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Mitral Valve Surgery for Persistent or
Recurrent Mitral Regurgitation After
Transcatheter Edge-to-Edge Repair Is
Associated With Improved Survival

Ahmed El Shaer, MBBS*; Alejandra Chavez Ponce ", MD*; Piotr Mazur “=', MD*; Kevin Greason “*, MD;
Arman Arghami “*, MD; Mackram F. Eleid =/, MD; Mayra Guerrero "=, MD; Charaniit S. Rihal “*, MD;
Juan A. Crestanello 2/, MDT; Mohamad Alkhouli “=/, MDY

BACKGROUND: The management of severe mitral regurgitation (MR) after transcatheter edge-to-edge repair (TEER) remains
a clinical conundrum. Considering the growing volume of TEER, more outcomes data for mitral surgery in this cohort are
needed.

METHODS AND RESULTS: Symptomatic patients with persistent or recurrent severe MR after TEER evaluated between May 2014
and June 2021 were included. The primary outcome was all-cause mortality in patients who were treated with surgery versus
medical therapy. The Kaplan—Meier and Cox regression methods were used to report risk-adjusted survival analyses. Among
the 142 included patients, 44 (31.0%) underwent mitral surgery. Patients who underwent surgery were younger than those
treated medically (74.1+£8.9 versus 78.6+10.5years, P=0.01). Major comorbidities were similar except obesity, sleep apnea, left
ventricular dimensions, and ejection fraction. Society of Thoracic Surgeons Predicted Risk of Operative Mortality was 9.0+4.7
versus 7.9+4.9 in the surgical versus medical therapy groups, respectively, P=0.22. Time from TEER to detection of severe
MR was similar in both groups (median [interquartile range] 97.5 [39.5-384] versus 93.5 [40-389] days in the surgical versus
medical groups, respectively [P>0.05]). In the surgical group, valve replacement was performed in all patients. Operative mor-
tality was 4.5% (observed/expected ratio 0.55), and major complications were uncommon. After risk-adjustment, surgery was
associated with significantly lower all-cause mortality (adjusted hazard ratio, 0.33 [95% Cl, 0.12-0.92], P=0.001) compared
with medial therapy.

CONCLUSIONS: Compared with medical therapy, mitral surgery in patients with severe persistent or recurrent MR after TEER is
associated with lower mortality despite the high-risk profile of these patients. Patients with severe MR after TEER should be
considered for surgery at a referral mitral surgical center.
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See Editorial by Zahr and Sweis.

increasingly used treatment for patients with se- in ~5% and 6% to 15% of patients after TEER, respec-
vere mitral regurgitation (MR) who are at high risk  tively.?4-8 With the rising number of TEER procedures,
for surgery.”® Despite its high short-term technical its expanding indications, and its increasing use of

Transcatheter edge-to-edge repair (TEER) is an success, persistent and recurrent severe MR occurs
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CLINICAL PERSPECTIVE

What Is New?

e This study highlights the potential of surgery as
an option for high-risk patients who underwent
transcatheter  edge-to-edge  repair and
developed recurrent mitral regurgitation.

e The observed-to-expected mortality under-
going mitral valve replacement after failed
transcatheter edge-to-edge repair, in a high-
volume center, is better than the one reported
nationwide.

What Are the Clinical Implications?

e Patients who were initially at high surgical risk
for mitral valve replacement could be referred
to a high-volume center for surgery after mitral
regurgitation recurrence.

e Mitral valve replacement after failed transcath-
eter edge-to-edge repair represents a feasible
option with reduced risk of death.

Nonstandard Abbreviations and Acronyms

MR mitral regurgitation
TEER Transcatheter edge-to-edge mitral valve
repair

TEER in complex anatomies (eg, commissural jets,
calcified annuli, atrial functional MR, or small valves),
concerns have been raised about the management of
the growing number of patients with severe MR after
TEER.”® Several studies have shown that persistent
or recurrent MR following TEER confers substantially
higher morbidity and mortality.#6°-"" Although mi-
tral valve surgery remains a viable option after failed
TEER, many patients may not be referred to surgery
because of their high-risk clinical profile. Indeed, a
recent nationwide analysis reported a 30-day mor-
tality of 10.2% for mitral surgery after TEER with an
observed-to-expected mortality ratio of 1.2, corrob-
orating the concerns about the feasibility of surgical
intervention in this high-risk cohort.'”” This study also
suggested worse outcomes at low-volume mitral sur-
gery centers, raising the question of whether surgery
for failed TEER at a high-volume center would result in
more favorable outcomes. Furthermore, to our knowl-
edge, no study to date has compared the outcomes
of surgery and optimal medical therapy in this patient
cohort. To address these questions, we conducted
a comparative analysis of surgical intervention ver-
sus medical therapy in patients with severe MR after
TEER at a tertiary referral center.

J Am Heart Assoc. 2022;11:026236. DOI: 10.1161/JAHA.122.026236
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METHODS

Data Availability

Because of the sensitive nature of the data collected for
this study, requests to access the data set from qualified
researchers trained in human subject confidentiality
protocols may be sent to the corresponding author.

Study Cohort

We retrospectively identified patients presenting to
the Mayo Clinic, Rochester, Minnesota, with recurrent
or persistent MR after mitral TEER with the MitraClip
system (Abbott, Abbott Park, IL) between May 2014
and June 2021. We excluded patients who underwent
redo MV-TEER (n=17) and patients in our study
were deemed ineligible for redo TEER. A total of 72
had functional stenosis, 6 with moderate functional
stenosis (mitral gradient >5 mmHg), and 66 with severe
functional stenosis (mitral gradient >10 mmHg). Another
39 patients were excluded owing to the presence of
leaflet calcification or insufficient leaflet tissue for leaflet
insertion and grasping. The remaining 31 patients
were candidates for TEER but did not wish to undergo
invasive therapy. Therefore, the study cohort was
divided into 2 groups; patients who underwent mitral
surgery and those who were treated conservatively
(medical treatment arm). The surgical cohort included
patients who had their TEER procedure at Mayo Clinic
and those who had the procedure done at other centers
and were subsequently referred for consideration of
surgery.

End Points and Outcomes Measures

The primary end point of this study was risk-adjusted
all-cause mortality at maximum follow-up. Secondary
end point was the observed-to-expected mortal-
ity among patients undergoing surgery. We also de-
scribed differences in baseline characteristics, MR
etiology, predicted risk of mortality, and the time inter-
val between TEER and recurrent MR in both cohorts.
Echocardiographic evaluation at the time of recurrent
MR was performed at Mayo Clinic, Rochester and MR
grading was performed according to the American
Society of Echocardiography guidelines. Surgical risk
was calculated using the Society of Thoracic Surgeons
Predicted Risk of Operative Mortality score (version
2.9) for isolated mitral valve replacement at the time of
MR recurrence detection. Patients were usually evalu-
ated with a heart team-based approach that consists
of an interventional cardiologist and a cardiac surgeon
with expertise in mitral surgery before TEER. Person-
time was calculated from the date of first detection
of recurrent or persistent MR after TEER to either the
latest available follow-up or death. The study was ap-
proved by the Mayo Clinic Institutional Review Board.
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Patient consent requirement was waived as the study
was considered a minimal risk retrospective study.

Statistical Analysis

Categorical variables were compared using a chi-
square test or Fisher's exact test and presented as
frequencies with percentages. Continuous parameters
of the study groups were compared using the Student
t test. The probability of death according to the
treatment strategy (surgery versus medical therapy)
was graphically displayed according to the method
of Kaplan and Meier, with comparison of cumulative
survival across strata by the log-rank test. To adjust
for the differences in baseline characteristics a
Cox proportional hazards model was created. First
a univariate model was built including baseline
characteristics that were statistically significantly
different between the 2 groups (age, body mass
index, sleep apnea, left ventricular [LV] dimensions, LV
ejection fraction). All variables with P<0.1 in the baseline
characteristics were included in the multivariate
model. Hazard ratios (HR) were reported with 95%
Cl. Statistical significance was inferred at P<0.05. All
statistical analysis was performed using R Statistical
Software (version 4.1.2; R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Patient Characteristics

A total of 142 patients with severe MR after TEER
were identified and included in the analysis (Figure 1).
Most patients (86%) had recurrent (versus persistent)
MR. Among the 142 included patients, 44 (31.0%)
underwent mitral valve surgery and 98 (69.0%) were
managed medically. Patients who underwent surgery
were younger than those treated medically (74.1+8.9
versus 78.6+10.5years, P=0.01). The prevalence of
major comorbidities was similar in both group except

(N=159)
Recurrent or persistent MR
post MV TEER
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obesity and sleep apnea, which were more prevalent
in the surgical group (Table 1). The Society of Thoracic
Surgeons Predicted Risk of Operative Mortality at
the time of severe MR diagnosis (index procedure in
patients with persistent MR and at time of first echo
showing severe MR in patients with recurrent MR) was
similar in the 2 groups (9.0+4.7 versus 7.9+4.9 in the
surgical versus medical therapy groups, respectively,
P=0.22).

Transcatheter Edge to Edge Repair

Index TEER indications and procedural outcomes were
comparable between in the surgical versus medical
therapy groups, as shown in Table 2. This included se-
vere primary MR (52.3% versus 53.1%), secondary MR

Table 1. Baseline Characteristics at the Time of Recurrent
MR Detection

Mitral Medical

surgery therapy
Baseline characteristics (N=44) (N=98) P value
Age, y 741+8.9 78.6+£10.5 0.01
Male sex, n (%) 30 (68.2) 70 (71.4) 0.70
White race, n (%) 44 (100.0) 93 (94.9) 0.32
Body mass index, kg/m? 28.9+5.9 26.8+4.9 0.03
Smoking, n (%) 27 (61.4) 51 (52.0) 0.30

Hypertension, n (%) 38 (86.4) 83 (84.7) 0.80
Dyslipidemia, n (%) 31 (70.5) 70 (71.4) 0.91
Diabetes, n (%) 14 (31.8) 28 (28.6) 0.67
Known coronary artery disease, | 28 (63.6) 57 (68.2) 0.54
n (%)

Prior myocardial infraction, n (%) | 9 (20.5) 27 (27.6) 0.37
Prior percutaneous coronary 14 (31.8) 31(31.6) 0.98
intervention, n (%)

Coronary artery bypass grafting, | 14 (31.8) 32 (32.7) 0.92
n (%)

Prior sternotomy, n (%) 21 (47.7) 35 (35.7) 0.18
STS risk of operative mortality, 9.0+4.7 7.9+4.9 0.22
n (%)*

Peripheral arterial disease, n (%) | 6 (13.6) 19 (19.4) 0.41
Prior transient ischemic attack/ 10 (22.7) 12 (12.2) 0.1

stroke, n (%)

Obstructive sleep apnea, n (%) 23 (52.3) 33(33.7) 0.04

End stage renal disease, n (%) 24.5) 440 0.99

Pacemaker, n (%) 7 (15.9) 25 (25.5) 0.20

Excluded Chronic lung disease, n (%) 12 (27.9) 27 (27.6) 0.97

" (N=17) Congestive heart failure, n (%) 37 (84.1) 87 (88.8) 0.44

J NYHA IIl, n (%) 30682 | 60612 | 043

NYHA IV, n (%) 6 (13.6) 19 (19.4) 0.40

(N=44) I\(IINejllglfa)l Atrial fibrillation, n (%) 26 (59.1) 62 (63.3) 0.64
MVR Therapy Paroxysmal, n (%) 7 (15.9) 22(22.4) | 0.37
Permanent, n (%) 17(38.6) | 40(40.8) | 0.81

Figure 1. Study flow chart.
MVR indicates mitral valve replacement.
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MR indicates mitral regurgitation; NYHA, New York Heart Association;
STS, Society of Thoracic Surgeons.
*STS at the time of recurrent MR.



El Shaer et al

(13.6% versus 14.3%), and mixed etiology MR (34.1%
versus 32.6%) in the surgical versus medical groups
respectively. One MitraClip was implanted in 59.2%
versus 50.0% of patients, and 2 clips were implanted
in 40.8% versus 50.0% of patients in the surgery and
medical management groups, respectively. Successful
MR reduction to <Moderate (81.8% versus 87.8%) and
mitral gradient (4.6+2.2 versus 4.0+1.8mmHQg) were
also similar in the 2 groups. The percentage of failed
cases per year was defined as patients presenting with
moderate to severe or severe MR. During the initial ex-
perience in 2014, the failure rate was 30%. Yet, in the
past 2years, it was only 20% and 5%, respectively
(Figure 2).

Echocardiographic Characteristics

The time from the index TEER procedure to de-
tection of severe recurrent MR was similar in both
groups (mean+SD 230+331 versus 285+380days,
median [interquartile range] 97.5 [39.5-384] versus
93.5 [40-389] days in the surgical versus medical
groups, respectively [P>0.05]) (Figure 3). There were
several differences in the echocardiographic param-
eters at the time of recurrent MR detection. Patients
in the surgical group had a higher mean LV ejection
fraction (58.1+£9.7% versus 47.1+15.8%, P<0.001)
compared with patients treated medically. They also
had smaller LV dimensions but similar right ventricular
systolic pressure and a similar prevalence of >mod-
erate tricuspid regurgitation. (Table 3). Three types of
recurrent MR mechanisms were seen at follow-up.
Single leaflet device attachment (22.2% versus 2.3%,
P<0.001) was more prevalent in the surgical group as
compared with the medical group, but similar rates of

Table 2. Index TEER Procedure Characteristics

Mitral Medical
surgery therapy
TEER procedure details (N=44) (N=98) P value
Etiology of MR
Primary, n (%) 23(52.3) | 52(53.1) | 0.93
Secondary, n (%) 6 (13.6) 14 (14.3) | 0.92
Mixed primary/secondary, n (%) 15 (34.1) 32 (32.6) | 0.87
Number of TEER devices
1 clip implanted, n (%) 26 (569.2) | 49(50.0) | 0.32
2 clips implanted, n (%) 18 (40.8) | 49(50.0) | 0.32
Post-TEER deployment
<Moderate MR, n (%) 36(81.8) | 86(87.8) | 0.35
Mitral gradient, mmHg 4.6+2.2 4.0+1.8 0.13
Tricuspid regurgitation
Moderate, n (%) 10(22.7) | 23(23.4) | 0.92
Severe, n (%) 6 (13.6) 20 (20.4) | 0.33

MR indicates mitral regurgitation; and TEER, transcatheter edge-to-edge
repair.

J Am Heart Assoc. 2022;11:026236. DOI: 10.1161/JAHA.122.026236
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progressive worsening MR of the previously treated
zone (66.6% versus 77.9%, P=0.25) and new leaflet
pathology (11.1% versus 19.7%, P=0.30) were ob-
served, as shown in Figure 4.

Operative Characteristics and Outcomes

The time interval between detection of recurrent MR
and mitral valve surgery is shown in Figure 5. Among
the 44 patients who underwent mitral valve surgery for
recurrent MR, 4 had concurrent severe mitral stenosis.
Six patients with functional MR underwent surgery be-
cause of a concomitant indication including tricuspid
repair, tricuspid annuloplasty, ligation of the left atrial
appendage, or coronary artery bypass graft. In addi-
tion, 12 patients underwent the index TEER procedure
at other institutions. Surgeries were performed through
a median sternotomy in 40 patients, and through
right thoracotomy in 4 patients. Mitral valve replace-
ment was required in all patients, with most patients
(79.6%) receiving a tissue prosthesis. Atraumatic clip
removal was feasible in 8 (18.2%) patients with sin-
gle leaflet device attachment. However, significant fi-
brosis preventing atraumatic clip removal was noted
in 34 (81.8%) of patients. This required partial resec-
tion of the fibrotic valvular tissue surrounding the clip
but the subvalvular apparatus was preserved. Atrial
septostomy closure was performed in all 44 patients,
and most patients underwent at least 1 concomitant
procedure (Table 4). Median aortic cross-clamp and
bypass time was 85.0 (58.0-106.5) and 131.5 (98.2—
160.2) minutes, respectively. The median duration of
mechanical ventilation was 9.2 (4.0-51.0) hours; the
median duration of intensive care stay was 66 (24.0—
139.7) hours; the median length of hospital stay was
10.6 (7.0—22.5) days. Operative mortality occurred in 2
patients (4.5%; observed/expected operative mortality
ratio=0.55). Postoperative complications were uncom-
mon as shown in Table 5.

40%
35% -
30% -
25%
20%
15%
10% -
5%
0%
2012

T T T 1
2016 2018 2020 2022

Year

T
2014

Figure 2. The percentage of failed cases per year.
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Figure 3. Time interval between index edge-to-edge procedure and detection of severe recurrent mitral regurgitation.

Comparative Analysis of Mitral Surgery
Versus Medical Therapy

Median follow-up duration was 871 (interquar-
tile range 479-1684) versus 434 (interquartile range

Table 3. Echocardiographic Parameters at the Time of
First Detected Recurrent MR

Mitral Medical
First echocardiogram surgery therapy
with recurrent MR (N=44) (N=98) P value
Days to recurrent MR 230.3+£330.7 285.1+379.6 | 0.38
LV ejection fraction, (%) 58.1+9.7 471+£15.8 <0.001
Heart rate, bpm 71.3£14.2 73.6+12.5 0.43
Mitral gradient, mmHg 5.6+3.0 4.9+2.5 0.17
LV end-systolic diameter, 36.3+6.0 42.2+11.8 0.001
mm
LV end-diastolic diameter, 53.0+4.7 56.9+9.1 0.004
mm
Right ventricular systolic 55.0+12.1 52.5+12.9 0.35
pressure, mmHg
Mitral annular 11 (25) 44 (44.9) 0.02
calcification, n (%)
Severity of tricuspid regurgitation
>Moderate, n (%) 23 (62.3) 54 (565.1) 0.75
Moderate, n (%) 14 (31.8) 30 (30.6) 0.89
Severe, n (%) 9 (20.5) 24 (24.5) 0.60

LV indicates left ventricular; and MR, mitral regurgitation.

J Am Heart Assoc. 2022;11:026236. DOI: 10.1161/JAHA.122.026236

186-829) days for the surgical versus medical
therapy groups, respectively (P<0.001). During fol-
low-up, a total of 50 patients died: 15 in the sur-
gical group and 35 in the medical treatment arm.
Kaplan—Meier analysis showed a significantly lower
mortality in the surgical group (log-rank P=0.0014)
(Figure 6). In the Cox model, after adjusting for age,
body mass index, LV ejection fraction, and LV di-
mensions, mitral valve surgery was associated with
significantly lower all-cause mortality (adjusted HR,

100% -

80%+

60%+

Mechanism of recurrence

\ = SLDA
mm Progressive worsening of treated area
mu New pathology

40%

20%

0% e ———

Figure 4. Mechanism of severe recurrent mitral
regurgitation in the medical therapy and mitral valve surgery
groups.

SLDA indicates single leaflet device attachment.
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Figure 5. Time interval between detection of severe recurrent mitral regurgitation and mitral valve surgery in the surgical cohort.

0.36 [95% Cl, 0.15-0.85], P=0.02) (Table 6). A sec-
ondary analysis including only patients with recur-
rent MR (n=122) revealed similar findings (adjusted

Table 4. Operative Characteristics

Operative characteristics

Mitral surgery

Median sternotomy, n (%) 40 (90.9)
Right thoracotomy approach, n (%) 4(9.1)
Mitral valve surgery
Mitral valve replacement, n (%) 44 (100)
Mechanical, n (%) 9 (20.4)
Tissue, n (%) 35 (79.6)
Associated cardiac procedures
Atrial septostomy closure, n (%) 44 (100)
Coronary artery bypass grafting, n (%) 9(20.4)
Tricuspid valve surgery, n (%) 19 (43.2)
Exclusion of left atrial appendage, n (%) 4(9.1)
Maze procedure, n (%) 2(4.5)
Aortic surgery, n (%) 2 (4.5)

Aortic cross-clamp time, min

85.0 (58.0-106.5)

Cardiopulmonary bypass time, min

131.5 (98.2-160.2)

Intraoperative transfusions

Red blood cell transfusion, n (%) 23 (52.3)
Platelet transfusion, n (%) 27 (61.4)
Fresh frozen plasma transfusion, n (%) 21 (47.7)
Cryoprecipitate transfusion, n (%) 4(9.1)

J Am Heart Assoc. 2022;11:026236. DOI: 10.1161/JAHA.122.026236

HR, 0.24 [95% CI, 0.09-0.69], P=0.008) (Figure 7
and Table 7). Moreover, the rate of rehospitalization
for heart failure was 14.3% in the medical group as
compared with 9.1% in the surgery group. The sur-
vival analysis demonstrated a significantly higher
incidence of readmission for heart failure (log-rank

P=0.02) (Figure 8).

Table 5. Operative Outcomes After Mitral Valve Surgery

Operative outcomes

Mitral surgery

Operative mortality, n (%) 2 (4.5)

Length of mechanical ventilation, h (IQR) 9.2 (4.0-51.0)
Intensive care unit length of stay, h (IQR) 66.0 (24.0-139.7)
Hospital length of stay, d (IQR) 10.6 (7.0-22.5)
Postoperative atrial fibrillation, n (%) 15 (34.1)
Pneumonia, n (%) 9(20.4)

Renal failure, n (%) 10 (22.7)
Delayed sternal closure, n (%) 5(11.3)
Gastrointestinal bleeding, n (%) 4 (13.6)
Intra-aortic balloon pump use, n (%) 4(9.9)

Sepsis, n (%) 24.5)
Extracorporeal membrane oxygenation use, n (%) | 2 (4.5)
Reexploration for surgical bleeding, n (%) 1(0.3

Stroke, n (%) 1(0.3

|IQR indicates interquartile range.
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Figure 6. Kaplan-Meier survival curves for all-cause mortality in patients with severe persistent or recurrent mitral

regurgitation after TEER stratified by treatment strategy.
TEER indicates transcatheter edge-to-edge repair.

DISCUSSION

This study documents 2 novel findings: (1) mitral sur-
gery for persistent or recurrent severe MR after TEER
at experienced mitral centers can be performed with
favorable outcomes; and (2) compared with medical
therapy, surgery is associated with a substantial re-
duction in all-cause mortality during midterm follow-
up. These findings deserve further elaboration.

Mitral TEER has become a popular treatment option
for selected patients with severe symptomatic MR with
~10000 cases performed in 2019. The volume trends

with TEER are expected to further grow considerably
with the publication of the COAPT (Cardiovascular
Outcomes Assessment of the MitraClip Percutaneous
Therapy for Heart Failure Patients With Functional Mitral
Regurgitation) trial and the new American College of
Cardiology/American Heart Association guidelines as-
signing TEER a class lla indication for persistent severe
functional MR despite optimal medical therapy.''®-'°
Despite its proven efficacy as an alternative to surgery
in high-risk patients, recurrent MR has been a concern
with TEER with up to 15% of patients reported to have
significant recurrent MR during midterm follow-up.?45

Table 6. Multivariate Cox Regression Analysis for Prediction of All-Cause Mortality

Univariate Cox model Multivariate Cox model

Characteristics HR (95% CI) P value HR (95% CI) P value
Age 1.003 (0.97-1.03) 0.85 0.99 (0.95-1.03) 0.66
Body mass index 1.001 (0.95-1.05) 0.95 0.97 (0.90-1.05) 0.44
Obstructive sleep apnea 1.24 (0.71-2.18) 0.44 1.93 (0.85-4.37) 0.11

LV ejection fraction 0.98 (0.96-1.002) 0.07 1.02 (0.97-1.06) 0.46

LV end-systolic diameter 1.01 (0.98-1.04) 0.40 1.01 (0.92-1.12) 0.79

LV end-diastolic diameter 1.01 (0.97-1.05) 0.53 1.01 (0.92-1.12) 0.94
Mitral valve surgery 0.36 (0.19-0.69) 0.002 0.36 (0.15-0.85) 0.02

HR indicates hazard ratio; and LV, left ventricular.

J Am Heart Assoc. 2022;11:026236. DOI: 10.1161/JAHA.122.026236
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Figure 7. Kaplan-Meier survival curves for all-cause mortality in patients with severe recurrent mitral regurgitation after

TEER stratified by treatment strategy.
TEER indicates transcatheter edge-to-edge repair.

With the growing volume and the expected expansion
of TEER to the large potential pool of patients with
functional MR and to lower risk patients (with higher
expected longevity), the emergence of a sizable cohort
of patients with recurrent MR is conceivable.
Addressing severe MR after TEER requires a mul-
tifaceted approach that starts with careful patient

selection by the heart team, referral of complex anat-
omies to high-volume centers, and improvement
in procedural planning. Nonetheless, even with ap-
plying the best mitigation strategies, it is expected
that a number of patients will present with recurrent
MR and worsening symptoms. The management of
these patients represent a conundrum. Transcatheter

Table 7. Multivariate Cox Regression Analysis for Prediction of All-Cause Mortality in Patients With Recurrent Mitral

Regurgitation

Univariate Cox model Multivariate Cox model

Characteristics HR (95% CI) P value HR (95% ClI) P value
Age 1.01 (0.97-1.04) 0.48 0.99 (0.95-1.03) 0.58
Body mass index 0.99 (0.94-1.05) 0.86 0.99 (0.91-1.07) 0.79
Obstructive sleep apnea 1.15 (0.62-2.13) 0.65 1.57 (0.65-3.82) 0.32

LV ejection fraction 0.98 (0.96-1.005) 0.12 1.02 (0.97-1.07) 0.50

LV end-systolic diameter 1.007 (0.97-1.03) 0.64 0.99 (0.90-1.10) 0.92

LV end-diastolic diameter 1.004 (0.96-1.04) 0.84 1.01 (0.92-1.11) 0.81
Mitral valve surgery 0.23 (0.10-0.51) <0.001 0.24 (0.09-0.69) 0.008

HR indicates hazard ratio; and LV, left ventricular.
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Figure 8. Kaplan-Meier survival curves for heart failure readmission in patients with severe recurrent mitral regurgitation

after TEER stratified by treatment strategy.
TEER indicates transcatheter edge-to-edge repair.

intervention with redo TEER is often limited by ana-
tomical constraints (residual gradient, small annu-
lus, limited tissue for leaflet insertion and grasping,
etc).'® Use of transcatheter electrosurgical tech-
niques to sever the tissue bridge created by TEER,
followed by transcatheter mitral valve implantation,
has been described in a small case series but is still in
the experimental stage.'® Mitral valve surgery is also
hindered by the high-risk clinical profile and the higher
observed than expected mortality with surgery after
TEER recently reported.’®'® Hence, the optimal man-
agement of patients with recurrent MR after TEER re-
mains an open question.

Data from the Society of Thoracic Surgeons reg-
istry showed worse than expected outcomes with
surgery after failed TEER but included a large number
(n=227) of centers with heterogenous experiences. In
a secondary volume-outcomes analysis, observed-to-
expected mortality was much better in high- versus
low-volume centers, which is in line with our findings.?
However, the novelty in our study is its inclusion of a
risk-adjusted comparative outcomes analysis of sur-
gery versus medical therapy. This analysis showed
that patients with recurrent severe MR after TEER who
undergo surgery have ~65% lower risk-adjusted mor-
tality compared with those treated medically. These

findings suggest that referral to mitral surgery at an ex-
perienced center after failed TEER may be the optimal
management approach in these patients.

Limitations

Our study has several limitations. First, this is a retro-
spective, single-center study and hence is hindered by
the inherent limitations of observational studies. Second,
the study included patients who had TEER at our centers
and at other centers. Hence, it is not possible to accu-
rately estimate the proportion of patients with recurrent
MR after TEER. However, this has been reported before
and it was not the main objective of the study. Third, de-
spite the comparable baseline risk profile between the 2
groups and our adjustment for the different character-
istics using logistic regression, the impact of selection
bias cannot be eliminated. Reasons for not undergoing
surgery in the medical arm included patient or referring
provider preference, the perceived high morbidity and
mortality with the operation, and other factors that could
not be quantified in this study. Nonetheless, it is unlikely
that randomized data on the management of recurrent
MR after TEER will become available. Hence, despite
this limitation, the findings of this study remain informa-
tive and relevant to current practice.
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CONCLUSIONS

Surgical treatment of severe MR after mitral TEER
is feasible but requires mitral valve replacement.
Compared with medical therapy, mitral surgery is as-
sociated with significantly lower risk-adjusted all-cause
mortality during midterm follow-up.
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