postoperative Survival After Mitral Valve Intervention

Survival rates after mitral interventions are similar in Asians and Westerners and remain

so even after comprehensive adjustment. Abbreviations as in Figure 1.
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PATIENT AND PUBLIC INVOLVEMENT. This was a

retrospective evaluation of standard care and

routinely collected data. Therefore, no patients or

members of the public were directly involved.

DISCUSSION

By analyzing patients diagnosed with DMR in AsIs

and comparing them with a large cohort with the

same imaging diagnosis of DMR due to flail leaflets in

EAIs with a similar socioeconomic environment, this

study provides unique and new insights. Imaging

shows striking similarities between AsI patients and

EAI patients, in terms of mitral regurgitation cause

and mechanism (flail segment) of DMR severity and

hemodynamic consequence on pulmonary hyperten-

sion. The most striking baseline differences are

morphometric, with smaller body size in AsI patients

FIGURE 3 Effect of Early Surgery and Long-Term Survival in Landmark Analysis

Survival beyond the first 3 months postdiagnosis according the treatment indicated during the first 3 months. The gray shaded area marks the

landmark time set at 3 months from diagnosis. Note the markedly superior survival after early surgery that persists even after comprehensive

adjustment.

FIGURE 4 Survival by Early Surgery Stratified by Origin in Landmark Analysis

Survival beyond the first 3 months postdiagnosis is presented comparing those receiving early surgery with those followed conservatively

during the first 3 months postdiagnosis in Western (left) and Asian (right) institutions. The gray shaded area marks the landmark time set at

3 months from diagnosis. Note that the survival benefit associated with early surgery is similar in both cohorts. The dark red line indicates

conservative. Abbreviations as in Figure 1.
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and considerably smaller absolute values of LV and

LA dimensions in AsI patients despite similar DMR

severity, and far from guideline-based thresholds.

However, normalized to body size, the LA and LV

were larger in AsI patients, demonstrating volume

overload severity and the need to account for body

size. In terms of treatment effectiveness, repair in-

terventions predominated similarly, and when per-

formed, provided similar survival benefit in AsI

patients and EAI patients. Notwithstanding, we

demonstrate for the first time that management is

very different in our cohorts of AsI patients, with

considerably fewer and delayed mitral interventions

compared with EAI patients. Consequently, outcome

is ultimately affected, with long-term excess mortal-

ity in AsI patients. Multivariable analysis and pro-

pensity score matching, adjusting for and balancing

clinical characteristics, confirmed both undertreat-

ment and excess mortality in AsI patients. Therefore,

DMR imaging and management should account for

TABLE 3 Mitral Intervention Impact in Time-Dependent Analysis on Overall Survival in the Total Cohort and by Origin

Mitral Interventions as Time-Dependent Exposure

Total Cohort AsI Patientsa EAI Patientsa

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

Model 1 (adjusted for age and sex) 0.32 (0.24-0.43) <0.0001 0.37 (0.24-0.57) <0.0001 0.30 (0.20-0.45) <0.0001

Model 2 (adjusted for age, sex, EuroSCORE II, AsI patients origin) 0.33 (0.23-0.43) <0.0001 0.34 (0.23-0.55) <0.0001 0.32 (0.21-0.48) <0.0001

Model 3 (adjusted for age, sex, EuroSCORE II, AsI patients origin,

NYHA functional class, sinus rhythm, history of CAD)

0.31 (0.27-0.43) <0.0001 0.29 (0.19-0.47) <0.0001 0.27 (0.18-0.43) <0.0001

Model 4 (adjusted for age, sex, EuroSCORE II, AsI patients origin,

NYHA functional class, sinus rhythm, history of CAD, LVEF, indexed

LVESD, RVSP)

0.47 (0.32-0.68) <0.0001 0.26 (0.14-0.47) <0.0001 0.24 (0.15-0.39) <0.0001

aNot adjusted for institutional origin. P for interaction institutional origin/time to surgery in adjusted models ¼ NS.

Abbreviations as in Table 1.

FIGURE 5 Age-Adjusted Survival After DMR Diagnosis in AsI Patients and EAI Patients

The age-adjusted survival after degenerative mitral regurgitation (DMR) diagnosis is similar during the first 5 years of follow-up, but

secondarily, high-mortality rates observed in As-I patients yields overall excess mortality in this cohort confirmed in multivariable analysis.

Abbreviations as in Figure 1.
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these specificities and strive toward early mitral in-

terventions and optimal outcomes in patients with

DMR worldwide.

DMR HETEROGENEITY. Little is known on mecha-

nisms of myxomatous degeneration causing DMR and

possible population differences. For example, women

with mitral valve prolapse present with mitral lesions

distributed differently than men.10 Despite similar

flail mechanism and DMR severity, presentation at

younger ages in AsI patients questions potentially

faster progressing myxomatous degeneration. The

younger age of patients with mitral regurgitation in

Asia in various geographic locations12 is quite notable

vs similar studies in EAI patients.9 Previous DMR

studies demonstrated distinct genetic expression

patterns in mitral tissue,24,25 but contrasting analysis

by geographic locations is yet unavailable. Hence, it is

currently uncertain whether younger age of AsI pa-

tients results from true biological difference, and

future studies involving systematic analysis of

myxomatous degeneration and mitral prolapse

development in population-based settings are war-

ranted. The age difference between AsI patients and

EAI patients may reveal referral differences5 based

partly on cultural differences and the concept of

“elderly” being not identical worldwide. Therefore, in

parallel to exploring biological DMR mechanisms, it is

also essential to better understand referral patterns,

both in AsI patients and in EAI patients, to minimize

undertreatment of DMR worldwide.3

DMR MANAGEMENT AND OUTCOMES. A remarkable

finding of our study is that AsI patients enjoy simi-

larly high rates of mitral repair and similarly good

postintervention survival as EAI patients with similar

DMR definition, robustly supported by landmark

analysis showing similarly high early repair survival

benefit. Hence, there is no doubt that early repair

benefit is of similar and attractive magnitude in both

populations and that DMR undertreatment in our AsI

patients is strongly linked to overall excess mortality.

Indeed, our study demonstrates for the first-time

differences in DMR management, with mitral inter-

vention rates being much lower/delayed in AsI pa-

tients, with considerable gap within the first year,

only minimally attenuated later. Ultimately, AsI pa-

tients incur excess mortality vs EAI patients in the

long term after diagnosis. Previous long-term cohorts

demonstrated that, apart from patients with heart

failure symptoms, excess mortality takes many years

to become significant,1-4 explaining the very pro-

gressive benefit observed with early surgery,9 similar

to our study. Thus, it is not surprising that restoration

of life expectancy by mitral surgery in EAI patients

and excess mortality related to aging and under-

treatment in AsI patients yield a survival curve

crossing after several years of follow-up, emphasizing

the importance of long-term follow-up to uncover

management consequences. Indeed, it is quite

remarkable that including early surgery in survival

models yields a notable reduction of excess mortality

hazards in Asians, meaning that excess mortality in

our AsI vs EAI cohorts is mostly explained by man-

agement differences (early mitral intervention).

While comorbidity-linked mortality may be a

concern, lower EuroSCORE II in AsI patients, similar

postoperative survival, and persistent excess mor-

tality in AsI patients after matching for comorbidities

strongly argue against this concern. Thus, in our

study all data, adjusted and matched analyses

converge toward linking persistent excess mortality

among AsI patients and their notable DMR under-

treatment. While geographical deficiencies in cardiac

surgery availability exist,26 these are mostly affecting

low-income countries, and are not relevant to Hong

Kong and Singapore, making this potential explana-

tion unlikely.

Other determinants may affect lower interven-

tional rates. Clinical guidelines during the study6,7

placed as class I indication for DMR surgery, an

enlarged absolute LVESD based on its association

with poor outcome under medical management.27

Surprisingly, these remain unchanged, while guide-

lines recommend normalization to body surface area

for aortic regurgitation. Our data show that reaching

such absolute thresholds is less likely in AsI patients

than EAI patients. Furthermore, LV and LA size are

also integral part of grading DMR severity, and

smaller dimensions may suggest less severe regurgi-

tation.21 Lack of accounting for body size not only is

relevant to countries with generally smaller body

sizes, but also affects women with DMR in Western

countries, who also are misjudged by absolute di-

ameters not adjusted to body size, minimizing early

referral to surgery, and resulting in worse outcomes

vs men.10,28 Hence, accounting for body size during

DMR imaging is crucial in all populations, particularly

in view of the demonstrated link of LVESD corrected

for body surface area ($22 mm/m2) to outcome.11 This

would represent a first step in avoiding underesti-

mation of volume overload in DMR and in using

appropriate imaging references.

Hesitancy in taking the immediate risk, even small,

of mitral surgery/intervention in AsI patients may be

heightened without declared symptoms27 and atrial

fibrillation,29 while benefits of early surgery may

occur quite later. Hesitancy may also be emphasized

by hypertension and diabetes, which create confusion
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on causes of cardiac remodeling.30 Whether cultural

differences, reluctance to intervene before clinical

complications, and a framework of primum non

nocere31 are operative in DMR undertreatment is

difficult to prove, but they are crucially present in our

experience. We observe that Asians are likely to

attribute symptoms to the “normal aging process”

and may hide those for fear of aggressive treatment.

Asians may also seek alternative traditional medicine

or acupuncture as first line and may consider “West-

ern” medicine as a last resort.

It took considerable academic efforts to emphasize

early surgery importance for DMR in Europe and

North America,32 and to minimize cultural beliefs

affecting undertreatment.3 Educational efforts for

consideration of mitral interventions by AsI patients

and physicians warrants further attention. It is also

possible that percutaneous/minimally invasive DMR

treatment may contribute to better acceptance of

early DMR repair.

STUDY STRENGTHS AND LIMITATIONS. The study is

first to demonstrate differences in long-term out-

comes in AsI patients vs EAI patients with DMR

diagnosed similarly and reliably by echocardiogra-

phy, but origin is not a randomizable exposure and

does not come in isolation. Furthermore, ethnic/

racial data abstraction is unlawful in continental

Europe and is not part of our study. Hence, routine

practice of institutions in various geographic loca-

tions is the only approach to provide insights into

imaging, management, and outcomes in various

world regions. Our study aimed to not portray ther-

apeutic strategies and outcomes across the entire

Asian continent, as rendering true diversity and

complexity of the health care landscape in Asia would

be impossible. We examined patients diagnosed with

DMR due to flail leaflet in Hong Kong and Singapore,

comparing them with those enrolled in the largest

database with similar DMR definition, routinely

managed in EAIs. In our cohorts, similar socioeco-

nomic status and similar training of most colleagues

created many similarities within routine practices,

reflected by similarity of mitral repairability and

postoperative outcomes. However, in observational

multicenter studies, findings may be influenced by

practices of involved institutions. Differing comor-

bidities in different continents may be a concern.

However, similar postintervention survival and

similar benefit of early repair strongly argues for

lacking unsuspected excess noncardiac mortality

among the AsI cohort. Short of studies covering entire

countries, it is difficult to absolutely affirm

geographical differences, but such countrywide

studies have not been initiated to our knowledge.

Delays in surgical intervention may be linked to

different waiting times in different health care sys-

tems. Therefore, additional research is warranted to

comprehensively investigate whether results are

attributable to institutional or regional practices vs

reflecting genuine geographical/cultural disparities.

Small body size and Asian origin are colinear,

questioning the “real” independent determinant of

AsI and EAI patients’ differences. Stratification by

respective median body surface area showed that

small body size associated univariately with less

mitral intervention (HR: 0.77; 95% CI: 0.68-0.87;

P < 0.0001). However, with comprehensive adjust-

ment (as per Table 2), small body size became insig-

nificant (P ¼ 0.16), while the association of AsI

patients with undertreatment remained highly sig-

nificant (adjusted HR: 0.49; 95% CI: 0.42-0.58;

P < 0.0001). DMR quantitation is not possible in all

patients, and integrative DMR grading using all signs/

measures is recommended, particularly with all pa-

tients carrying flail mitral leaflet, a specific sign for

severe DMR.21 Yet, DMR quantitation, when per-

formed, was quite similarly consistent with severe

DMR, and is reassuring with regard to DMR severity in

both cohorts.

CONCLUSIONS

In 2 large cohorts from AsIs, we observed that pa-

tients present with similar features of mitral valve

lesions and DMR severity compared with a large

cohort of EAI patients of similar socioeconomic

environment. However, in AsI patients, imaging may

underestimate volume overload due to smaller car-

diac cavities related to smaller body size, demon-

strating the importance of accounting for body size in

assessing cardiac enlargement.

Repair interventions predominate similarly in AsIs

and EAIs and provide comparable survival benefit

when performed early after diagnosis. Notwith-

standing, management is very different, with fewer

and delayed mitral interventions in AsI patients

compared with EAI patients despite the comparable

socioeconomic background. Consequently, the

outcome is ultimately affected, with excess mortality

in our cohort of AsI patients even after matching for

all clinical differences. Although the population may

not represent the entire Asian continent, or the full

spectrum of hospitals and diverse practices of a

multifaceted geographical region, these differences in

DMR imaging/management/outcome, analyzed for
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the first time in the present study, show that it is

crucial to consider similar early mitral interventions

and to achieve optimal outcomes in patients with

DMR worldwide. Further studies are needed,

involving various institutions within Asia to assess

the generalizability of these results across diverse

populations, given the significant impact of economic

factors on health care outcomes.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCE-

DURAL SKILLS: AsI patients with DMR have smaller

bodies and, despite similar overload, display smaller

hearts on imaging using absolute cardiac dimensions

compared with EAI patients. Not accounting for body

size deeply underestimates DMR-linked overload and

treatment requirement. The same survival benefit is

obtained from early mitral interventions for DMR in

AsI patients compared with EAI patients. However, AsI

patients with DMR are conservatively managed with

fewer mitral interventions and subsequent reduced

survival after DMR diagnosis. Addressing local cultural

hindrance to mitral interventions is crucial to

improving DMR outcome worldwide.

TRANSLATIONAL OUTLOOK: AsI patients present

at a younger age for undefined reasons, biological vs

referral. Future genetic and population-based studies

should evaluate whether the development of myxo-

matous mitral degeneration is different in various

populations and whether management modulations

are in order.
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