
Journal of the American Heart Association

J Am Heart Assoc. 2023;12:e030747. DOI: 10.1161/JAHA.123.030747� 1

 

ORIGINAL RESEARCH

One-Year Outcomes and Their Relationship 
to Residual Mitral Regurgitation After 
Transcatheter Edge-to-Edge Repair With 
MitraClip Device: Insights From the  
OCEAN-Mitral Registry
Shunsuke Kubo , MD; Masanori Yamamoto, MD; Mike Saji , MD; Masahiko Asami , MD;  
Yusuke Enta , MD; Masaki Nakashima , MD; Shinichi Shirai , MD; Masaki Izumo, MD;  
Shingo Mizuno, MD; Yusuke Watanabe , MD; Makoto Amaki , MD; Kazuhisa Kodama, MD;  
Junichi Yamaguchi , MD; Yoshifumi Nakajima, MD; Toru Naganuma, MD; Hiroki Bota, MD;  
Yohei Ohno , MD; Masahiro Yamawaki, MD; Hiroshi Ueno , MD; Kazuki Mizutani , MD;  
Yuya Adachi , MD; Toshiaki Otsuka , MD; Kentaro Hayashida , MD;  OCEAN-Mitral Investigators

BACKGROUND: Limited data are available about clinical outcomes and residual mitral regurgitation (MR) after transcatheter 
edge-to-edge repair in the large Asian-Pacific cohort.

METHODS AND RESULTS: From the Optimized Catheter Valvular Intervention (OCEAN-Mitral) registry, a total of 2150 patients 
(primary cause of 34.6%) undergoing transcatheter edge-to-edge repair were analyzed and classified into 3 groups according 
to the residual MR severity at discharge: MR 0+/1+, 2+, and 3+/4+. The mortality and heart failure hospitalization rates at 1 
year were 12.3% and 15.0%, respectively. Both MR and symptomatic improvement were sustained at 1 year with MR ≤2+ in 
94.1% of patients and New York Heart Association functional class I/II in 95.0% of patients. Compared with residual MR 0+/1+ 
(20.4%) at discharge, both residual MR 2+ (30.2%; P < 0.001) and 3+/4+ (32.4%; P = 0.007) were associated with the higher in-
cidence of death or heart failure hospitalization (adjusted hazard ratio [HR], 1.59; P < 0.001, and adjusted HR, 1.73; P = 0.008). 
New York Heart Association class III/IV at 1 year was more common in the MR 3+/4+ group (20.0%) than in the MR 0+/1+ 
(4.6%; P < 0.001) and MR 2+ (6.4%; P < 0.001) groups, and the proportion of New York Heart Association class I is significantly 
higher in the MR 1+ group (57.8%) than in the MR 2+ group (48.3%; P = 0.02).

CONCLUSIONS: The OCEAN-Mitral registry demonstrated favorable clinical outcomes and sustained MR reduction at 1 year 
in patients undergoing transcatheter edge-to-edge repair. Both residual MR 2+ and 3+/4+ after transcatheter edge-to-edge 
repair at discharge were associated with worse clinical outcomes compared with residual MR 0+/1+.
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Severe mitral regurgitation (MR) is associated with 
reduced left ventricular (LV) function, progressive 
congestive heart failure (HF), and increased mor-

tality rate.1–3 Transcatheter edge-to-edge repair (TEER) 
with the MitraClip system (Abbott Vascular, Menlo 
Park, CA) has emerged as an effective therapeutic 
option for symptomatic patients with MR, who have 
suitable clinical and anatomic features. The MitraClip 
system obtained Food and Drug Administration ap-
proval for primary MR in 2013 and secondary MR in 
2019. In Japan, the AVJ-514 trial demonstrated the effi-
cacy, safety, and clinical benefit of the MitraClip device 
in a Japanese population.4 The MitraClip system has 
been commercially available since April 2018, and the 
new-generation MitraClip G4 system has been avail-
able since September 2020.

Asian patients have a different anatomy with smaller 
heart and valve areas than Western patients. Although 
small studies in the Asia-Pacific region and Japan have 
already reported the safety and feasibility of TEER,5,6 
the clinical outcomes and their predictors after TEER in 
a large cohort in the Asian-Pacific region are unknown. 
Procedural failure with residual MR 3+/4+ at discharge 
has been reported to be a strong predictor of death 
and HF rehospitalization.7–9 On the other hand, there 
was no significant difference in clinical outcomes be-
tween patients with residual MR 2+ and 1+ or less in 
the COAPT (Cardiovascular Outcomes Assessment of 
the MitraClip Percutaneous Therapy for Heart Failure 
Patients With Functional Mitral Regurgitation) trial.9 
Therefore, whether residual MR 2+ can affect the clini-
cal outcomes is still controversial. The objective of this 
study was to investigate 1-year clinical outcomes after 
TEER with the MitraClip device and evaluate the im-
pact of residual MR on the clinical outcomes.

METHODS
The data, analytic methods, and study materials will not 
be made available to other researchers for purposes of 
reproducing the results or replicating the procedure.

Study Population
The Optimized Catheter Valvular Intervention (OCEAN-
Mitral) registry is ongoing, prospective, investigator-
initiated, multicenter registry to assess the safety and 

CLINICAL PERSPECTIVE

What Is New?
•	 The Optimized Catheter Valvular Intervention 

(OCEAN-Mitral) registry, a large-scale Asian co-
hort registry of mitral transcatheter edge-to-edge 
repair, demonstrated favorable clinical outcomes 
with a mortality rate of 12.3%, a heart failure hos-
pitalization rate of 15.0%, and sustained mitral 
regurgitation reduction in 2150 patients.

•	 Both residual mitral regurgitation 2+ and 3+/4+ 
at discharge relative to residual mitral regurgi-
tation 0+/1+ were associated with increased 
death or heart failure hospitalization and im-
paired heart failure symptoms, and the adverse 
effects of residual mitral regurgitation 2+ and 
3+/4+ were more clearly observed in patients 
with a primary pathogenesis.

What Are the Clinical Implications?
•	 Mitral transcatheter edge-to-edge repair was 

safe and effective for an Asian cohort with 
relatively small body size, and mitral regurgita-
tion should be reduced as much as possible in 
both primary and secondary mitral regurgita-
tion to improve the clinical outcomes after the 
procedure.

Nonstandard Abbreviations and Acronyms

COAPT	 Cardiovascular Outcomes 
Assessment of the 
MitraClip Percutaneous 
Therapy for Heart Failure 
Patients With Functional 
Mitral Regurgitation

EVEREST II	 Endovascular Valve 
Edge-to-Edge Repair

MitraClip EXPAND	 A Contemporary, 
Prospective Study 
Evaluating Real-World 
Experience of 
Performance and Safety 
for the Next Generation 
of MitraClip Devices

MR	 mitral regurgitation
NYHA	 New York Heart 

Association
OCEAN-Mitral	 Optimized Catheter 

Valvular Intervention
OCEAN-SHD	 Optimized Catheter 

Valvular Intervention–
Structural Heart Disease

TEER	 transcatheter edge-to-
edge repair

TRAMI	 Transcatheter Mitral Valve 
Interventions

TVT	 Transcatheter Valve 
Therapy
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efficacy of TEER for patients with significant MR. A 
total of 21 Japanese institutions have participated in 
this registry. Between April 2018 and June 2021, 2150 
consecutive symptomatic patients with MR underwent 
TEER with the MitraClip device. The patients were re-
viewed by the multidisciplinary local heart team con-
sisting of an interventional cardiologist, a cardiothoracic 
surgeon, and an echocardiologist. This study was reg-
istered with the University Hospital Medical Information 
Network Clinical Trials Registry, as accepted by the 
International Committee of Medical Journal Editors 
(UMIN000023653). All study participants provided in-
formed consent, and the study protocol was approved 
by the institutional review board of each institution. The 
study was conducted in accordance with the provi-
sions of the Declaration of Helsinki and the guidelines 
for epidemiological studies issued by the Ministry of 
Health, Labour, and Welfare of Japan.

TEER Procedure
TEER with the MitraClip device was performed as 
previously described.10 The procedure is performed 
under general anesthesia with fluoroscopic and 
transesophageal echocardiographic guidance. After 
transseptal puncture using femoral vein access, a 
24-French guiding catheter is advanced into the left 
atrium. The clip delivery system is inserted above the 
origin of the MR jet and then advanced into the left 
ventricle. The mitral leaflets are grasped, and the clip 
is closed to approximate the leaflets. If adequate MR 
reduction is obtained, the clip is released. If further 
reduction of MR is necessary, a second clip implanta-
tion is considered.

Clinical Outcomes and Definition
Clinical follow-up was scheduled by outpatient visits at 
30 days and 1 year after the procedure. If patients were 
unable to present at follow-up, telephone interviews 
were conducted with patients, their family members, 
or family physicians to collect information on survival 
status and clinical events. Clinical outcomes, includ-
ing all-cause death, cardiac death, single-leaflet de-
vice attachment, leaflet tear, reintervention for mitral 
valve dysfunction, atrial septum defect closure, stroke, 
and HF hospitalization, were assessed. A composite 
of death and HF hospitalization was used to evaluate 
the impact of residual MR on 1-year clinical outcomes. 
Transthoracic echocardiographic results at baseline, 
discharge, 1 month, and 1 year were analyzed in this 
study. MR severity at baseline was assessed on the 
basis of the guidelines of the American Society of 
Echocardiography,11 and that after the MitraClip pro-
cedure was assessed as previously described.12 The 
MR severity was classified into 0+ (none/trivial), 1+ 
(mild), 2+ (moderate), 3+ (moderate to severe), and 4+ 

(severe). In cases with secondary MR, atrial second-
ary MR was defined as secondary MR with atrial fi-
brillation, dilated left atrium (left atrial diameter ≥40 mm 
or left atrial volume index ≥34 mL/m2), and normal LV 
function (LV ejection fraction ≥50%) and size (LV end-
diastolic diameter ≤55 mm). Measurement of LV vol-
umes and ejection fraction was performed according 
to the biplane Simpson method. If echocardiographic 
data at discharge were not available, those immedi-
ately after the MitraClip procedure were used.

Statistical Analysis
Categorical variables were reported as numbers with 
relative percentage and compared using a chi-square 
test or Fisher’s exact test. Continuous variables were 
expressed as mean±SD or median (interquartile 
range), and compared using unpaired Student’s t-test 
or Mann–Whitney U test on the basis of the distribu-
tion. The cumulative incidences of clinical events were 
estimated by the Kaplan–Meier method, and differ-
ences were assessed using the log-rank test. A mul-
tivariable Cox proportional hazard model was used 
to assess the impact of residual MR on death or HF 
hospitalization. The following variables were entered 
in the multivariate model: residual MR severity, age 
>80 years, male sex, body size area <1.5 m2, hyperten-
sion, diabetes, history of smoking, chronic obstruc-
tive pulmonary disease, atrial fibrillation, peripheral 
artery disease, prior myocardial infarction, prior car-
diac surgery, prior cardiac resynchronized therapy, 
prior stroke, HF hospitalization within 1 year, New York 
Heart Association (NYHA) functional class IV, hemo-
globin <10 mg/dL, estimated glomerular filtration rate 
<30 mL/min per 1.73 m2, brain natriuretic peptide 
>500 pg/mL, renin–angiotensin inhibitor, aldosterone 
antagonists, beta-blocker, secondary MR, baseline 
LV end-diastolic diameter >60 mm, LV ejection frac-
tion <30%, tricuspid regurgitation pressure gradient 
>35 mm Hg, and moderate or severe tricuspid regur-
gitation. Proportional hazard assumption was tested 
and confirmed using the log–log plot method curve 
and Schoenfeld residuals for each variable and veri-
fied to be acceptable. The results were expressed as 
adjusted hazard ratios (HRs) with associated 95% CIs. 
A P value of <0.05 was considered statistically sig-
nificant. The IBM SPSS statistical software version 25 
(International Business Machines Corp., Armonk, NY) 
was used for all statistical calculations.

RESULTS
Baseline Patients and Procedural 
Characteristics
Baseline characteristics are shown in Table  1. The 
median age was 80 years (73–85), and 1209 patients 
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Table 1.  Baseline Patient Characteristics

N=2150

Age, y 80 (73–85)

>80, n (%) 1055 (49.1)

Male, n (%) 1209 (56.2)

Body size area, m2 (n=2149, 99.9%) 1.50 (1.37–1.65)

Coronary artery disease, n (%) 774 (36.0)

Hypertension, n (%) 1452 (67.5)

Dyslipidemia, n (%) 1111 (51.7)

Diabetes, n (%) 579 (26.9)

Smoker, n (%) 145 (6.7)

Chronic obstructive pulmonary disease, n (%) 215 (10.0)

Atrial fibrillation, n (%)

Paroxysmal 485 (22.6)

Persistent/chronic 883 (41.1)

Prior stroke, n (%) 247 (11.5)

Prior myocardial infarction, n (%) 502 (23.3)

Prior cardiac surgery, n (%) 298 (13.9)

Peripheral artery disease, n (%) 224 (10.4)

Cardiac rhythm device implant, n (%)

Pacemaker 131 (6.1)

Implantable cardioverter–defibrillator 105 (4.9)

Cardiac resynchronization therapy—pacemaker 26 (1.2)

Cardiac resynchronization therapy—defibrillator 196 (9.1)

Hemodialysis, n (%) 113 (5.3)

Heart failure hospitalization within 1 year, n (%) 1541 (71.7)

STS mortality score for mitral valve replacement (n=1858, 86.4%) 9.10 (5.78–14.1)

Hemoglobin, g/L 11.6 (10.4–12.9)

<10.0 g/L, n (%) 385 (17.9)

Creatinine, mg/dL 1.26 (0.96–1.76)

eGFR, mL/min/1.73 m2 38 (26–51)

<30 mL/min per 1.73 m2, n (%) 721 (33.5)

Brain natriuretic peptide, pg/mL (n=1573, 73.2%) 342 (170–675)

>500 pg/mL, n (%) 569 (36.2)

NYHA functional class, n (%)

I 47 (2.2)

II 744 (34.6)

III 1047 (48.7)

IV 312 (14.5)

Medication at discharge, n (%)

Renin–angiotensin inhibitor 1371 (63.9)

Beta-blocker 1614 (75.1)

Aldosterone antagonists, n (%) 1170 (54.4)

Echocardiographic parameters

Mitral regurgitation pathogenesis, n (%)

Secondary 1617 (75.2)

Atrial 419 (19.5)

Primary 639 (29.7)

Mixed 106 (4.9)

 Continued
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(56.2%) were male. NYHA functional class III or IV was 
observed in 1359 patients (63.2%), and 1541 patients 
(71.7%) experienced HF hospitalization within 1 year 
before TEER. Degenerative or mixed pathogenesis was 
observed in 745 patients (34.6%). Among 1617 patients 
with secondary MR (75.2%), 1198 patients (55.7%) had 
ventricular secondary MR and 419 patients (19.5%) 
had atrial secondary MR. Most of the patients (89.0%) 
had MR 3+ or 4+ before the procedure. The median 
LV ejection fraction was 43% (31%–61%), and 489 pa-
tients (22.7%) had an LV ejection fraction <30%. The 
MitraClip G4 system was used in 611 patients (29.2%). 
Among 2135 patients (99.3%) undergoing at least 
1 clip implantation, 1285 patients (59.8%) received 

1 clip, 807 patients (37.5%) received 2 clips, and 43 
patients (2.0%) received 3 clips. The residual MR se-
verity at discharge was 0+ in 405 patients (18.8%), 1+ 
in 1225 patients (57.0%), 2+ in 440 patients (20.5%), 
3+ in 51 patients (2.4%), and 4+ in 29 patients (1.3%). 
The medial postprocedural mitral valve mean pressure 
gradient was 2.2 mm Hg (2.0–3.1). The prevalence of 
missing data was from 26.8% to 0% in the baseline 
variables (Table 1).

One-Year Outcomes
The 1-year clinical follow-up rate was 94.8%. The 1-
year clinical outcomes are summarized in Table  2. 

N=2150

Mitral regurgitation severity, n (%)

1+/2+ (mild/moderate) 638 (11.0)

3+ (moderate to severe) 601 (28.0)

4+ (severe) 1311 (61.0)

Effective regurgitant orifice area, cm2 (n=1965, 91.4%) 0.35 (0.25–0.47)

LV ejection fraction, % 43 (31–61)

LV ejection fraction ≤30%, n (%) 489 (22.7)

LV end-systolic diameter, mm (n=2148, 99.9%) 43 (33–54)

LV end-diastolic diameter, mm (n=2147, 99.9%) 57 (50–64)

LV end-diastolic diameter>60 mm, n (%) 759 (35.4)

LV end-systolic volume, mL (n=2093, 97.3%) 73 (40–126)

LV end-diastolic volume, mL (n=2096, 97.5%) 136 (96–190)

Left atrial diameter, mm (n=2143, 99.7%) 49 (44–55)

Left atrial volume, mL (n=2057, 95.7%) 116 (88–157)

Moderate/severe tricuspid regurgitation, n (%) 766 (35.6)

Tricuspid regurgitation pressure gradient, mm Hg (n=2083, 96.9%) 33 (25–44)

Tricuspid regurgitation pressure gradient >35 mm Hg, n (%) 870 (40.5)

MV mean pressure gradient, mm Hg (n=1920, 89.3%) 1.5 (1.0–2.1)

MV orifice area, cm2 (n=1769, 82.3%) 5.1 (4.2–6.2)

Procedural results

Number of clips implanted, n (%)

0 15 (0.7)

1 1285 (59.8)

2 807 (37.5)

3 43 (2.0)

Procedural time, min (n=1973, 91.8%) 87 (63–120)

Mitral regurgitation severity at discharge,* n (%)

0+ (none to trace) 405 (18.8)

1+ (mild) 1225 (57.0)

2+ (moderate) 440 (20.5)

3+ (moderate to severe) 51 (2.4)

4+ (severe) 29 (1.3)

Postprocedural MV mean pressure gradient, mm Hg (n=2116, 98.4%) 2.2 (2.0–3.1)

eGFR indicates estimated glomerular filtration rate; LV, left ventricular; MV, mitral valve; NYHA, New York Heart Association; and STS, Society of Thoracic 
Surgeons.

*If echocardiographic data at discharge were not available, those immediately after the MitraClip procedure were used.

Table 1.  Continued
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The 1-year mortality rate was 12.3% (255 patients) 
(Figure 1), with 7.9% (159 patients) due to cardiovas-
cular cause and 4.8% (96 patients) due to noncardio-
vascular cause. The incidences of single-leaflet device 
attachment and leaflet tear were 1.7% (35 patients) and 
1.2% (26 patients), respectively. Mitral valve reinterven-
tion was performed in 2.4% (48 patients) within 1 year. 
Among 48 patients who received reintervention, 12 pa-
tients underwent repeat TEER, 34 patients open heart 
surgery, and 2 patients both procedures. Regarding 
the surgical procedure, mitral valve replacement was 
performed in 28 patients and mitral valve repair in 8 pa-
tients. The incidence of HF hospitalization was 15.0% 
at 1 year (Figure 1). The cumulative incidence of death 
or HF hospitalization was 22.9% at 1 year (Figure 1).

Serial changes in MR severity and NYHA functional 
class were assessed in patients with available baseline, 
1-month, and 1-year data. Figure 2A shows the serial 
changes in MR severity of 979 patients. At 1-month fol-
low-up, MR ≤2+ was observed in 96.7% and 1+ or less 

in 75.1%. At 1-year follow-up, MR ≤2+ was observed in 
94.1% and ≤1+ or less in 67.0%, indicating that MR re-
duction was sustained at 1 year after TEER. Figure 2B 
shows the serial changes in NYHA functional class of 
1010 patients. NYHA functional class dramatically im-
proved at 1 month, with 96.7% of patients achieving 
NYHA class I or II. The proportion of NYHA class I or II 
was 95.0% at 1 year, indicating that symptomatic im-
provement was also sustained at 1 year after TEER.

Impact of Residual MR
All patients were classified into 3 groups according 
to the residual MR severity at discharge: 0+/1 (1630 
patients), 2+ (440 patients), and 3+/4+ (80 patients). 
Table  3 shows the clinical outcomes compared be-
tween the MR 0+/1+, 2+, and 3+/4+ groups. The cu-
mulative incidence of death or HF hospitalization at 
1 year was significantly lower in the MR 0+/1+ group 
(20.4%) than in the MR 2+ group (30.2%; P<0.001) 

Figure 1.  Cumulative incidence of clinical outcomes.
HF indicates heart failure.

Table 2.  One-Year Outcomes

Total cohort Primary MR Secondary MR

All-cause death, n (%) 255 (12.3) 71 (11.6) 184 (12.6)

Cardiovascular 159 (7.9) 39 (6.5) 120 (8.4)

Noncardiovascular 96 (4.8) 32 (5.4) 64 (4.6)

Single-leaflet device attachment, n (%) 35 (1.7) 16 (2.6) 19 (1.3)

Leaflet tear, n (%) 26 (1.2) 5 (0.8) 21 (1.4)

Mitral valve reintervention, n (%) 48 (2.4) 18 (3.0) 30 (2.1)

Closure of atrial septal defect, n (%) 23 (1.1) 9 (1.4) 14 (1.9)

Stroke, n (%) 32 (1.6) 11 (1.9) 21 (1.5)

Heart failure hospitalization, n (%) 297 (15.0) 54 (9.3) 243 (17.3)

MR indicates mitral regurgitation.
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and MR 3+/4+ group (32.4%; P=0.007), but there was 
no significant difference between the MR 2+ and MR 
3+/4+ groups (P=0.70) (Figure 3A). The mortality rate 
was also lower in the MR 0+/1+ group (10.3%) than 
in the MR 2+ group (18.9%; P<0.001) and MR 3+/4+ 
group (16.9%; P=0.06). Mitral valve reintervention was 
more frequently performed in the MR 3+/4+ group 
(19.0%) than in the MR 1+ group (1.6%; P<0.001) and 
MR 2+ group (2.4%; P<0.001). The incidence of HF 
hospitalization was also lower in the MR 0+/1+ group 
(13.4%) than in the MR 2+ group (19.8%; P<0.001) and 
MR 3+/4+ group (21.0%; P=0.06). In a multivariate 
analysis, the adjusted risk of residual MR 2+ and 3+/4+ 
relative to MR 0+/1+ for death or HF hospitalization at 
1 year remained significant (adjusted HR, 1.59 [95% CI, 

1.30–1.95]; P<0.001; and adjusted HR, 1.73 [95% CI, 
1.15–2.60]; P=0.008) (Table 4).

The impact of residual MR on clinical outcomes was 
assessed according to the MR pathogenesis. In pri-
mary MR patients, the MR 0+/1+ group (12.6%) had a 
much lower incidence of death or HF hospitalization 
than the MR 2+ group (34.0%; P<0.001) and MR 3+/4+ 
group (28.1%; P<0.001; Figure  3B). In patients with 
secondary MR, the incidence of death or HF hospi-
talization in the MR 0+/1+ group (23.5%) tended to be 
lower than that in the MR 2+ group (28.3%; P=0.07) 
and was significantly lower than that in the MR 3+/4+ 
group (36.0%; P=0.03) (Figure 3C).

Figure 4A and 4B shows the MR severity and NYHA 
functional class at 1 year according to the residual MR 

Figure 2.  Serial changes in the MR severity and NYHA functional class.
Serial MR severity in 979 patients (A) and NYHA functional class in 1010 patients (B) with available baseline, 
1-month, and 1-year data. MR indicates mitral regurgitation; and NYHA, New York Heart Association.
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severity. At 1 year, 3+/4+ MR was present in 2.5% of 
patients with 0/1+ residual MR at discharge, in 17.2% 
of patients with 2+ residual MR, and in 54.8% of pa-
tients with 3+/4+ residual MR. NYHA class III or IV 
at 1 year was more common in the MR 3+/4+ group 
(20.0%) than in the MR 0+/1+ group (4.6%; P<0.001) 
and MR 2+ group (6.4%; P<0.001). Furthermore, the 
proportion of NYHA class I was significantly higher 
in the MR 1+ group (57.8%) than in the MR 2+ group 
(48.3%; P=0.02).

DISCUSSION
The main findings of the present study were as follows: 
(1) The 1-year clinical outcomes of 2150 patients un-
dergoing TEER in Japan were favorable, with a mor-
tality rate of 12.3% and an HF hospitalization rate of 
15.0%; (2) MR reduction and symptomatic improve-
ment were sustained up to 1 year in populations with 
available baseline, 1-month, and 1-year data; (3) both 
residual MR 2+ and 3+/4+ at discharge relative to re-
sidual MR 0+/1+ were associated with increased death 
or HF hospitalization and impaired HF symptoms, 
and the adverse effects of residual MR 2+ and 3+/4+ 
were more clearly observed in patients with a primary 
pathogenesis.

This study reported the 1-year clinical outcomes of 
2150 patients undergoing TEER with the MitraClip de-
vice from the largest cohort in the Asia-Pacific region. 
The 1-year mortality rate was 12.3%, which was com-
parable to those in 500 patients of the Japanese post-
marketing surveillance study (14.9%), the device arm 
of the COAPT trial (18.8%), and the MitraClip EXPAND 
study (A Contemporary, Prospective Study Evaluating 
Real-World Experience of Performance and Safety for 
the Next Generation of MitraClip Devices) (14.9%).6,13–14  
It was numerically lower than those in the indepen-
dent German Transcatheter Mitral Valve Interventions 
(TRAMI) registry, (20.2%) and Transcatheter Valve 
Therapy (TVT) registry (25.8%).15,16 In our study popu-
lation, about 72% of the patients had been hospitalized 
for HF within 1 year. The HF hospitalization rate after 
TEER was only 15.0% at 1 year, indicating the efficacy 
of TEER as an HF therapy. In our cohort, single-leaflet 
device attachment was observed in 1.7%, which was 
similar to that in the EXPAND registry.14 Also, mitral 
valve reintervention, especially mitral valve surgery, 
is uncommon, and most patients who underwent 
surgery had mitral valve replacement rather than re-
pair. Although our study period included only the first 
3 years after the introduction of TEER to Japan, our 
clinical outcomes were comparable to the contem-
porary TEER results. Imaging techniques, procedural 
strategies, and patient management methods learned 
from Western countries, and also the teaching system Ta
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Figure 3.  Cumulative incidence of death or HF hospitalization according to the 
residual MR severity at discharge.
Cumulative incidence of death or HF hospitalization in all patients (A), patients with 
primary MR (B), and patients with secondary MR (C). HF indicates heart failure; and 
MR, mitral regurgitation.
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we have constructed may have contributed to our fa-
vorable outcomes.

In our study, both MR reduction and NYHA im-
provement were sustained up to 1 year in the pop-
ulations with available baseline, 1-month, and 1-year 
data. Notably, NYHA class I/II was achieved in 95.0% 
of patients at 1 year, and this was comparable to or 
better than those in previous studies.6,13,14 Because 
these data suggest that MR reduction is directly re-
lated to symptomatic improvement, the current patient 
selection in Japan seems appropriate. MR reduction 
with MR ≤2+ in 94.1% of patients was better than that 
of the EVEREST II (Endovascular Valve Edge-to-Edge 
Repair) trials and compared well with that of the COAPT 
trial.13,17 However, the EXPAND trial using the MitraClip 

G3 device with NTR and XTR clips provided MR ≤1+ 
of 79.2% of patients. Currently, the MitraClip G4 device 
with NT, NTW, XT, and XTW clips is available in Japan, 
and further improvement in MR reduction is expected 
in the future.

Currently, procedural failure is defined as residual 
MR 3+ or 4+ at discharge, and it has been reported 
to increase death and HF hospitalization.18 Although 
residual MR 2+ is included in the procedural success, 
some small studies have reported that residual MR 2+ 
was a risk factor for adverse events.19–21 A recent study 
of patients with secondary MR have reported that pa-
tients with residual 2+ MR at discharge had higher 
event rates than those with residual ≤1+.22 However, 
the COAPT trial showed the similar mortality and HF 

Table 4.  Adjusted and Unadjusted Hazard Ratios of Death or HF Hospitalization

Univariate model Multivariable model

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Residual MR <0.001 0.005

MR 2+ vs MR 0+/1+ 1.59 (1.30–1.95) <0.001 1.40 (1.09–1.80) 0.01

MR 3+/4+ vs MR 0+/1+ 1.73 (1.15–2.60) 0.008 1.85 (1.14–2.99) 0.01

Age >80 y 1.02 (0.85–1.22) 0.82 1.25 (0.98–1.59) 0.07

Male sex 1.29 (1.07–1.55) 0.007 1.30 (1.03–1.65) 0.03

Hypertension 0.92 (0.76–1.11) 0.36 0.92 (0.73–1.17) 0.50

Diabetes 1.26 (1.04–1.53) 0.02 1.00 (0.79–1.28) 0.97

Smoker 1.09 (0.77–1.55) 0.62 0.80 (0.53–1.23) 0.31

Chronic obstructive pulmonary 
disease

1.52 (1.17–1.97) 0.002 1.23 (0.90–1.67) 0.19

Atrial fibrillation 1.34 (1.10–1.63) 0.003 1.39 (1.09–1.77) 0.008

Peripheral artery disease 1.54 (1.19–1.99) 0.001 1.12 (0.82–1.51) 0.48

Prior myocardial infarction 1.47 (1.21–1.79) <0.001 1.06 (0.81–1.37) 0.68

Prior cardiac surgery 1.24 (0.97–1.58) 0.09 1.28 (0.94–1.73) 0.12

Prior stroke 1.31 (1.01–1.70) 0.04 1.09 (0.79–1.50) 0.62

Prior cardiac resynchronization 
therapy

1.44 (1.10–1.87) 0.007 1.18 (0.84–1.65) 0.35

HF hospitalization within 1 year 1.94 (1.53–2.45) <0.001 1.86 (1.36–2.54) <0.001

NYHA functional class IV 2.38 (1.94–2.92) <0.001 1.83 (1.42–2.36) <0.001

Hemoglobin <10 g/L 1.98 (1.62–2.42) <0.001 1.67 (1.31–2.14) <0.001

eGFR <30 mL/min per 1.73 m2 1.70 (1.42–2.04) <0.001 1.24 (0.98–1.56) 0.07

Brain natriuretic peptide 
>500 pg/dL

2.34 (1.90–2.89) <0.001 1.85 (1.46–2.35) <0.001

Renin–angiotensin inhibitor 0.82 (0.68–0.98) 0.03 1.04 (0.83–1.31) 0.71

Aldosterone antagonists 1.03 (0.86–1.24) 0.71 0.90 (0.71–1.14) 0.37

Beta-blocker 1.11 (0.89–1.37) 0.35 0.93 (0.72–1.21) 0.58

Functional MR 1.65 (1.30–2.09) <0.001 1.15 (0.84–1.57) 0.40

LV end-diastolic diameter 
>60 mm

1.19 (0.99–1.43) 0.06 0.88 (0.67–1.16) 0.36

LV ejection fraction <30% 1.50 (1.23–1.82) <0.001 1.48 (1.11–1.97) 0.007

TR pressure gradient 
>35 mm Hg

1.21 (1.01–1.45) 0.04 0.91 (0.72–1.14) 0.42

Moderate/severe TR 1.20 (1.00–1.44) 0.06 0.95 (0.75–1.21) 0.68

eGFR indicates estimated glomerular filtration rate; HF, heart failure; LV, left ventricular; MR, mitral regurgitation; NYHA, New York Heart Association; and 
TR, tricuspid regurgitation.
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hospitalization rates as well as clinical symptoms in pa-
tients with residual 2+ MR at 30 days after TEER for 
ventricular secondary MR compared with patients with 
residual 0+/1+ MR.9 In our large-cohort study, both 
residual MR 2+ and 3+/4+ were independently asso-
ciated with worse clinical outcomes, and the adverse 
effects of residual MR 2+ relative to residual MR 1+ 
were more strongly observed in patients with primary 
MR. In patients with secondary MR, myocardial dis-
ease creates valvular disease, and not only MR se-
verity but also advanced cardiomyopathy is related 
to the clinical outcomes after TEER. In patients with 
primary MR, residual MR caused by leaflet prolapse or 

degeneration, even MR 2+, is likely to affect the clin-
ical outcomes in the chronic phase. Applying these 
results, it is recommended that MR be reduced as 
much as possible in both MR etiologies. Because the 
MR severity tends to be underestimated during gen-
eral anesthesia, it should be assessed after the pa-
tient is brought close to the awake state by increasing 
blood pressure or adding fluid. After the introduction 
of the MitraClip G4 system, further MR reduction can 
be expected. One study reported that about 90% of 
patients achieved residual MR ≤1+ using the MitraClip 
G4 system.23 As the device grows and MR reduction 
improves, the clinical outcomes will further improve.

Figure 4.  MR severity and NYHA functional class at 1 year according to the residual MR severity 
at discharge.
MR severity (A) and NYHA functional class (B) at 1 year according to the residual MR severity at discharge. 
MR indicates mitral regurgitation; and NYHA, New York Heart Association.
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Study Limitations
This study has several important limitations. First, this is 
a retrospective, observational study, and concomitant 
factors may have affected the results, even after adjust-
ing for multivariate analysis. Second, the proportion of 
the MitraClip G4 system was small because of the study 
period. Therefore, we did not analyze the clinical impact 
of the MitraClip G4 system in this study. Third, echo-
cardiographic data including the MR severity were not 
analyzed in an independent core laboratory. To stand-
ardize the MR grading, we established a consensus 
document on the echocardiographic MR assessment 
before and after TEER on the basis of the guidelines 
and shared it with the participating institutions before 
enrollment. In addition, a number of echocardiographic 
examinations for valvular heart disease had already 
been performed by experienced echocardiographers 
at the participating institutions when they started their 
TEER programs. Fourth, analysis of residual MRs was 
performed using the MR severity at discharge because 
there was no standardized method of assessing MR by 
transesophageal echocardiography. Fifth, the cumu-
lative incidences of clinical outcomes assessed using 
Kaplan–Meier method with log-rank test were unad-
justed data. Finally, some patients were lost to follow-up 
and lacked data for analysis, and serial changes in MR 
severity and NYHA functional class were assessed in 
979 and 1010 of 2150 patients, respectively. Due to the 
missing value, multivariable analysis was performed in 
1526 patients. Among variables in the model, the preva-
lence of missing value was 26.8% in “brain natriuretic 
peptide >500 pg/mL.” Even after excluding this variable 
(n=2082), the results were consistent (MR 0+/1+ versus 
MR 2+: adjusted HR, 1.55 [95% CI, 1.25–1.92]; P<0.001; 
and MR 0+/1+ versus MR 3+/4+: adjusted HR, 1.73 
[95% CI, 1.15–2.60]; P=0.007).

CONCLUSIONS
The OCEAN-Mitral registry demonstrated favorable 
clinical outcomes with a mortality rate of 12.3% and an 
HF hospitalization rate of 15.0% in 2150 patients under-
going TEER. MR reduction and symptomatic improve-
ment were sustained up to 1 year. In our large-scale 
cohort, both residual MR 2+ and 3+/4+ at discharge 
were associated with worse clinical outcomes and im-
paired NYHA functional class compared with residual 
MR 0+/1+.
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