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T he introduction of transcatheter aortic va-
lve replacement changed our approach for
those patients with a high-to-prohibitive

risk profile, and, more recently, for those with an in-
termediate-to-low risk profile.[1] Similarly, patients
with mitral valve regurgitation (MVR) can now be-
nefit from various transcatheter technologies, whose
indications and recommendations are the subject of
intense clinical investigation.[2]

Undetected valvular heart diseases may affect
50% of subjects in the elderly population, with an esti-
mated prevalence that is expected to double before
2050.[3] In this scenario, patients affected by MVR may
present a high surgical risk, that frequently con-
traindicates conventional surgery.[4] For this reason,
transcatheter mitral valve technologies (TMVT)
have been suggested by the most recent ESC/EACTS
guidelines as safe alternatives in patients with con-
traindications for surgery or prohibitive operative
risk.[2] Based on good safety and efficacy profiles,
TMVT include edge-to-edge repair, chordal impla-
ntation, direct and indirect annuloplasty, and mitral
valve replacement devices.[5] This broad transcathe-
ter “mitral toolbox” provides the opportunity to treat
every component of the mitral apparatus, offering a
real “patient-tailored” approach, and potentially ex-
panding treatment indications to a wider spectrum
of individuals.[6] We aimed to analyze the impact of
the introduction of TMVT on patients’ referral and
early outcomes at our institution.

We retrospectively reviewed all consecutive pa-
tients with severe MVR (both functional and degen-
erative forms) treated at our institution between Jan-
uary 2009 and December 2018. Patients referred in
the last years were excluded due to the surgical act-
ivity modification consequent to the COVID-19
pandemic. The study was approved by the institu-
tional Ethics Committee (Sep. 2021). Patients were
divided into two “periods” according to the system-
atic adoption of TMVT from January 2014: Surgery-
Only-Period (Jan. 2009-Dec. 2013) and Surgery-TM-
VT-Mixed-Period (Jan. 2014-Dec 2018). The number
of MVR procedures was indexed to the total sur-
gery volume (TSV) of both periods, thus removing a
biasing effect of a different TSV.

Patients in the Surgery-TMVT-Mixed-Period were
assigned to specific treatments based on a Heart
Team discussion. Early outcomes (in-hospital or 30-
days) were defined according to MVARC criteria.
Descriptive statistic was used to summarize data.
Quantitative variables were compared across sur-
gical eras with the independent t-test and categorical
variables with the chi-square test, as appropriate.
Analyses were performed using SPSS 23.0 (IBM
Corporation, Armonk, NY).

In the Surgery-Only-Period, 291 patients were re-
ferred to our center for MVR (9.1% of TSV): 170 pa-
tients (58.4%) underwent mitral valve repair, 119
(39.2%) mitral valve replacement, 4 (1.4%) transap-
ical NeoChord repair, and 3 (1.0%) transcatheter mi-
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tral valve-in-valve replacement (Figure S1). In the
Surgery-TMVT-Mixed-Period, 519 patients were re-
ferred to our center (14.1% of TSV): 248 (47.8%) pa-
tients underwent conventional surgery, while 271
(52.2%) were treated with TMVT (6.7% and 7.4% of
TSV, respectively). Among the 248 conventional op-
erations, 127 (51.2%) were mitral valve replacements
and 121 (48.8%) were mitral valve repairs. Conver-
sely, among the 271 TMVT procedures, 189 (69.7%)
were transapical NeoChord repairs, 58 (21.4%) were
edge-to-edge procedures, 9 (3.3%) were mitral valve-
in-valve procedures, 6 (2.2%) were transapical cho-
rdal Harpoon repairs, 5 (1.9%) were transcatheter
annuloplasties, 2 (0.7%) were valve-in-MAC, 1 (0.4%)
was a valve-in-ring, and 1 (0.4%) was a transapical
edge-to-edge (Figure 1). Table 1 summarizes base-
line characteristics and early postoperative out-
comes of patients.

After the systematic adoption of TMVT, we ob-
served a 54.1% increase in patients’ referral at our
institution (9.1% vs. 14.1%; P < 0.001). In a 5-year
period, TMVT presented a dramatic escalation from
0.2% to 7.4% of TSV (+3244.8%, P < 0.001), while
conventional surgery reduced from 8.9% to 6.7% of

TSV (-25%, P < 0.001). These findings suggest that a
quote of patients who were previously considered
for conventional surgery is currently scheduled for
TMVT and that the absolute number of referred pa-
tients increased.

The introduction of transcatheter devices also
modified the treatment indications for a significant
quote of patients (Figure 2). Isolated MVR showed
an 11.7% increase within total mitral valve interven-
tions between the two periods (71.8% vs. 80.2%; P =
0.007) and a concomitant 18.2% decrease within con-
ventional mitral surgery (71.8% vs. 58.5%; P < 0.001).
While the approach for referred patients with com-
bined diseases involving coronary arteries and/or
other valves remained stable between the two peri-
ods. This confirms our previous findings, proving
that the adoption of TMVT expanded the number of
treated patients both increasing the total number of
patients referred for isolated MVR, and increasing
the number of patients with a prohibitive surgical
risk.

In fact, we registered an increase in patients’ age,
operative risk (EuroSCORE-II), and NYHA-class at
admission across the two eras (Table 1). Convers-

 

Figure 1    Types of conventional and TMVT procedures in the two eras. TMVT: transcatheter-mitral-valve-technologies.
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ely, procedure failure and residual >moderate re-
gurgitation were more frequent in the Surgery-TM-
VT-Mixed-Period because successfully performing
TMVT requires a learning curve and the acquisi-
tion of new procedural and imaging skills.[7]

Despite a more challenging population and a
learning curve for TMVT, early mortality remained
stable between periods (0.4% vs. 2%, P > 0.05), with
a one-third incidence of stroke for TMVT (4.2% vs.
1.5%, P = 0.074) than the earlier era, confirming the

relative safeness of the adoption of TMVT in a pre-
viously purely conventional surgical center.

In conclusion, the introduction of TMVT into our
clinical practice not only increased the number of
referred patients but allowed a safe treatment of a
more complex and frail population. We confirm the
importance of offering a wide spectrum of treatment
options that provide real-world, patient-tailored
strategies for MVR, especially in the elderly popula-
tion.

 

Table 1    Baseline characteristics and early outcomes of patients.

Surgery-Only-Period
(n = 291)

Surgery-TMVT-Mixed-Period
Conventional surgery

(n = 248)
TMVT

(n = 271)
Overall
(n = 519)

Baseline characteristics

　Age, yrs 65.9 ± 12.6 68.1 ± 11.7* 65.5 ± 12.9 66.8 ± 12.4

　EuroSCORE-II, % 2.4 ± 3.3 2.4 ± 2.6 3.3 ± 5.7* 2.9 ± 4.5

　Ejection fraction, % 60.5 ± 10.3 59.6 ± 11.4 62.2 ± 8.3 61.1 ± 9.8

　Left-ventricular EDVI, mL/m² 82.2 ± 21.7 82.6 ± 26.4 81.7 ± 20.9 82.1 ± 23.3

　PASP, mmHg 41.7 ± 16.1 46.1 ± 17 38 ± 13.9 39.9 ± 15.1

　Male 182 (62.6%) 165 (66.5%) 204 (75.3%)* 369 (71.1%)*

　NYHA class ≥ 3 108 (37.1%) 86 (34.7%) 133 (49.1%)* 219 (42.2%)*

　Reinterventions 31 (10.7%) 36 (14.5%) 36 (13.3%) 72 (13.9%)

　Degenerative MVR 246 (84.5%) 210 (84.7%) 231 (85.2%) 441 (85%)

　Functional MVR 45 (15.5%) 38 (15.3%) 40 (14.8%) 78 (15%)

Early Outcomes

　ICU stay, days 1.9 ± 2.3 3.4 ± 7.8* 1.5 ± 1.6* 2.4 ± 5.6)

　Total hospital stay, days 10.6 ± 6.3 13.5 ± 17.8* 10.2 ± 9.9 11.8 ± 14.2)

　Ejection fraction, % 54.7 ± 10.3 52.1 ± 9.1* 50.5 ± 12.3* 51.2 ± 11*

　Left-ventricular EDVI, mL/m² 66.5 ± 20.6 65.3 ± 20.1 78.4 ± 28.5* 71.9 ± 25.5*

　Residual MVR > moderate 8 (2.7%) 5 (2%) 26 (9.6%)* 31 (6%)*

　Technical success 286 (98.3%) 247 (99.6%) 262 (96.7%) 509 (98.1%)

　Device success 284 (97.6%) 246 (99.2%) 258 (95.2%) 504 (97.1%)

　Procedure success 283 (97.3%) 238 (96%) 253 (93.4%)* 491 (94.6%)

　All-cause death 1 (0.4%) 4 (1.6%) 6 (2.2%) 10 (1.9%)

　Cardiovascular death 1 (0.4%) 4 (1.6%) 5 (1.9%) 9 (1.7%)

　Stroke 12 (4.1%) 9 (3.6%) 4 (1.5%) 13 (2.5%)

　Acute myocardial infarction 1 (0.4%) 0 1 (0.4%) 1 (0.2%)

　Reintervention Rate 8 (2.7%) 10 (4%)* 7 (2.6%) 17 (3.3%)*

Data are presented as mean ± SD or n (%). *P < 0.05 at independent t-test between the two periods. EDVI: end-diastolic volume-index;
ICU: intensive care unit; MVR: mitral valve regurgitation; PASP: pulmonary artery systolic pressure; SD: standard deviation; TMVT:
transcatheter-mitral-valve-technologies.
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Figure 2    Indications’ to surgery variations across the two eras. MV: mitral valve.
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