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The patient centered care and shared DM
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Clinical examination

Heart Team evaluation
* Risk stratification including use
of clinical scores
* Timing and type of treatment
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Shared treatment decision
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Heart Valve Centre : high volumes for complex interventions

Transcatheter interventions

Transfemoral TAVI in patients with high-risk features:

o Low coronary ostia

o Difficult femoral anatomy

o Bicuspid valve

o Severe calcification protruding into the LVOT

o Severe LV and/or RV impairment

o Pure AV regurgitation

o Multiple valve disease

o Complex coronary artery disease

o Severe extracardiac disease (e.g. renal failure, PH)
Non-transfemoral TAVI

Valve-in-valve (including TAV-in-TAV)

All leaflet modification procedures (BASILICA, LAMPOON etc.)
PVL closure

Complex M-TEER

Redo M-TEER procedures

Tricuspid or mitral valve-in-ring or valve-in-valve, valve-in-MAC
TMVI

All tricuspid procedures

Surgical interventions

* High-risk procedures (especially in patients with LV
and/or RV impairment)

* Redo procedures

* Minimally invasive and robotic valve surgery

* Complex MV repair
o Barlow disease
o Anterior or bileaflet prolapse
o High risk of SAM
o Severe MAC

* AV repair

* Ross procedure

* Valve surgery combined with complex surgery of the
aorta

* Endocarditis surgery

Referring cardiologists and primary care physicians

/

Heart Valve Centre

* Institutional cardiology and
cardiac surgery departments
with 24 hour/7 day services

* Heart Team meeting on a
regular basis

« High procedural volume
for hospital and individual
operators

* Multimodality imaging
expertise

* Data review and education
programmes

Heart Valve Clinic \

Standardized
organization of care

providing guideline-directed

diagnosis, treatment and

follow-up of patients
with VHD
Heart Team core members
Electro- Cardiac HF
physiologist surgeon cardiologist

Clinical cardiologist
with expertise in
imaging

Specialized nursing
personnel and
other specialists,
if required

Interventional
cardiologist

Extended Heart Team

habili

y ion pr
Rehabilitation clinics

—
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Imaging : an holistic and integrative approach

Assessment of AR s——»

>

Criteria for
severe AR

Mechanism

LV damage

Qualitative

* Abnormal valve morphology
* Flail cusp
* Large coaptation defect

Semi-quantitative

« Vena contracta >6 mm

* PHT <200 ms

« Large central jet (265% of LVOT diameter)

= Holodiastolic flow reversal in descending
aorta (EDV =20 cm/s)

Quantitative

J—I—l

+ EROA 230 mm?
* RVol 260 mL/beat
» RF >50 % (echo)

RF >40% (CMR)

= Cusp prolapse
= Cusp retraction
= Cusp perforation

Cusp malcoaptation
with leaflet
malcoaptation

—
T
CMR
—

LVEF?

= LVESDI®
= LVESVi®

|

Associated diseases
and conditions

Planning and guiding of interventions,
assessment of complications
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« Diagnosis and quantification of valve
dysfunction

« Cardiac chamber anatomy and function

« Cardiac damage and remodelling

« Follow-up

| ccr

« Cardiac anatomy and access
« Assessment of calcifications
* Exclusion of CAD

Evaluation of VHD N \'
dynamics and variability § * Al

!/ \
[ A
&)

Assessment of extra valvular
/| cardiac consequences from VHD
/

Evaluation of eligibility for
intervention and risk stratification

= CMR

TOE

* Mechanism(s) of VHD

* Higher resolution to assess valve
anatomy

« 3D visualization of valves

+ Guiding of interventions

« Chamber volumes and function
« Regurgitant fraction
* Myocardial fibrosis

@Eesc @eacis—
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New an revised recommendations
Imaging : Prominent role of CCTA

Recommendations Class Level
Diagnosis of coronary artery disease

Omission of invasive coronary angiography should be considered in TAVI candidates, if la B
procedural planning CCTA is of sufficient quality to rule out significant CAD. N
Management of coronary artery disease in patients with valvular heart disease

CCTA should be considered as an CCTA is recommended before valve

alternative to coronary angiography lla C intervention in patients with moderate ! B

before valve surgery in patients with - or lower (£50%) pre-test likelihood of
severe VHD and low probability of CAD. obstructive CAD.
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Recommendations PMR
Management

10
Recommendations Class® Level®
Secondary outcome determinants in DMR
09 MV surgery is recommended in asymptomatic
z S Gl DR patients with severe PMR and LV dysfunction
(L [ istivnintebiontil (LVESD >40 mm or LVESDi >20 mm/m? or
= « Atrial Fibrillation 522,544,545
; + Moderate o severe TR LVEF <60%).
LAVI 2 60 ml/m? PAP = 50 H; 2 A i . .
e . e g 9 Surgical MV repair is recommended in low-risk
w
= NoSecondary OuSame Beterminants Reference asymptomatic patients with severe PMR without LV
0.6 === 1 Secondary Outcome Determinant HR 1.6, 95% Cl 1.1 to 2.2, P=0.011 2
~— 2 Secondary Outcome Determinants HR 1.8, 95% Cl 1.2 to 2.6, P=0.002 dysfunction (LVESD <40 mm, LVESDi <20 mm/m 2
=== 3 or 4 Secondary Outcome Determinants HR 2.6, 95% CI 1.7 to 3.8, P<0.0001
Atrial fibrillation > moderate FTR i and LVEF >60%) when a durable result is likely, if at
00 25 50 75 100 least three of the following criteria are
) 1 1.517,547,562-564
Butcher SC et al. EHJ 2023 Time (Years) fulfilled:

HR vs Left Ventricular End- HR vs Left Ventricular End-Systolic Dimension Indexed * AF

* SPAP at rest >50 mmHg

+ LA dilatation (LAVI >60 mL/m? or LA
diameter >55 mm)

+ Concomitant secondary TR > moderate.

MV surgery should be considered in asymptomatic

patients with severe PMR without LV dysfunction \/“ﬁ E/\\
S
(LVESD <40 mm, LVESDi <20 mm/mz, and LVEF L
35 40 T T T >60%) in the presence of PH (SPAP at rest
> 5 2.00 225 2.50 517.518.562.565
Left Ventricular End-Systol Left Ventricular End-Systolic Dimension Indexed (cm/m?2) >50 mmHg), or AF secondary to MR.>"/21%2%%

Adjusted for Age, Ejection FLa_Etigrl,"NYHl‘\ fl Adiusted for Aae. Eiection Fraction. NYHA Functional Class. and History of AF.



Mean mitral valve gradient, mm Hg
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Recommendations PMR

Management

length of stay and accelerate recovery.

TEER should be considered in symptomatic patients with severe PMR who are
anatomically suitable and at high surgical risk according to the Heart Team.
Minimally invasive MV surgery may be considered at experienced centres to reduce the

S Unsuccessful procedure 2067/18 766
" (11.0%)
Mild MR or less Moderate MR
) and and
v mitral gradient imitral gradient c
= 5-10 mm Hg 5-10 mm Hg g
A 2221/18766 1207/18 766 2
(11.8%) (6.4%) 2
[
Mild MR or less Moderate MR §
“ .ﬂ "
| mitral gradient mitral gradient g
“ <5 mm Hg <5 mm Hg €
9824/18766 3447/18 766
(52.4%) (18.4%)
Mild MR Moderate Higher than
or less MR moderate MR
Residual MR

‘ A | Mortality by MR success

304
Adjusted hazard ratio, Unsuccessful
254 0.49 (95% Cl, 0.42-0.56) .
P<.001
®
= 207 =
-
=
215
;_'E Successful
S 104
=

0 2 4 6 8
Months after procedure
Procedure result, No.

Successful 12788 9658 9224 8990 8784
Unsuccessful 1669 1124 1020 983 935
Makkar RR et al JAMA 2023

Changa in MVPA from baseline to 6 weeks (miniday)

225 .

Mini Stemotomy

Change in MVPA from baseline to 12 weeks (min/day)

Mini Sternotomy
(N=166) (N=163)
Hospital LOS in days 503) 53] pvalue:
(median {IQR]) p=0.003
[ 'Stay in intensive care (hours}- 23.03(21.6) 21.7(9.2)
median {IQR)
Early discharge 55(33.1) 25(15.3) 0dds Ratio (95%C); p-value

(<=4 days post-surgery)

2.81 (1.6,4.94); <0.001

DAOH at 30 days after surgery
{meanz5D; n)

23.5744.45; 161

22.3815.13; 147

Difference (95%Cl); p-value
1.05 (1.01,1.11); 0.03

Mini

Sternotomy

DAOH at 90 days after surgery
{mean4sD; n)

82.749.96; 161

80.52414.17; 147

Akowuah EF et al JAMA 2023

Difference (95%C1); p-value
1.03 (1,1.05); 0.03




Phenotypes of SMR

Different management

| . Key criteria -

LVEF <50% with or without
regional wall abnormalities

LVEF =50% without regional
wall motion abnormalities

Atrial
SMR

Ventricular
SMR

Restrictive leaflet motion
with tethering

No or mildly dilated LV cavity?
without leaflet tethering

Mitral annulus dilatation

(AP >35 mm) Normal leaflet morphology

Enlarged LA (LAVI >34 mL/m?) Central or eccentric jet

( Additional echocardiographic criteriaP

Normal leaflet motion Dilated LV

Normal leaflet morphology Dilated LA

Usually central jet Dilated MV annulus

Additional clinical criteria

Atrial fibrillation Ischaemic heart disease

HFpEF Dilated cardiomyopathy

@Esc @cencrs—

A LV end-diastolic dimension of <56 mm in females and <63 mm in males; indexed LV end-
diastolic volume <71 mL/m2 (in women) or <79 mL/m2 (in men).

B Additional echocardiographic criteria for atrial SMR may no longer be fulfilled in advanced
stages.

Patient with severe symptomatic SM

Ventricular SMR QL

GDMT optimization
including CRT, if indicated

Persistence of symptoms and SMR  o—
7
T
Clinical and echocardiographic
criteria fulfilled2according

Medical therapy

~
comitant CAD

Atrial SMR

Optimization of medical treatment
including rate or rhythm control

I

N Persistence of symptoms and SMR

§
"

1

High surgical risk according

o the HestTeam and follow-up to the Heart Team
7 7 7 7
b ? U
Advanced HF N

¢
w
\I'- —— em—

LVAD TEER

or HTx _ (Classlib)

: : TEER MV
TEER in patients with MV surgery TEER surgery
(Class ) contraindication(s) in patients not — (Class Ila)

or waiting for suitable for TEERP
LVAD or HTx (Class llb)
{ (Class Ib) ] ¥ J |

@esc @EACTs



Recommendations VSMR
Management

Without CAD
Recommendations Class Level
TEER is recommended to reduce HF hospitalizations and improve quality of life in haemodynamically
stable, symptomatic patients with impaired LVEF (<50%) and persistent severe ventricular SMR, despite
optimized GDMT and CRT (if indicated), fulfilling specific clinical and echocardiographic criteria.
Recommendations Class Level

TEER may be considered for symptom improvement in selected symptomatic patients with
severe ventricular SMR not fulfilling the specific clinical and echocardiographic criteria, after

careful evaluation of LVAD or HTx.

MV surgery may be considered in symptomatic patients with severe ventricular SMR

C
without advanced HF who are not suitable for TEER.
With CAD
Recommendations Class Level

MV surgery is recommended in patients with severe ventricular SMR undergoing CABG. -
MV surgery may be considered in patients with moderate SMR undergoing CABG. -

PCI followed by TEER after re-evaluation of MR may be considered in symptomatic patients with chronic

(o]

severe ventricular SMR and non-complex CAD.

Hospitalization for Heart Failure 24 Months
Log [HR] HR (95% CI) Weight (%)

COAPT 2018 -0.616  0.53(0.40-0.70) 34.07 _
Mitra-FR 2019 -0.030 0.97(0.72-130) 32.95
Reshape-HF2 2024 -0.478 0.62(0.46-0.83) 32.97 ———

Overall 0.69 (0.49-0.97) —
Heterogeneity: T2 = 0.07, 12 = 76.84%, H2 = 4.32

Test for overall treatment effect: Z = -2.14, P = 0.0324
applying a random-effect model [DerSimonian—Laird]

Sensitivity analysis (HR): 0.69 (0.31-1.49) OI 5 0 '75 1 1 '25
applying a random-effect model [Hartung & Knapp method] : ) )

B Composite of Death and All Heart Failure Hospitalizations Through 24 Months
Study Year Log [HR]1 HR (95% ClI) Weight (%)

COAPT 2018 -0.562 0.57(0.45-0.72) 34.72
Mitra-FR 2019 0.010 1.01(0.77-1.33)  32.67
Reshape-HF2 2024 -0.478 0.62(0.47-0.82) 3261
Overall 0.71(0.50-0.995)

Heterogeneity: T2 = 0.08, 12 = 80.72%, H2 = 5.19

Test for overall treatment effect: Z = -1.97, P = 0.0486
applying a random-effect model [DerSimonian—Laird]

Sensitivity analysis (HR): 0.71(0.33-1.52) 05 075 1 125

applying a random-effect model [Hartung & Knapp method]

Death From any Cause From Baseline to 24 Months
Log [HR] HR (95% CI) Weight (%)

COAPT 2018 -0.478 0.62(0.46-0.83) 38.59 _
Mitra-FR 2019 0.020 1.02(0.70-1.49) 29.84

Reshape-HF2 2024 -0315  0.73(0.51-1.05) 3156 e e
Overall 0.76 (0.57-1.01) — |

Heterogeneity: T2 = 0.03, I2 = 52.03%, H? = 2.08

Test for overall treatment effect: Z = -1.91, P = 0.056
applying a random-effect model [DerSimonian—Laird]

Sensitivity analysis (HR): 0.76 (0.40-1.42 u u u
J ol ! L 0.5 0.75 1 1.25

applying a random-effect model [Hartung & Knapp method]

Anker MS, et al. ] Am Coll Cardiol. 2024 Dec 10;84(24):2364-2368.




Recommendations ASMR
Management

Recommendations Class Level
MV surgery, surgical AF ablation, if indicated, and LAAO should be considered in

symptomatic patients with severe atrial SMR under optimal medical therapy. 2 s
TEER may be considered in symptomatic patients with severe atrial SMR not eligible for 8

surgery after optimization of medical therapy including rhythm control, when appropriate.

REVEAL-AFMR registry

Figure 3. Kaplan-Meier Curve Analyses for Heart Failure Hospitalization and All-Cause Mortality

Eventrate Matched cohort event rate
1.0 10
MV surgery MV surgery
—= 08 —= 08
s £
2 Medically treated 2
3 06 2 06
5 5
2 2 Medically treated
Z 04 3 04
5 3
° °
=02 =02
HR, 0.62 (95%Cl, 0.42-0.91); log-rank, P=.03 HR, 0.39 (95% CI, 0.20-0.78); log-rank, P=.004
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Time, d Time, d
No. at risk No. at risk
Medically treated 893 762 698 643 571 446 Medically treated 70 62 51 39 26 18
MV surgery 113 106 101 97 89 66 MV surgery 70 58 54 48 33 19

A, Patients who underwent mitral valve (MV) surgery had a significantly lower event rate compared with those treated medically. B, Propensity score time O matching to minimi:

immortal time bias showed similar results. HR indicates hazard ratio.

Kagiyama et al. JAMA Netw Open. 2024;7(8):e2428032.

Subgroup

Age

Age <72

Age >=T72

Sex

Female

Male

CAD

CAD No

CAD Yes

Atrial fibrillation
Atrial fibrillation No
Atrial fibrillation Yes
Creatinine clearance
GFR <60

GFR >= 60
STS-score
STS<2
STS>=2
Euroscore Il
Euroscore < 3
Euroscore >= 3
LVEF

LVEF <42
LVEF >= 42
LVEDV

LVEDV < 146
LVEDV >= 146
sys. RVP

sys. RVP <38
sys. RVP >= 38
MLHFQ
MLHFQ < 38
MLHFQ >= 38

Total

MATTERHORN

No. of events/ total no. (%)
TEER

Surgery RR (95% Cl)
7/45 (15.56) 8/43 (18.6) m ) 0.836 (0.332 10 2.107)
9/51 (17.65) 12/46 (26.09) —a—— 0.676 (0.314 to 1.456)
4/33 (12.12) 8/39 (20.51) ——r— 0.591 (0.195t0 1.788)
12/63 (19.05) 12/50 (24) —— 0.794 (0.391 10 1.612)
10/52 (19.23) 12/53 (22.64) —— 0.849 (0.402 to 1.793)
6/44 (13.64) 8/36 (22.22) ——t— 0.614 (0.234 to 1.607)
2/42 (4.76) 7/46 (1522) ——————@——— 0.313 (0.069 to 1.423)
14/54 (25.93) 13/43 (30.23) e 0.858 (0.452 to 1.626)
12/54 (22.22) 8/45 (17.78) - 1.25 (0.56 to 2.789)
4/39 (10.26) 11/42 (26.19) — 0.392 (0.136 to 1.128)
5/44 (11.36) 7/36 (19.44) i R 0.584 (0.203 to 1.686)
9/41 (21.95) 10/43 (23.26) —— 0.944 (0.427 to 2.085)
4/42 (9.52) 10/43 (23.26) D o 0.41(0.139 to 1.204)
10/47 (21.28) 7/37 (18.92) —_—lba 1.125(0.474 10 2.67)
8/46 (17.39) 6/41 (14.63) —_—a— 1.188 (0.45 0 3.139)
8/48 (16.67) 13/45 (28.89) - 0.577 (0.264 to 1.26)
4/31 (12.9) 8/41 (19.51) e 0.661 (0.219 to 1.998)
12/63 (19.05) 11/45 (24 .44) —a— 0.779 (0.378 to 1.606)
2/28 (7.14) 7/32 (21.88) —_—a 0.327 (0.074 to 1.445)
12/39 (30.77) 8/31 (25.81) e 1.192 (0.557 to 2.55)
6/52 (11.54) 7/40 (17.5) —— 0.659 (0.24 to 1.809)
10/43 (23.26) 12/46 (26.09) " 0.891 (0.43 to 1.848)
16/96 (16.67) 20/89 (22.47) . 0.742 (0.411 to 1.339)
01 1.0 100
Favours TEER Favours Surgery



Recommendations ASMR

TEER

CENTRAL ILLUSTRATION Mitral Valve Transcatheter Edge-to-Edge Repair in Atrial Functional
Mitral Regurgitation Subtypes

AFMR Subtypes Technical Success

Carpentier type | Carpentier type lllb

U

100

98.7
86.8
80 4
60
40 A
20
04
IAD AH

Kaplan-Meier All-Cause Mortality

Technical Success (%)

P=0.006 P=0.009 P=0.038 _
1004 932 95.6 93.0 £ 100 1 S
. 80+ 76.0 786 78.6 § 20 _‘L_\‘:\_u:2
g 5
< a AH
T 601 5 60 -
[ >
= 40 £ 40
5
] 3 204 p=
20 ° 204 P=0.017
a HR: 3.43 (95% Cl: 1.49-7.89)
0- 0 T T T T T T
Discharge 30 Days 1Year V] 2 4 6 8 10 12
Months From Procedure
von Stein P, et al. JACC Cardiovasc Imaging. 2025;18(1):16-29.
Overview of the atrial i mitral regurgitation (AFMR) ypes, technical success, mitral regurgitation (MR) grade reduction to =lI,

and Kaplan-Meier estimated survival up to 1 year for AFMR subtypes undergoing mitral valve transcatheter edge-to-edge repair.
AH = atriogenic hamstringing; IAD = isolated annulus dilation.

Atrial MR

A
e Lo
2 — Residual MR <1+ / MPG <5 mmHg
a Residual MR <1+ / MPG 25 mmHg
2 0 — Residual MR >1+
Iy
g8 Log-rank p<0.001
BE 06
2'0
v 5
=2 i
5% 04
3
e g 0
3
<
© 00— T T T 1
0 100 200 300 365
Days since procedure
Number at risk
75 64 59 56 56
29 18 1 15 15
B Ventricular MR
c L0+
2 — Residual MR <1+/ MPG <5 mmHg
§ Residual MR <1+/ MPG =5 mmHg
w2 084 — Residual MR >1+
&
88 Log-rank p=0.040
BE 06
23
o5
FEETE
ERS
£
Cg 02 ———
3 .
©
@
© 0.0 T T T 1
0 100 200 300 365
Days since procedure
Number at risk
197 141 129 120 114
88 61 50 Ll 39

Tanaka et al.

Eurointervention. 2024 Feb 19;20(4):e250-e260.
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Management of patients with tricuspid regurgitation (TR)

Recommendations

Class Level

Careful evaluation of TR aetiology, stage of the disease (i.e. degree of TR severity, RV and

LV dysfunction, and PH), patient operative risk, and likelihood of recovery by a
multidisciplinary Heart Team is recommended in patients with severe TR prior to

intervention.
Mechanisms l
Primary TR CIED-related TR
{

Secondary TR

Patient history
and symptoms

TRI-SCORE?

Comorbidities
Risk assessment

i

B —

Confirmation of Evaluation of disease s
disease severity aetiology/mechanism —'[ =/ f

"

Assessment of
RV function

\'ﬂv k\ < : P <

Anatomical Right heart
suitability catheterization

Heart Team treatment recommendation
(Class I)

@Eesc @eacts—



Recommendations on indications for intervention in tricuspid regurgitation

rhe NEW ENGLAND JOURNAL of MEDICINF \

Patient with tricuspid regurgitation
“ ORIGINAL ARTICLE ” l
Concomitant Tricuspid Repair in Patients )
. cuspic Rep o @®— [ Need forleft-sided valve surgery ~ —¥
with Degenerative Mitral Regurgitation
Table 2. Primary End Point.*
Composite End Pant MitnI-Va{I;e:szuD-Zg,ew Alone Mitra\-vd:;z»;ﬁry plus TA REEI;;i;: gli’sk o valee \ Severity/aetiology of TR ————— Severity/aetiology of TR J ’
Imputed calculation — %6 (35% CI) 10.2 (6.0-14.5) 3.9(1.1-6.7) 0.37 (0.16-0.86) 0.02 Severe primary Mild Moderate or severe
Observed caleulation — no.jtotal no. (%) 20/188 (10.6) 7/185 (3.8) 0.35 (0.15-0.81) - d TR 3 d TR
Reoperation for tricuspid regurgitation 0 0 _ - ofaecondary secondary TR Py orsecongary
Progression of tricuspid regurgitation 11/179 (6.1) 1/179 (0.6) 0.08 (0.01-0.69) - l l
Death 9/199 (4.5) 6/190 (3.2) 0.69 (0.25-1.88) - Severe RV/LV TA dilatation
. dysfunction or (240 mm or >21 mm/m2) Z
severe pre-capillary S
Gammie et al, NEJM 2022 pulmonary hypertension ﬁ'
g l Ailawadi et al, J Thorac Cardiovasc Surg 2022 J, ; \f
17 | Cardioth Sura 2019 3T Y No concomitant
% sl Pettinari et al, Eur J Cardiothorac Sur 1 > .
’ g Symptomatic o— ' N stwgesy
. T E] H H 5 f
s - ?
e it RV dilatation or Appropriate for surgery )
% s v
Recommendations Class Level dRe\:(::gfatlt‘i):n — tha(-flc-{oer::tn?etaom S
Patients with tricuspid regurgitation and left-sided valvular heart disease requiring surgery ; ;
Concomitant TV surgery is recommended in patients with severe primary or secondary TR. - B \f Y
v v v
Concomitant TV repair should be considered in patients with moderate primary or secondary TR, to Medical thera Transcatheter
avoid progression of TR and RV remodelling. 18 e Py therapy? TV surgeny®
Concomitant TV repair may be considered in selected patients with mild secondary TR and tricuspid
annulus dilatation (240 mm or >21 mm/m?), to avoid progression of TR and RV remodelling. B

- @Esc @EACTS



Recommendations on indications for intervention in tricuspid regurgitation

Cardiovascular changes

RV dilatation? RV dysfunction?
RV basal diameter index: RV dysfunction:
>24 mm/m? TAPSE <17 mm
RVTDIs' <10cm/s
RV mid-diameter index: RVFWS <23%
>21 mm/m? RVGLS <21%
3D RVEF <50%
Tricuspid annulus index: FAC <35%
>21 mm/m?
RV end-diastolic Severe RV dysfunction:
volume index: TAPSE <10 mm
>95 mL/m?2 RVTDIs' <6cm/s
RVFWS <11%
RV end-systolic RVGLS  <9%
volume index: 3DRVEF <35%
FAC <22%

>37 mL/m?

Pulmonary pressures

Pre-capillary PH:
mPAP  >20 mmHg
PAWP <15 mmHg
PVR >2WU

Post-capillary PH:
mPAP  >20 mmHg
PAWP  >15 mmHg

PVR <2WU
Severe PH:
PVR >5WU

mPAP  >35 mmHg

TVARC, Hahn et al, Eur Heart J 2023

Mukherjee et al, JASE 2025

7

Patient with tricuspid regurgitation

/

[

Severity/aetiology of TR

|

Severe primary
or secondary TR

!

Severe RV/LV
dysfunction or
severe pre-capillary
pulmonary hypertension

[
W

v

Symptomatic — ¥

7
W

T

RV dilatation or
RV function
deterioration
)

N

LT

Medical therapy

R—-

—@

\

Need

I

or left-sided valve surgery

Mild
secondary TR

!

TA dilatation
(=40 mm or >21 mm/m2)

1
s
No concomitant
TV surgery

Appropriate for surgery

J

according to
the Heart Team

7
¢
Transcatheter
therapy?

ﬁ Severity/aetiology of TR
i

Moderate or severe
primary or secondary TR

&

" v

TV surgery®
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Recommendations on indications for intervention in tricuspid regurgitation

JAMA | Original Investigation

Transcatheter Edge-to-Edge Repair for Severe Isolated
Tricuspid Regurgitation

The Tri.Fr Randomized Clinical Trial

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 MAY 18, 2023 VoL, 388 NO.20

Transcatheter Repair

M.D., Ra M

The NEW ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE ”

Transcatheter Valve Replacement in Severe
Tricuspid Regurgitation

R.T. Hahn, R. Makkar, V.H. Thourani, M. Makar, R.P. Sharma, C. Haeffele,
C.J. Davidson, A. Narang, B. O'Neill, ). Lee, P. Yadav, F. Zahr, S. Chadderden,
M. Eleid, S. Pislaru, R. Smith, M. Szer\lp. B. Whisenant, N.K. Sekaran, S. Garcia,
T. Stewart-Dehner, H. Thiele, R. Kipperman, K. Koulogiannis, D.S. Lim, D. Fowler,
S. Kapadia, S.C. Harb, P.A. Grayburn, A. Sannine, M.]. Mack, M.B. Leon, P. Lurz,
and S.K. Kodali, for the TRISCEND |l Trial Investigators*

Recommendations
Patients with severe tricuspid regurgitation without left-sided valvular heart disease requiring surgery

Transcatheter TV treatment should be considered to improve quality of life and RV remodelling in high-risk patients with
symptomatic severe TR despite optimal medical therapy in the absence of severe RV dysfunction or pre-capillary PH.

for Patients with Tricuspid Regurgitation

Class  Level

7

Patient with tricuspid regurgitation

/

7

@%

Severity/aetiology of TR

|

Severe primary
or secondary TR

!

Severe RV/LV
dysfunction or
severe pre-capillary
pulmonary hypertension

|

?

(29—

1
e
RV dilatation or

RV function
deterioration

7

W)
v \f

Medical therapy

Symptomatic — ¥

@

I

Need for left-sided valve surgery

Mild
secondary TR

!

TA dilatation
(=40 mm or >21 mm/m2)

7

i

No concomitant
TV surgery

Appropriate for surgery
according to
the Heart Team

)

"

Transcatheter
therapy?

>

J

i

—®

Severity/aetiology of TR

Moderate or severe
primary or secondary TR

&

o—

¥ —

v o

TV surgery®
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Indication for intervention in AR

Recommendations Class Level

AV surgery is recommended in
symptomatic patients with severe AR
regardless of LV function.

AV surgery is recommended in
asymptomatic patients with severe AR
and LVESD >50 mm or LVESDi >25
mm/m? [especially in patients with
small body size (BSA <1.68 m?)] or
resting LVEF <50%.

AV surgery may be considered in
asymptomatic patients with severe AR

and LVESDi >22 mm/m?Z, LVESVi >45
mL/m? [especially in patients with small
body size (BSA <1.68 m?)], or resting
LVEF <55%, if the surgical risk is low.

— Severe AR

60 4
50 +
40 -
30 -
20 -
10 A
0 -

52.0%

P < 0.001

0 1 2 3 4 5
Follow-Up Years

Malahfji M etal. ] Am CoIIC?mﬁol 2023;81:1885-98

LVEF <55% or
LVESDi >22 mm/m?

A VIECVR AR b fan)

Death hazard ratio
~

/

[A] LVESViby CMR
100

<45 mL/m?
80+

60+

245 mL/m?
40-

Freedom from composite
end point, %

20+
P<.001

0

0 1 2 3 4 5
Time, y
Hashimoto G et al. JAMA Cardiol 2022;7:924-933

LVESVi by 2-D echocardiography
100+

1 /

0.25

. - - - v v - -
20 30 40 50 60 70 80 90
LVESVi, mL/m?

[5
F 80
2 <45 mL/m2
I
5] < 604
E3 245 mL/m?
o a
Eg 404
ES
B
o 20+
= P=.05

0 :

0 1 2 3 4 5

Time, y

Follow-(g#9 et al. JAMA Cardiol 2021;6:189-98

Hashimoto G et al. JAMA Cardiol 2022;7:924-933



Mode of treatment

Symptoms o— _I/ j

Eligible for surgery®  o— @) —

Recommendations Class Level

AV repair should be considered in
selected patients with severe AR at
experienced centres, when durable
results are expected.

(New

TAVI may be considered for the
treatment of severe AR in symptomatic
patients ineligible for surgery according
to the Heart Team, if the anatomy is
suitable.

v

Good tissue quality
I S
Young patient

i {

? Y
T Il
AV repair TAVI
A8 (Class lla) (Class IIb)

Vahl et al. Lancet 2024,403: 1451-59
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Vmax =4 m/s and mean PG =240 mmHg )

Integrative imaging assessment of AS ( T

AVA <1cm? AVA <1cm? N
*f (AVAI <0.6 cm?/m? (AVAI 0.6 cm?/m?) =

Non-severe AS v

\T,
C Mean gradient & Vmax ) !

Exclude measurement errorsa

R |
ﬂ (—‘( SVls35an'm1) ( hzﬁﬁ;ﬁi )—@—

n
Aortic valve area )

Normal flow I
low-gradient AS Reassess under

(severe AS less likely)© normal flow

C Stroke volume ) (—ﬁ

| ] ?
AVCS DSE with flow reserved and AVA <1 cm?
>1200 AU (female) and/or —0—
( LVE F ) >2000 AU (male) AVCS >1200 AU (female) >2000 AU (male)
T
. " N
DObutamlne 1 DSE with flow reserved

and AVA >1 cm?

Stress Echo i “

Aortic Valve
Calcium Score

R N \s
' T !
Integrated

assessment!

Severe AS Pseudo-severe AS Severe AS



Management of symptomatic severe AS

Recommendations Class Level

Intervention is recommended in symptomatic patients with severe, high-gradient AS [mean gradient
>40 mmHg, V. 24.0 m/s, AVA <1.0 cm? (or <0.6 cm¥m? BSA)].

max —

B
Intervention is recommended in symptomatic patients with low-flow (SVi €35 mL/m?), low-gradient
(<40 mmHg) AS with reduced LVEF (<50%) after careful confirmation that AS is severe.

[ irrespective of evidence of flow (contractile) reserve]

Intervention should be considered in symptomatic patients with low-flow (SVi <35 mL/m?), low-gradient
(<40 mmHg) AS with normal LVEF (250%) after careful confirmation that AS is severe.

B



Management asymptomatic severe AS

Recommendations

Intervention is recommended in asymptomatic patients with severe AS and LVEF <50% without another
cause.

Intervention should be considered in asymptomatic patients (confirmed by a normal exercise test, if
feasible) with severe, high-gradient AS and LVEF >50% as an alternative to close active surveillance,
if the procedural risk is low.

Intervention should be considered in asymptomatic patients with severe AS and LVEF >50% if the
procedural risk is low and one of the following parameters is present:

* Very severe AS (mean gradient 260 mmHg or V, ., >5.0 m/s)
* Severe valve calcification (ideally assessed by CCT) and V,,, progression 20.3 m/s/year.

* Markedly elevated BNP/NT-proBNP levels (more than three times age- and sex-corrected normal range,
confirmed on repeated measurement without other explanation).

* LVEF <55% without another cause.

Intervention should be considered in asymptomatic patients with severe AS and a sustained fall in BP
(>20 mmHg) during exercise testing.

Class Level

(New)

lla
lla B
lla C



RCTs in patients with asymptomatic severe AS

EARLY TAVR EVOLVED
901 patients, mean age 75.8 years 224 patients, mean age 73 years
c
Rel
e 100~ : o
N Hazard ratio, 0.50 (95% Cl, 0.40-0.63) S ’\?
= — go4 P<0.001 S L
2 X S < 40
% Tn' 80— PR | 8 .8 Hazard ratio, 0.79 (95% Cl, 0.44-1.43); P=.44
:cE> o 70, 26.3.2@ with va vz'e rep acgment & .g
> = within 6 month in surveillance group S5 301
v O 60— i o = Conservative management
g = C|"'1|I|ca| c o
© 3 50— survelllance - 2 _8 20
[oX Q ! o - 7
S © 40+ . < o
> = . .
L« O 30- 35,1 8 @© Early intervention
55 ;— 2% 1
1
g5 10 i i g O
% | | ? g O
< 0 T i T T i <=( 17 : ! ! ! !
45 0 1 2 3 4 5 0 1 2 3 4 5
o Years since Randomization Time since randomization, y

Généreux et al. N Engl J Med 2025,392:217-27 Loganathan et al. JAMA 2025;333(3):213-221



RCTs in asymptomatic severe AS

All-cause death (%)

AVATAR long-term follow-up
157 patients, mean age 67 years

60% —
° - Early surgery

- Conservative treatment

50% — p=0.0
40% —
30%
20%
10%

0% —

HR = 0.44 (95% CI 0.23 to 0.85)
1

| !
0 20 40 60

Time (Months)

N

Banovic et al. Circulation. 2022;145:648—658.

80

Operative mortality or death from

cardiovascular causes (%)

RECOVERY

145 patients, mean age 64 years

A0 =
P=0.003 by log-rank test
P=0.003 by Gray's test
10 by Gray
26
Conservative
20 care
104
Early surgery 1
u 1 1 1 1
0 2 4 fi B

2 4 6

Years since Randomization

Kang et al. N Engl J Med 2020,382:111-9.



Mode of intervention in severe AS

Age (years)

Ross
procedure

Limitations Technical complexity OAC (embolic/haemorrhagic risk) Limited durability

Recommendations Class Level

It is recommended that AV interventions are performed in Heart Valve Centres that report their local

expertise and outcome data, have on-site interventional cardiology and cardiac surgical programmes, C
and a structured collaborative Heart Team.

It is recommended that the mode of intervention is based on Heart Team assessment of individual

clinical, anatomical, and procedural characteristics, incorporating lifetime management C

considerations and estimated life expectancy.




Mode of intervention in severe AS

Recommendations [ irrespective of surgical risk score | Class Leve
TAVI is recommended in patients 270 years of age with tricuspid AV stenosis, if the anatomy is suitable. |
SAVR is recommended in patients <70 years of age, if the surgical risk is low. I B
SAVR or TAVI are recommended for all remaining candidates for an aortic BHV according to Heart Team |
assessment.
Heart Team evaluation (Class |)
£ /‘L e
Patient < 70 years if All remaining candidates Patient 70 years with a tricuspid
surgical risk is low for a bioprosthesis aortic valve if anatomy is suitable

l l l

SAVR (Class 1) SAVR or TAVI (Class 1) TAVI (Class I)



RCTs comparing TAVI to SAVR in low risk patients

All-cause death or stroke (%)

DEDICATE

1414 patients, mean age 74 years (50% < 75 yrs)

100+ 12+
90- Hazard ratio, 0.53 (9?% Cl, 0.35-0.79) SAVR
104 P<0.001 for noninferiority
80 10%
8-
70 "
- 0,
- Ti.\flﬁ
50- 1
40 24
304 O—F——T——T——7—T—T T 7T T T
0 1 2 3 4 5 6 7 8 9 10 11 12
20+
10
e
0 I I I I I I I I I I
0 1 2 3 4 5 6 7 8 9 10 11

Months

Blankenberg et al. N Engl J Med 2024;390:1572-83

All-cause death, stroke or

rehospitalizazion (%)

370 patients, mean age 71.1 years (all < 75)

100 -
90 -
80 -
70 4
60 -
50 -
40 4
30
20 ~
10 ~

NOTION 2

259 Hazard ratio, 1.4 (95% Cl, 0.7-2.9)
20 N P = 03
15 4
m R LTp——
5443 Surgery 4l
38
0 . L] 1 1 1 1
0 3 6 9 12
smEmt———————
T L] T T I T L) I L) L) I
3 6 9 12

Months since procedure

[ 100 patients with BAV: 14.3% vs. 3.9% HR 3.8; 95% CI, 0.8 - 18.5 ]

Jargensen TH et al. Eur Heart J. 2024 Oct 5,45(37):3804-3814



RCTs comparing TAVI to SAVR in low risk patients

PARTNER IlI (5 years)

1000 patients, mean age 73 years (56% < 75 yrs)

1007309 Hazard ratio, 0.79 (95% C1,0.61-1.02) 5,
_ 904 254 P=0.07 50
° 804 20- -
9
S € 704 15
— -_
B B 604 104
= 504 54
© 2
% % 40" 0 T I I ! !
S 2 an 0 12 24 36 48 60
wn <
2 ¢ 20 il
3 e
= 101 ——
<
0 T T T ! ;
0 12 24 36 48 6

Months since Procedure

Mack M et al. N Engl J Med 2023,;389:1949-1960

All-cause death or

100

o
Q@

N
Q@

disabling stroke
o
o

N
°o

Evolut Low Risk (5 years)

1414 patients, mean age 74 (50% < 75)

20,
15 Log-rank Pvalue at5y = 0.47 16:4%
K 15.5%
5_
0 : , ' | ,

0 12 24 36 48 60

12 24 36 48 60
Months after procedure

Forrest JK et al. JACC 2025; 85:1523-1532.



Mode of intervention in severe AS

\‘ A~ "‘t , Recommendations Class Le
( TAVI may be considered for the treatment of severe BAV stenosis in patients at

. . . . lib B
increased surgical risk, if the anatomy is suitable.

~® Recommendations Class Leve

Non-transfemoral TAVI should be considered in patients who are unsuitable for lla B
surgery and transfemoral access.
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Multivalvular disease

Surgery of concomitant mitral regurgitation—Section 13.3

MV surgery is recommended in patients with severe MR undergoing surgery for another valve. - C

Indications for intervention in patients with mixed moderate aortic stenosis and moderate aortic regurgitation—Section 13.3

Intervention is recommended in symptomatic patients with mixed moderate AV stenosis and moderate regurgitation, and a mean

gradient >40 mmHg or V. >4.0 m/s.
Intervention is recommended in asymptomatic patients with mixed moderate AV stenosis and moderate regurgitation, with V., >4.0 m/s

(o

and LVEF <50% not attributable to other cardiac disease.

Valve lesion to be assessed

AS AR MS MR
AVA (continuity equation), DVI G L
Robust echo Reflection of combined burden in el el
. EROA (PISA), vena contracta Reflection of combined burden in EROA (PISA), vena contracta
measurements mixed AR and AS: V., and mean . X .
radient reflect combined burden Ll L Ul s
g reflect combined burden
..Alterpatwe . . CMR: regurgitant volume and CMR: regurgitant volume and
imaging CT: AV calcium scoring . = .
fraction fraction

modalities
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New recommendations
Antithrombotic treatment

Management of antithrombotic therapy in patients with a mechanical heart valve—Section 14.3

It is recommended that INR targets are based on the type and position of MHYV, patient’s risk factors, and comorbidities.

Patient education is recommended to improve the quality of OAC.

Management of antithrombotic therapy in patients with mechanical heart valves undergoing elective non-cardiac surgery or invasive

procedures—Section 14.3

Continuing VKA treatment is recommended in patients with an MHV for minor or minimally invasive interventions associated with no or
minimal bleeding.

Interruption (3—4 days before surgery), and resumption of VKA without bridging, may be considered to reduce bleeding in patients with

new-generation aortic MHV and no other thromboembolic risk factors undergoing major non-cardiac surgery or invasive procedures.

Management of antithrombotic therapy in patients with a biological heart valve or valve repair—Section 14.3

Surgical biological heart valve without indication for oral anticoagulation

Lifelong low-dose ASA (75—100 mg/day) may be considered 3 months after surgical implantation of an aortic or mitral BHV in patients

without clear indication for OAC.

Transcatheter aortic valve implantation without indication for oral anticoagulation
DAPT is not recommended to prevent thrombosis after TAVI, unless there is a clear indication.
Surglcil repair WI!HOUE malcaﬁon 'Ol' ora| anﬂcoagulaflon

Low-dose ASA (75-100 mg/day) may be considered after surgical MV or TV repair in preference to OAC in patients without clear
indication for OAC and at high bleeding risk.

Surgical biological heart valve with indication for oral anticoagulation

OAC continuation is recommended in patients with a clear indication for OAC undergoing surgical BHV implantation.

DOAC continuation may be considered after surgical BHV implantation in patients with an indication for DOAC.



Antithrombotic treatment NC perioperative, invasive procedure, risk

Low Minimally invasive procedures Major NCS or invasive procedures
thrombo-embolic risk Pre-procedure Post-procedure Pre-procedure Post-procedure
Interrupt VKA at least
3—4 days prior to
OAC No interruption of VKA Continue VKA procedure with target Resurr_]e VKA_ as‘ soon as
feasible, within 24 h
INR <1.5 on the day of
New- surgery
generation No bridging may be
aortic MHV Bridgin No bridging may be considered, unless
and no eing considered unable to administer
additional OAC
risk factors Topical antifibrinolytic
ORI or haemostatic agents Mechanical and
PP 2 may be considered to pharmacological VTE
EECSLIeS improve local prophylaxis, if indicated
haemostasis
Moderate-to-high Minimally invasive procedures Major NCS or invasive procedures
thrombo-embolic risk Pre-procedure Post-procedure Pre-procedure Post-procedure
Interrupt VKA at least 5
days prior to procedure s
; OAC  No interruption of VKA Continue VKA with target INR <15 Hesume VK:‘ calzle 2
N!HV In the day of the
mitral or procedure
tricuspid Bridging with LMWH or . i
positionor . . UFH if CKD stage IV or Laujﬁ'"i::'toh Ur';':i‘:"l
other ridging V, starting at INR below wFi'thin 2p4eh el
thrombo- the therapeutic range
risk factors supporting Hic ag mechanical and
may be considered to X
measures pharmacological VTE

improve local

haemostasis prophylaxis
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Prosthetic valve dysfunction

Moderate Severe

Increase in mean transvalvular gradient Increase in mean transvalvular gradient
Aortic BHV 210 mmHg resulting in mean gradient 220 220 mmHg resulting in mean gradient 230
SVD or non- LIS Rhhg
structural . AND > . AND 2
valve Decrease in EOA 20.3 cm? or 225%, and/or Decrease in EOA 20.6 cm? or 250%, and/or
dvsfunction decrease in DVI 20.1 or 220%, compared  decrease in DVI 20.2 or 240%, compared
(t:xce t PVL or with echocardiographic assessment with echocardiographic assessment
PPM)p performed 1-3 months post-procedure performed 1-3 months post-procedure

OR OR
New occurrence or increase of 21 grade of New occurrence or increase of 22 grades
intraprosthetic AR resulting in 2 moderate of intraprosthetic AR resulting in 2
AR moderate-to-severe AR

thrombosis, or
endocarditis

Moderate Severe
Mitral BHV Increase in DVI 20.4 or 220%, resulting in  Increase in DVI 20.8 or 240%, resulting in
SVD or non- DVI 22.2, or decrease in EOA 20.5 cm?or  DVI 22.7, or decrease in EOA 21.0 cm?2 or

structural >25%, resulting in EOA <1.5 cm?, usually >50%, resulting in EOA <1 cm?, usually
valve associated with increase of transmitral associated with increase of transmitral
dysfunction gradient 25 mmHg gradient 210 mmHg
(except PVL or OR OR
PPM), New occurrence or increase of 21 grade of New occurrence or increase of 22 grades
[thrombosis, or intraprosthetic MR resulting in 2moderate of intraprosthetic MR resulting in

. endocarditis MR >moderate-to-severe MR

L EACVI
\e European Association of

Cardiovascular Imaging

Signs and symptoms of MHV thrombosis
TOE and/or CCT or fluoroscopy (Class )

l

Large thrombus (=10 mm) — Surgery
complicated by embolism (Class l1a)
{
”
Acute heartfailure with NYHAClasslllor V.-~ ¢ Heart Team evaluation
due to obstructive thrombosis (Class )
I
\?
Evidence for inadequate OAC
i i Surgery
Y ‘N‘ Favoured if:
1 \f «Recurrentevent
«Possible pannus
Bridge until targetINR, Increasa VKA intensity or +Cardiogenic shock
identify and correct causes add low-dose ASA +Large thrombus
of inadequate OAC (Class lla) «Thromboembolic event
! - « Contraindication to fibrinolysis
L J
¥ o
Continue VKA + ASA with more intense monitoring Flbrinolysis
(low-dose slow infusion)
[ Favoured if:
5 4 . + High surgical risk
Repeat imaging for monitoring of thrombus resolution + Right-sided valve prosthesis
or persistence
® l I
Persistent thrombus with
~—— dlinically relevant obstructionor «——— ¥ ———  Heart Team evaluation
thromboembolic event

@cksc .EACTSJ



Summary:




