
D E S I G N  E V O LU T I O N  O F  T H E  M I T R AC L I P ™ D E V I C E
Sponsored by Abbott

VOL. 17, NO. 5 SEPTEMBER/OCTOBER 2023 SUPPLEMENT TO CARDIAC INTERVENTIONS TODAY 21 

T he continual design evolution over four genera-
tions of MitraClip™ (Abbott) products has estab-
lished the foundation of transcatheter edge-to-
edge repair (TEER) therapy and set a bar to which 

other emerging repair devices and methodologies are com-
pared. MitraClip devices are intentionally designed to repair 
a regurgitant valve by restoring leaflet coaptation while also 
providing a second important benefit of applying a stabiliz-
ing effect on the valve annulus. Together, these mechanisms 
reduce mitral regurgitation (MR) while favorably improving 
the long-term function of the mitral valve (MV) and left 
ventricle. The design features of MitraClip TEER systems 
have evolved to improve the amount of MR reduction 
achieved (Figure 1) and further enhanced the effectiveness 
of the beneficial mechanisms as described in this article. 

LEAFLET CAPTURE AND RESTORED 
COAPTATION 

MitraClip devices enable the user to restore leaflet 
coaptation during cardiac systole. With each genera-
tion, MitraClip devices have increased the amount of 
leaflet that can be captured and coapted through a 
wider grasping angle and improved gripper (NT), longer 
Clip arms (MitraClip XTR), independent leaflet capture 
functionality (G4), and wider Clip arms (G4 NTW and 
XTW Clip sizes). Importantly, even with the introduc-
tion of new larger Clip sizes, smaller Clip sizes continue 
to be used at significant rates. In all device generations, 

the gripper design secures leaflets deep inside the Clip 
arms with rows of frictional elements distributed along 
the full length of the gripper. As shown in Figure 2, the 
entire length of leaflet inserted in a G4 XTW Clip during 
leaflet grasping (at an arm angle of 120°) is maintained 
within the Clip arm during the closure of a Clip. When 
measuring leaflet insertion with simulated leaflets made 
of a range of materials (such as foam and silicone) and of 
different thicknesses (up to approximately 3-mm thick), 
leaflet insertion during grasping was found to be the 
same as after closure. The position of the gripper friction-
al element rows (along the entire gripper length and par-
ticularly the innermost rows) secure leaflets in place and 
prevent any slippage or loss of leaflet insertion during 
Clip closure. This design ensures that the full amount of 

Therapeutic Benefits of TEER 
With the MitraClip™ Device
Setting the bar for transcatheter mitral valve repair with unparalleled outcomes.

“Despite the fact that patients 
with symptomatic severe 
secondary MR suffer from 
high morbidity and mortality 
rates, additional options with 
guideline-directed medical 
therapy are limited and surgery 

is not possible. In these patients, the MitraClip 
TEER procedure provides a disruptive therapy 
as impressively shown in the COAPT trial.”

– Georg Nickenig, MD

Figure 1.  Therapeutic benefits of MitraClip™ TEER.

See Important Safety Information referenced within.



D E S I G N  E V O LU T I O N  O F  T H E  M I T R AC L I P ™ D E V I C E
Sponsored by Abbott

22 SUPPLEMENT TO CARDIAC INTERVENTIONS TODAY SEPTEMBER/OCTOBER 2023 VOL. 17, NO. 5

leaflet inserted is retained, which maximizes the restored 
coaptation after the Clip is closed onto leaflets.

ANNULUS REDUCTION AND 
STABILIZATION

In chronic MV disease, the MV annulus tends to enlarge 
and flatten as heart failure (HF) progresses to a worsened 
state.1,2 This pathologic change to the valve anatomy is 
interrupted and reversed by the implantation of MitraClip 
device(s), which restores long-term coaptation and pro-
vides an annulus cinching effect. This annulus cinching 
effect of MitraClip device implantation was first described 
in 2012 by Feldman and St. Goar based upon observa-
tions in the EVEREST trial3 and has since been further 
described in subsequent studies (Table 1).4-14 This annulus 
remodeling effect is more prominently observed in sec-
ondary MR (SMR) disease; however, some studies listed 
in Table 1 have also demonstrated annulus reduction in 
primary MR (PMR), particularly when PMR sample size 
was large or when the XTR device was evaluated.4,5 The 
study time frames encompass large sets of patients and 

include follow-up out to 1 year, thus indicating that the 
effects of annular reduction and related MR reduction 
are maintained over time, and no studies reported any 
adverse trends in mean gradient. As noted in several stud-
ies (Table 1), annulus changes were observed directly after 
Clip implantation including reduction in valve annulus 
area, reduction in the anterior-posterior (AP) diameter, 
increase in ellipticity, and partial restoration of the saddle-
shape of the valve annulus. These observations illustrate 
the sustained annuloplasty effect of the MitraClip device 
and highlight the importance of implant material choice. 
Unlike more flexible materials like nitinol and polymeric 
sutures, the MitraClip device’s unique locking mechanism 
and Elgiloy® (Elgiloy Specialty Metals) arm design stabilizes 
the annulus and results in restored leaflet-to-leaflet coap-
tation throughout the cardiac cycle.15,16

As shown in Figure 3,4,15 dynamic annular measurements 
obtained throughout the entire cardiac cycle indicate that 
Clip implantation provides constant support and stability 
to the annulus during both systole (when the valve seals 
during ventricular contraction) and diastole (when the valve 
dynamically enlarges to support filling of the ventricle).15 
The amount of AP reduction achieved during a MitraClip 
procedure has been found to correlate with the amount of 
MR reduction achieved during TEER therapy, which sup-
ports the importance of this annulus remodeling effect on 
cardiac hemodynamics.4,8,11 Studies listed in Table 1 also 
concluded that AP reduction correlates with improved 
New York Heart Association (NYHA) functional class and 
6-minute walk tests scores, which provide measures of 
HF and quality of life.9,11 Finally, studies incorporating the 
recently available longer (MitraClip XTR) and wider arms 
(MitraClip G4) have indicated an increased remodeling 

Figure 2.  Leaflet insertion and coaptation with simulated 
(foam) leaflets after grasping (A) and Clip closure (B). 

Figure 3.  Illustration of MV AP diameter reduction due to MitraClip™ implantation (left) alongside AP diameter difference plot-
ted throughout the cardiac cycle (right). Note that the black line indicates AP diameter prior to Clip implantation and the blue 
line indicates AP diameter after Clip implantation. 
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effect on the annulus. This finding suggests that the longer 
and wider stable Clip arm designs in the MitraClip G4 prod-
uct support the annulus to a greater extent than the smaller 
first-generation Clip size.5,14 These studies also support that 
the MitraClip G4 system allows users to select among four 
Clip sizes to better tailor and optimize the overall repair by 
achieving better long-term MR reduction and greater annu-
lus remodeling benefits while maintaining acceptable MV 
gradients that remain stable over time.14,17

VENTRICULAR REMODELING 
In secondary MV disease, the left ventricle becomes pro-

gressively more spherical and enlarges as HF progresses.18 

As demonstrated in the COAPT™ RCT, patients with severe 
SMR treated with MitraClip and guideline-directed medi-
cal therapy (GDMT; device group) had significant reduc-
tions in left ventricular end-diastolic volume (LVEDV) and 
left ventricular end-systolic volume (LVESV) over 2 years 
when compared to patients in the control group treated 
with GDMT alone.19 These data are plotted in Figure 4,19 
indicating that Clip implantation can produce immediate 
reduction in LVEDV and significantly slows down the pro-
gression of ventricular enlargement at time points out to 
2 years. As indicated by the difference between the curves, 
the benefit of MitraClip device implantation over the con-
trol group increases over time. 

TABLE 1.  STUDIES CHARACTERIZING MITRAL VALVE ANNULUS REMODELING AFTER MITRACLIP™ IMPLANTATION
Author (Year) Patients Studied Follow-Up Statistically Significant Findings After Clip Implantation (P ≤ .05)

Schmidt et al (2013)6 n = 14 PMR; n = 41 SMR Acute Reduction in AP diameter, annulus and tenting area in SMR

Schueler et al (2013)7 n = 36 PMR; n = 71 SMR 6 mo Reduction of AP diameter and annulus area in SMR; acute AP diameter reduction associated with 
improved functional outcomes at 6-mo follow-up in SMR

Hidalgo et al (2016)8 n = 30 SMR Acute Reduction of AP diameter in SMR; AP reduction associated with ROA reduction

Schueler et al (2016)9 n = 24 PMR; n = 60 SMR 1 y Reduction of AP diameter and annulus area in SMR; annulus changes remained significantly 
reduced at 1-y follow-up and correlated with sustained MR reduction and improved 6MWT

Al Amril et al (2016)10 n = 42 SMR 3 mo Annulus becomes more elliptical post–Clip implantation

Herbrand et al (2017)11 n = 45 SMR 6 mo Greater AP diameter reduction after Clip implantation was associated with more favorable 
improvements in NYHA heart failure classification, quality of life, and 6MWT results

Patzelt et al (2017)4 n = 77 PMR; n = 106 SMR 6.7 mo Immediate reduction of AP diameter in both SMR and PMR; residual MR was inversely correlated with 
MV AP reduction; AP diameter reduced further at 6.7-mo follow-up

Mantegazza et al (2018)12 n = 38 PMR; n = 42 SMR 6 mo Reduction in MV area, circumference, AP diameter, MV flatness (nonplanar angle), and spheric-
ity index

Garcia et al (2019)13 n = 10 PMR; n = 38 SMR 6 mo Greater reduction in MV AP diameter in SMR vs PMR; reduction in MV AP diameter correlated with 
grasped leaflet length; AP diameter reduction correlated with lower probability of MR recurrence

Tusa et al (2021)5 n = 26 PMR; n = 33 SMR Acute Reduction of AP diameter and saddle shape recovery in SMR; significant improvement in saddle 
index with XTR in SMR and DMR

Alperi et al (2023)14 n = 40 SMR (G1-G3); n = 76 SMR 
(G4)

1 y Greater reduction in AP diameter, annulus area, and annulus perimeter for G4 vs earlier devices; no 
MR recurrence at 1 year for G4 vs 12.4% for G1-G3

Abbreviations: 6MWT, 6-minute walk test; AP, anterior-posterior; DMR, degenerative mitral regurgitation; G1, generation one; G3, generation three; G4, generation four; MR, mitral regurgitation; 
MV, mitral valve; NYHA, New York Heart Association; PMR, primary mitral valve regurgitation; ROA, regurgitant orifice area; SMR, secondary mitral valve regurgitation.

Figure 4.  Two-year LVEDV and LVESV data from the COAPT study comparing MitraClip™ plus GDMT (device group) and GDMT 
alone (control group).19
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DURABLE MR REDUCTION AND LONG-
TERM QUALITY-OF-LIFE IMPROVEMENT

The most profound difference made by the MitraClip 
therapy is the impact it has had on peoples’ lives. Since 
the first Clip was implanted some 20 years ago, more 
than 200,000 patients and their families have benefited 
from the MitraClip TEER therapy in real-world clinical 
practice. As demonstrated in recent larger contempo-
rary studies, EXPAND and EXPAND G4, patients treated 
with MitraClip devices implanted feel better—experi-
encing significant improvements in NYHA functional 
class and quality of life (as measured per Kansas City 

Cardiomyopathy Questionnaire [KCCQ] score) with 
these improvements being maintained through 30 days 
and 1 year after MitraClip implantation. EXPAND 
reported NYHA functional class I or II in 80.1% at 30 days 
and 80.3 % at 1 year, and KCCQ scores of 67.0 at 30 days 
and 70.2 at 1 year.20 Even at 5 years, MR reduction is sus-
tained across multiple studies in PMR and SMR popula-
tions with previous generation devices (Figure 5),16,21,22 
and as reported in the COAPT trial, symptomatic status 
per NYHA class was improved throughout follow-up 
and consistent reductions in the risks of death and 
hospitalization for HF were observed.17 Throughout all 
MitraClip device generations and all the clinical evidence, 
the outcomes are abundantly clear: patients feel signifi-
cantly better in the days and years after treatment with 
MitraClip TEER therapy.23  n
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Figure 5.  Percentage of patients with MR of ≤ 2+ at follow-up 
time points out to 5 years after MitraClip™ device implantation 
for all MR, primary MR, and secondary MR disease states.16,21,22


