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Transcatheter Treatment for Tricuspid Valve Disease

Fabien Praz, MD; Denisa Muraru, MD; Felix Kreidel, MD; Philipp Lurz, MD; Rebecca T. Hahn,
MD; Victoria Delgado, MD; Michele Senni, MD; Ralph Stephan von Bardeleben, MD; Georg
Nickenig, MD; Jorg Hausleiter, MD; Antonio Mangieri, MD; Jose L. Zamorano, MD; Bernard D.
Prendergast, MD; Francesco Maisano, MD

Eurolntervention 2021;17:791-808
DOI: 10.4244/E1J-D-21-00695

ABSTRACT

Approximately 4% of subjects aged 75 years or more have clinically relevant tricuspid regurgitation
(TR). Primary TR results from anatomical abnormality of the tricuspid valve apparatus and is
observed in only 8-10% of the patients with tricuspid valve disease. Secondary TR is more common
and arises as a result of annular dilation caused by right ventricular enlargement and dysfunction
as a consequence of pulmonary hypertension, often caused by left-sided heart disease or atrial
fibrillation. Irrespective of its aetiology, TR leads to volume overload and increased wall stress,
both of which negatively contribute to detrimental remodelling and worsening TR. This vicious
circle translates into impaired survival and increased heart failure symptoms in patients with and
without reduced left ventricular ejection fraction. Interventions to correct TR are underutilised in
daily clinical practice owing to increased surgical risk and late patient presentation. The recently
introduced transcatheter tricuspid valve interventions aim to address this unmet need. Dedicated
expertise and an interdisciplinary Heart Team evaluation are essential to integrate these new
techniques successfully and select patients. The present article proposes a standardised approach
to evaluate patients with TR who may be candidates for transcatheter interventions. In addition,
a state-of-the-art review of the available transcatheter therapies, the main criteria for patient and
device selection, and information concerning the remaining uncertainties are provided.
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CEHB I RAMEMREENS#)oA) Typel : 3 ¥EE - B) Typell : 2 ¥R E -
O-E)IL & 4 FmkE- H)IVA S FRE - L0 SEDEHELR - A
Anterior Leaflet; AV: Aortic Valve; P: Posterior Leaflet; S: Septal Leaflet. Adapted
from Hahn et al’, with Permission.
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Table 1. Proposed new integrated classification of TR.

Leaflet ; | : -
trichus Pathophysiology : Aetiology ‘ Imaging
Secondary (functional)
A. Atrial Normal | RA enlargement and Carpentier |: Marked TV annular dilation is the dominant

dysfunction leading to Afrial fibrillation/flutter’® | mechanism

significant isolated annular Agelo?

dﬁatiun- RV often normal* ngart failure with TV leaflet tethering is absent or minimal (except

. preserved ejection for late stages with secondary RV dysfunction)
fraction!es-to¢ TV leaflet mobility is typically normal (Carpentier
type I)

RA is significantly dilated

RV volume is typically normal (except in late

stages)
B. Ventricular | Normal | RV enlargement and/or Carpentier I11B: Marked TV leaflet tethering is the dominant
dysfunction leading to Left-sided ventricular or mechanism
significant leaflet tetherin valve disease!? — - .
ar?d annular dilation E Pulmonary hypertension'® TV leaflet mobility is typically restricted in systole
RV cardiomyopathy (Carpentier type 111B)
RV infarction TV annulus, RV and RA are dilated and/or
dysfunctional
CIED-related Normal/ | Leaflet impingement Pacemaker TV leaflet structural abnormalities may be present
abnormal | Leaflet/chordal entanglement/ | Implantable cardiac TV leafl i ; C q
chordal rupture defibrillator (ICD) leaflet mobility is variable (all Carpentier
Leaflet adherence Cardiac resynchronisation | YPeS)
Leaflet laceration/perforation the’?W]E‘EﬁP TV annulus, RV and RA are typically dilated
Leaflet avulsion (following devices (except for acute TR)
lead extraction)
Primary (organic) | Abnormal | Lack of leaflet coaptation due | Carpentier I: TV leaflet structural abnormalities characteristic of
to intrinsic changes leading Congenital each primary aetiology are the dominant
to restricted or excessive Endocarditis mechanisms
leaflet mobilit leaflet
peea”:ra;?;nl LA Carpentier 11: TV leaflet mobility is variable (all Carpentier
Myxomatous disease types)
Tr ti
Pr:;tn;?oll;y TV annulus, RV and RA are typically dilated

(except in acute TR)
Carpentier I11A:
Carcinoid'®
Rheumatic
Radiotherapy
Tumours

*RV basal diameter may appear abnormal due to the conical RV shape. CIED: cardiac implantable electronic device; CRT: cardiac resynchronisation
therapy; ICD: implantable cardiac defibrillator; RA: right atrium; RV: right ventricle; TR: tricuspid regurgitation; TV: tricuspid valve
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o F]PL s BEARC e d TR jet ¥ M ¥ Jide K PR d RLE eh e TR > & F 2R 4 en Jet
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bl 2 G EF TV A4~ (TTVD) R ¥ 23] 5 & £ 454 L EROA 0.40 cm” e i3
Fpt BITIE T T MW A gE > FE 4 G ff (Massive)” o “5 it (Torrential)” TR (ii::_éi?”ﬁ ?g‘
%4 h ) 23 (Supplementary Table 1) & * <P+ & (CMR) =& %71 4P » TR
FirE 2 45ml FHIEA F 2 50% Rk F G FERR KOS T o
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Supplementary Table 1. Proposed expansion of the “severe” grade of TR.

Varable Mild Moderate Severe Massive Torrential
VC (biplane) <3 mm 3-6.9 mm 7-13 mm 14-20 mm =21 mm
EROA (PISA) <20 mm?>  20-39 mm*  40-59 mm?  60-79 mm? >80 mm?
3D VCA or quantitative EROA* 75-94 95-114 mm? =115 mm?

* 3D VCA and quantitative Doppler EROA cut-offs may be larger than PISA EROA.

EROA: effective regurgitant onifice area; PISA: proximal isovelocity surface area; VC: vena contracta;
3D VCA, three-dimensional vena contracta area
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Evoque

Valve replacement

Tricento

Leaflet approximation

/

PASCAL/
PASCAL Ace*

Valve-in-valve

Figure 5. % ¥ % = R # % % (Transcatheter Tricuspid Systems) Bl 77 & #% 5% & &% 38 /£ BE R 3P
& % 04 3E4F o * With CE Approval.

Table 3. Anatomical criteria for device selection.

Strategy

Leaflet
approximation

‘ Favourable anatomy
Small septolateral gap <7 mm!©
Anteroseptal jet location
Confined prolapse or flail
Trileaflet morphology

Feasible anatomy

Septolateral coaptation gap >7 but

<8.5 mm®*
Posteroseptal jet location
Non-trileaflet morphology

Incidental CIED RV lead (i.e., without
leaflet impingement)

Cardioband*

Millipede

MIA-T Cardiac implants LLC

fysejdojnuuy

Unfavourable anatomy

Large septolateral coaptation gap

>8.5 mm®®

Leaflet thickening/shortening
(rheumatic, carcineid)/perforation

Dense chordae with marked leaflet
tethering

Anteroposterior jet location

Poor echocardiographic leaflet
visualisation

CIED RV lead leaflet impingement

Unfavourable device angle of approach

Annuloplasty

Annular dilatation as primary
mechanism of TR

Mild tethering (tenting height
<0.76 cm, tenting area<1.63 cm?,
tenting volume [3D] <2.3 mL)*e4

Central jet location
Sufficient landing zone for anchoring

Moderate tethering (tethering height
>0.76 cm but <1.0 cm, tenting area
>1.63 but <2.5 cm?, tenting volume
[3D] 22.3 mL but 3.5 mL)!o11

Incidental CIED RV lead (i.e., without
leaflet impingement)

Excessive annular dilatation (exceeding
device size)

Severe tethering (tethering height
>1.0 cm, tenting volume >3.5 mL).
Poor echocardiographic annular
visualisation*!.11!

Annular proximity of RCA
CIED RV lead leaflet impingement

Orthotepic
valve
implantation

Previous surgical repair or bioprosthetic
valve replacement

Leaflet thickening/shortening
{rheumatic, carcinoid)

Incidental CIED RV lead (i.e., without
leaflet impingement)

Any leaflet morphology

Large coaptation gap
CIED RV lead leaflet impingement

Excessive annular dilatation (exceeding
device size)

Unfavourable device angle of approach
Severe right ventricular dysfunction

Heterotopic
valve
implantation

Appropriate caval diameters (and
intercaval distance)

No option for direct valve treatment

Proximity of the RA to the orifice of the
liver veins (<10-12 mm)

Severely increased pulmonary artery
and RA pressures due to the risk of
fracture of bicaval valved stents

regurgitation

3D: three-dimensional; CIED: cardiac implantable electronic device; RA: right atrium; RCA: right coronary artery; RV: right ventricular; TR: tricuspid
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’ Symptomatic severe tricuspid regurgitation ‘

; j ¢

———{ Secondary (functional) } CIED-related Primary (degenerative)

Consider repositioning/removal/
leadless device/coronary sinus lead in very
selected patients*
\/ Persistent TR |
Late presentation
Advanced disease ¥
[ I \/
Gap <8.5 mm Gap >8.5 mm Gap <8.5 mm Prolapse/Flail || Leaflet restriction/Perforation ‘
Central jet location Moderate/severe Commisural jet location S| (Hedinger theumatic, |
Mild tethering tethering Mild/moderate tethering
\ \ \ Y Y
Conservative treatment Annuloplasty TTVR -- -
Heterotopic TTVR T-TEER (Annuloplasty+T-TEER) ‘ TFIEER FIERR THiR

*cases without true impingement/leaflet attachment require a valve-directed therapy and most cases will not resolve by lead removal only
Figure 6. B #7#k 3238 M 5083 TTVI £ %695 42 B . CIED: Cardiac Implantable Electronic

Device; T-TEER: Tricuspid Transcatheter Edge-to-edge Repair; TTVR:
Transcatheter Tricuspid Valve Replacement.

KRR B An e B
%H TTVI & ailid SR i 208 Lonfpa § fr i B E & PATA A AR L A @I
B 0 FRUEARETHIERWFL kA

- BE G EF 5K > STR F i g o8 % £ o (TRILUMINATE ~ CLASP II TR v
TRISCEND II B 4#3#% ; TRI-FR ; TRICI-HF )

~ TR TRBCERAR SRV 5 fo 8RR 4 il f 68 g
~RFFFAERA/ S A AR - e AR TTVE A~ 3% chifp i
Do et E R R % e R R

Tk foc AL A iE o NEARY B S o

AfRPIE U] P A SR A o AU B S TR ﬁﬁﬁm<¢1£i
{ % %Jﬁm% Feo RO EARZR ML ~CCT fv CMR Bl ifriER E Y cniE B 7 it € 8- ‘Hj
AFRECTHF TR A 5fc RV # i mit c G F ERLGEY ;f»;n;_# N
TofEEH RE BLEE o
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Myocardial Infarction with Non-obstructive Coronary
Artery Disease (MINOCA)

Bertil Lindahl, MD, PhD; Tomasz Baron, MD, PhD; Mario Albertucci, MD; Francesco Prati, MD

Eurolntervention 2021;17:e875-e887

ABSTRACT

As a result of the increased use of coronary angiography in acute myocardial infarction in the last
two decades, myocardial infarction with non-obstructive coronary arteries (MINOCA) has received
growing attention in everyday clinical practice. At the same time, research interest in MINOCA
has increased significantly. MINOCA is a heterogeneous disease entity seen in 5-10% of all
patients with myocardial infarction, especially in women. Clinically, MINOCA may be difficult to
distinguish from other non-ischaemic conditions that can cause similar symptoms and myocardial
injury. There is still some confusion around the diagnosis, investigation and management of patients
with MINOCA. The present review summarises the current knowledge of MINOCA regarding
epidemiology, pathophysiology, investigation, and treatment, with a special focus on imaging
modalities. In addition, remaining important knowledge gaps are highlighted.
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Impact of Intravascular Ultrasound on Long-Term
Clinical Outcomes in Patients with Acute Myocardial
Infarction

Ik Jun Choi, Sungmin Lim, Eun Ho Choo, Byung-Hee Hwang, Chan Joon Kim, Mahn-Won Park,
Jong-Min Lee, Chul Soo Park, Hee Yeol Kim, Ki-Dong Yoo, Doo Soo Jeon, Ho Joong Youn,
Wook-Sung Chung, Min Chul Kim, Myung Ho Jeong, Youngkeun Ahn, MD, Kiyuk Chang

J Am Coll Cardiol Intv 2021;14:2431-2443

ABSTRACT

OBJECTIVES

The aim of this study was to examine the impact of intravascular ultrasound (IVUS)-guided
percutaneous coronary intervention (PCI) on long-term clinical outcomes in patients with acute
myocardial infarction (AMI).

BACKGROUND

IVUS-guided PCI has been associated with improved cardiovascular outcomes. However, the
beneficial effect of IVUS-guided PCI in patients with AMI in the drug-eluting stent era remains
unclear.

METHODS

Patients who underwent PCI with drug-eluting stents were selected from 10,719 patients enrolled in
a multicenter AMI registry. The included patients were classified into 2 groups according to the use
or nonuse of IVUS. The primary outcome was a composite of major adverse cardiovascular events
(MACE), including cardiovascular death, myocardial infarction, and target lesion revascularization,
during long-term follow-up.

RESULTS

A total of 9,846 patients were treated with IVUS-guided PCI (n = 2,032) or angiography-guided
PCI (n = 7,814). IVUS-guided PCI was associated with reduced MACE (HR: 0.779; 95% CI: 0.689-
0.880; P < 0.001). The results were consistent after multivariable regression and propensity score
matching. One-year landmark analysis showed a lower risk for MACE within 1 year (HR: 0.766;
95% CI: 0650-0.903; P = 0.002) and beyond 1 year (HR: 0.796; 95% CI: 0663-0.956; P = 0.014)
after index PCIL.
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CONCLUSIONS

The use of IVUS was associated with better long-term cardiovascular outcomes. The clinical benefit
of IVUS was maintained both within and beyond 1 year after index PCI. The use of IVUS in PCI
should be considered for patients with AMI.
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FIGURE 2 Kaplan-Meier Curves for the Endpoints
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(A) Major adverse cardiovascular event(s) (MACE). (B) Cardiovascular death. (C) Myocardial infarction (MI). (D) Target lesion revascularization (TLR).
VUS = intravascular ultrasound; PCI = percutaneous coronary intervention.
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CENTRAL ILLUSTRATION Continued

S ==

30% -
g
=
s 20% 1
g Log rank, Log rank,
P=0.010 P=0.014
-]
£
@ 10% 4
2
3
g
3
0% 4
0 365 730 1,095 1460
Days

Angiography 7,814 6,558 6063 5606 4455
VUS 2,032 1742 1619 1522 1326

M IVUS-Guided PCI W Angiography-Guided PCI

B Cardiovascular Death

30% -
8 _ 20% 1
8 Log rank, Log rank,
= P=0.001 P=0326
$&
10%
3 i /
0 365 730 1,095 1,460
Days

Angiography 7814 6,768 6383 5964 4,818
VUS 2,032 1793 1,698 1,609 1,407

M IVUS-Guided PCI 1 Angiography-Guided PCI
Choi, LJ. et al J Am Coll Cardiol Intv. 2021 14(22):2431-2443.

CENTRAL ILLUSTRATION Continued

S U

30% |
g
]
S 20%
g Log rank, Log rank,
§ P=0181 P=0.045
£ 1% ]
5
3
H
3
0% .’-ﬁ_ﬁ
0 365 730 1095 1460
Days

Angiography 7,814 6,663 6,235 5796 4646
IVUS 2032 1,770 1,662 1,569 1,369

M IVUS-Guided PCl W Angiography-Guided PCI

§ 30% |

|53

Se 20%

53 Log rank, Log rank,

g8 P=0263 P=0.036

55

£8 0y

E}

3

H

3 m,ﬂﬂg,ﬁ
0 365 730 1095 1460

Days
Angiography 7,814 6,624 6,161 5718 4,565
IVUS 2,022 1762 1,649 1554 1,355

M IVUS-Guided PCI [l Angiography-Guided PCI
Ghol, LJ. et al J Am Coll Cardiol Intv. 2021 14(22):2431-2443.

B = VUS £3]| PCl 4 ¥ &% %3] PCLEKRZ —FHERIH -




s B X (1)

CENTRAL ILLUSTRATION Intravascular Ultrasound or Angiography-Guided Percutaneous
Coronary Intervention After Acute Myocardial Infarction (N = 9,846)

Clinical Outcomes

P <0.001 P=0.002 P=0.019 P=0.022

20- 19.0%

Frequency (%)

MACE Cardiovascular MI Target Lesion
Death Revascularization

M IVUS-Guided PCI m Angiography-Guided PCI
Choi, 1L etal J Am Coll Cardiol Intv. 2021;14(22):2431-2443.

Long-term effect of intravascular ultrasound (IVUS) guided percutaneous coronary intervention in patients with acute myocardial infarction.
Landmark analysis for long-term clinical outcomes at 1 year among all patients. Landmark analysis for (A) MACE, (B) cardiovascular death,
(C) M1, and (D) TLR at 1 year among all patients. MACE = major adverse cardiovascular event(s); Ml = myocardial infarction; PCl = percu-
taneous coronary intervention; TLR = target lesion revascularization.
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