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Structural Heart Disease

Interventional Treatment of Severe Tricuspid Regurgitation

Early Clinical Experience in a Multicenter, Observational,
First-in-Man Study

Alexander Lauten, MD; Hans R. Figulla, MD; Axel Unbehaun, MD; Neil Fam, MD;
Joachim Schofer, MD; Torsten Doenst, MD; Joerg Hausleiter, MD; Marcus Franz, MD;
Christian Jung, MD, PhD; Henryk Dreger, MD; David Leistner, MD; Brunilda Alushi, MD;
Anja Stundl, MD; Ulf Landmesser, MD; Volkmar Falk, MD; Karl Stangl, MD; Michael Laule, MD

Background—Transcatheter caval valve implantation is under evaluation as a treatment option for inoperable patients with
severe tricuspid regurgitation (TR). The procedure involves the catheter-based implantation of bioprosthetic valves in the
inferior vena cava and superior vena cava to treat symptoms associated with TR. This study is the first to evaluate the
feasibility, safety, and efficacy of this interventional concept.

Methods and Results—Twenty-five patients (mean age, 73.9+7.6 years; women, 52.0%) with severe symptomatic TR
despite optimal medical treatment deemed unsuitable for surgery were treated with caval valve implantation under a
compassionate clinical use program. Technical feasibility defined as procedural success, hemodynamic effect defined as
venous pressure reduction, and safety defined as periprocedural adverse events were evaluated, with clinical follow-up at
discharge and up to 12 months. The functional impact was evaluated by assessment of New York Heart Association class
at the time of hospital discharge. The total number of valves implanted in the caval position was 31. Patients were treated
with single (inferior vena cava-only; n=19; 76.0%) or bicaval valve implantation (inferior vena cava+superior vena cava;
n=6; 24.0%). Either balloon-expandable valves (Sapien XT/3: n=18; 72.0%) or self-expandable valves (TricValve: n=6;
24.0%; Directflow: n=1; 4.0%) were used. Procedural success was achieved in 96% (n=24). Early and late valve migration
requiring surgical intervention occurred in 1 patient each. Thirty-day and in-hospital mortality were 8% (2 of 25) and
16% (4 of 25). Causes of in-hospital mortality included respiratory (n=1) or multiple organ failure (n=3) and were not
linked to the procedure. Mean overall survival in the study cohort was 316+453 days (14-1540 days).

Conclusions—Caval valve implantation for the treatment of severe TR and advanced right ventricular failure is associated
with a high procedural success rate and seems safe and feasible in an excessive-risk cohort. The study demonstrates
hemodynamic efficacy with consistent elimination of TR-associated venous backflow and initial clinical improvement.
These results encourage further trials to determine which patients benefit most from this interventional approach. (Circ
Cardiovasc Interv. 2018;11:e006061. DOI: 10.1161/CIRCINTERVENTIONS.117.006061.)
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In patients with severe TR, medical therapy restricted
to diuretics and heart failure medication is frequently inef-
fective, and surgical repair is associated with a high risk

S evere tricuspid regurgitation (TR) is a complex condition
of the right ventricle (RV) and tricuspid valve apparatus
and is frequently associated with symptomatic heart failure

and a significant morbidity and mortality.'? In these patients,
left heart pathologies lead to chronic pressure overload of
the RV, eventually causing progressive RV dilatation and
functional TR.*-*

of morbidity and mortality.”'° Furthermore, neither one of
these treatment options has demonstrated beneficial long-
term effects. Therefore, multiple innovative interventional
treatment concepts to replace or repair tricuspid valve func-

tion are currently under investigation.''"'® However, up to
date, none of these approaches is established, and there is
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WHAT IS KNOWN

® Multiple concepts for transcatheter treatment of
severe tricuspid regurgitation are currently under
investigation.

® Despite the increasing application of these tech-
niques, there is a lack of data on feasibility, safety,
and efficacy of these treatment approaches.

WHAT THE STUDY ADDS

® Herein, we summarize the current experience with
caval valve implantation in 25 compassionate
patients undergoing inferior vena cava-only or bica-
val valve implantation using either balloon- or dedi-
cated self-expandable valves.

® As observed in this study, the caval valve implan-
tation technique is feasible and hemodynamically
effective and reproducibly results in the reduction of
caval backflow in selected patients.

® As observed in the present study, this hemodynamic
improvement may potentially translate into clinical
improvement.

still a lack of clinical data to support the efficacy of trans-
catheter TR treatment.

Transcatheter caval valve implantation (CAVI) has been sug-
gested as one of these interventional concepts.!*® In the path-
ological cascade of tricuspid valve disease, CAVI aims at the
resolution of caval backflow that occurs at a late stage of severe
TR. Multiple cardiovascular centers have, therefore, performed
CAVI as compassionate treatment only in highly symptomatic
patients with multiple advanced comorbidities.!>* Herein, we
report the procedural safety, efficacy, and clinical outcome of 25
patients treated with the CAVI approach for severe TR.

Methods
Study Design and Collection of Data

A total of 25 patients considered unsuitable for surgery on decision by
local heart teams were included in this study and treated under a com-
passionate clinical use program. Patients presenting with symptomatic
TR despite optimal medical treatment were considered for this approach
and recruited from 6 tertiary cardiovascular centers located in Germany
and Canada. Because of the limited availability of devices, the period
of treatment covered 6 years beginning March 2010 to February 2017.
Data were collected at each site using a standardized case report form
to record demographic and clinical characteristics and procedural and
follow-up data. Follow-up was obtained at the time of discharge and at
12 months based on either physician or patient interviews and medical
records. The investigators had full access to the data and control of the
data analysis. All patients provided informed consent, and treatment was
performed after institutional review board approval. The study was ap-
proved by the Ethics Committee of the Charité—Universitaetsmedizin
Berlin. The study materials cannot be made publically available to other
researchers because none of these dedicated interventional devices are
available for regular clinical use yet.

Patient Screening and Follow-Up
Before treatment, patients underwent screening for anatomic and
hemodynamic suitability. To evaluate hemodynamic suitability, right
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heart catheterization was performed to confirm severity of TR, as well
as caval backflow confirmed by the presence of a large ventricular
(v-) wave in the right atrium (RA), the superior vena cava (SVC), and
the inferior vena cava (IVC) location. Patients with a systolic pulmo-
nary artery pressure >60 mmHg or a massively depressed tricuspid
annular plane systolic extension (TAPSE <10 mm) function were
excluded. To evaluate anatomic suitability, a computed tomographic
angiogram was obtained to assess the anatomy and diameter of the
device landing zones in the IVC and SVC at the cavoatrial junction.

Anatomic screening and decision for single versus bicaval im-
plantation depended on the available devices. For implantation
of balloon-expandable valves (BEV), an IVC diameter at the
diaphragmatic intersection and an SVC diameter at the atrial in-
flow of <30 mm were considered suitable for valve implantation.
Furthermore, a tapered anatomy or severe venous elongation of the
SVC at the designated landing zone was considered as unsuitable.
Anatomic exclusion criteria for TricValve implantation included an
IVC diameter at the diaphragmatic intersection and an SVC diam-
eter at the SVC right pulmonary artery crossing of >35 mm.

Implantation Procedure and Devices

Procedural success was defined as successful valve delivery and
deployment at the designated landing zone. The procedures were
performed under general anesthesia with fluoroscopic and trans-
esophageal echo guidance. Unfractionated heparin was adminis-
tered to reach an activating clotting time >250 seconds throughout
the procedure. The hemodynamic impact was evaluated during the
procedure using invasive pressure tracings in the RA and IVC, as
well as cardiac output measurements. After the procedure, venous
closure was achieved by either the use of percutaneous closure de-
vices or a so-called Z-suture of the skin. Patients were monitored
in the intensive or intermediate care unit and discharged home
or to a rehabilitation program based on clinical requirements.
Anticoagulation was afforded using vitamin K antagonists (eg,
phenprocoumon) in all patients.

CAVI Using BEV

The Edwards Sapien BEV have been described previously in detail.
Because of the commercial availability of the Edwards Sapien XT
and Sapien 3 valves for treatment of aortic stenosis (29-mm Edwards
Sapien XT or Sapien 3; Edwards Lifesciences, Irvine, CA), there is a
growing experience in the off-label use of these devices for treating
severe TR. Although the use of BEV has been commonly limited to
the IVC, in selected cases, the long segment of the SVC facilitates
BEV implantation using the same implant technique if needed. The
anatomy of the cavoatrial junction of the IVC (particularly the large
diameter, the inflow of hepatic veins, and the compliance of the ve-
nous wall) precludes direct implantation of a BEV and requires the
preparation of a landing zone by implanting a self-expandable stent
to facilitate valve fixation.

The procedure is performed using fluoroscopy through the right
femoral vein. After placement of the 6F sheath, a stiff wire is placed
in the SVC and a 16F (for S3) or 20F (for ES XT) sheath advanced be-
low the diaphragm. A self-expandable stent tailored to IVC diameter
(eg, 30x80 mm) is implanted in the IVC at the level of the diaphragm
and protruding =5 mm into the RA. The 29-mm BEV mounted on the
delivery system is then deployed inside the stent with the lower part
just superior to the confluence of the first hepatic vein (Figure 1). For
a bicaval valve implantation (BiCAVI) procedure, a self-expanding
stent is deployed in the SVC above the RA inflow (to reduce the risk
of vessel wall damage and rupture) and the SVC prosthesis implanted
in the same manner.

CAVI Using Self-Expandable TricValve

The TricValve (P&F, Vienna, Austria) is designed as a set of 2 self-
expandable valves specifically for SVC and IVC implantation in the
low pressure circulation. The SVC valve is a belly-shaped tapered
device for anchoring in dilated, tapered SVC configuration. The IVC
valve is deployed at the level of the diaphragm and protruding into the
RA. Both devices are made of bovine pericardium, and the inner part
of the atrial stent portion is lined with a polytetrafluorethylene skirt.


http://circinterventions.ahajournals.org/

8T0Z ‘9T Areniged uo 1senb Aq /6.10°S feulno feye suo nUaALRIUINII//:dNY WO} papeo juMmoq

3 Lauten et al

Caval Valve Implantation for Treatment of Severe Tricuspid Regurgitation

Figure 1. Caval valve implantation using
balloon-expandable valves (BEV). A,
Edwards Sapien XT and Edwards Sapien
3 BEV have been used for CAVI. B and C,
BEV-in-superior vena cava (SVC) implan-
tation requires favorable anatomy. After
pre-stenting with a self-expandable stent,
a 29-mm BEV is deployed within in the
stented SVC segment without right atrium
(RA) protrusion. D, Right atrial angiogram
is performed with contrasting of the
inferior vena cava (IVC) demonstrating
severe tricuspid regurgitation. E and F,

A self-expandable stent is in the IVC-RA
junction with =2 cm RA protrusion. After
positioning of a Judkins Right catheter
marking hepatic vein inflow, the 29-mm
BEV is deployed within the stent at level
of the diaphragm.

For implantation, an Amplatz wire with a long soft J-tip is ad-
vanced through the right femoral vein and the RA into the right
internal jugular vein. Both devices are loaded into 27F catheters
for sheathless implantation. Before SVC valve implantation, a
catheter is placed distally in the right pulmonary artery as marker
of the IVC-right pulmonary artery crossing. The SVC valve is
then deployed with the landing zone of the enlarged midportion
of the stent above the right pulmonary artery. The IVC valve is
deployed with the upper, skirt-lined segment of the stent protrud-
ing into the RA, and the device fully anchored in the IVC. The
constrained segment of the stent should be aligned with the ca-
voatrial junction by careful pullback of the catheter to avoid oc-
clusion of hepatic vein inflow just below the diaphragm. With a
safety margin of 5 mm, care was taken to avoid a low or high valve
position causing either hepatic vein obstruction or paravalvular

regurgitation (Figure 2). All procedures were fluoroscopy and
transesophageal echocardiography guided (implantation proce-
dure and echo—Movie in the Data Supplement).

Statistics

Continuous data are presented as mean+SD, and categorical vari-
ables are depicted as percentages and numbers. Statistical testing
was performed with a paired ¢ test for continuous variables if distrib-
uted normally, otherwise exact testing was performed. The Wilcoxon
signed-rank test was used for categorical variables. A P<0.05 was
considered statistically significant. Kruskall-Wallis test or %> was
used for intergroup comparisons. All statistical analyses were per-
formed using the SPSS statistical package, version 23.0 (IBM Corp,
New York, NY).

Figure 2. Caval valve implantation (CAVI) using self-expandable valves (SEV; TricValve). A, The TricValve SEV, an investigational device
with 2 designated valves for superior vena cava (SVC) and inferior vena cava (IVC) position, has been used for CAVI. B and C, An angio-
gram of the right subclavian vein and SVC is obtained. A catheter marks the position of the right pulmonary artery. D and E, The device
is developed above the IVC-right pulmonary artery crossing with the distal end at the level of the inflow of the lift brachiocephalic vein. E
and F, The IVC valve is advanced into the right atrium (RA) in a 27F catheter and aligned with the distal valve segment =2 cm above the

diaphragm protruding into the RA.
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Results

Patients and Baseline Characteristics

Patients (n=25; women, 52%; age, 73.9+0.7.6 years; EuroS-
core II, 18.2+12.9; Society of Thoracic Surgeons (STS)
mortality score, 14.0£12.7) with massive TR and symp-
toms of right heart failure were considered for this novel
treatment approach under a compassionate clinical use pro-
gram. The majority of patients had a history of previous
cardiac surgery (n=19; 76%), including 6 patients (24%)
with 22 preceding open heart surgical procedures or aortic
replacement because of aortic dissection and 1 patient after
heart transplantation. Five (20%) patients had had previous
transcatheter valve procedures, including transcatheter aor-
tic valve implantation (n=1), transcatheter pulmonary valve
(n=2), or MitraClip procedure (n=2).

A significant proportion of patients experienced progres-
sive cancer (n=7; 28%). Thirty-six percent (n=9) had permanent
pacer leads positioned in the SVC across the tricuspid annulus.
The indication for CAVI was made on decision of local heart
teams in nonsurgical patients with persistent and debilitating
symptoms of heart failure despite optimal medical therapy.
Clinical exclusion criteria included a limited life expectancy
<3 month, severely depressed RV function (TAPSE <10 mm),
and a systolic pulmonary artery pressure >60 mmHg.

At baseline, 72% (n=18) and 28% (n=7) of patients were
in New York Heart Association (NYHA) class IV and III,
respectively. Plasma NT-proBNP (N-terminal pro-B-type
natriuretic peptide) levels were markedly elevated at 3016 pg/
mL (765-5588 pg/mL; Table 1).

Baseline echocardiography showed an impaired ejec-
tion fraction <50% in 40% (average ejection fraction,
51.0+15.0%), and an impaired RV function with TAPSE <16
mm was observed in 32% (n=10; average TAPSE, 13.0+1.83
mm). Functional TR was present in 96% (n=24) and structural
(rheumatic) TR in 4% (n=1) of patients, respectively. Systolic
pulmonary artery pressure was moderately increased at base-
line (41.0+13.9 mm Hg), and all patients with pulmonary arte-
rial hypertension were in group 2 according to the 2013 Nice
classification.**

Procedural Results

The total number of valves implanted within this study was
31. Patients were treated with single valve implantation
(IVC-only; n=19; 76.0%) or BiCAVI (IVC and SVC; n=6;
24.0%). In these patients, either balloon-expandable valves
(Sapien XT or Sapien 3: n=17; 78.3%) or self-expandable
valves (TricValve: n=7; 21.7%; Directflow: n=1; 4.0%)
were used for either single IVC or BiCAVI. One patient
was treated by IVC-only implantation of a direct flow medi-
cal valve prosthesis (Direct Flow Medical, Santa Rosa), a
nonmetallic device with an inflatable and deflatable sup-
port structure (Figure 3). Ninety-six percent of devices were
implanted through femoral venous access and 1 implantation
(Directflow) via right internal jugular access. When BEV
were used, different techniques of IVC landing zone prepa-
ration and downsizing were required, such as pre-stenting
with >1 self-expandable stents (n=16) or surgical banding
(n=2), depending on local heart team decision.

Caval Valve Implantation for Treatment of Severe Tricuspid Regurgitation

Table 1. Patient Demographics and Comorbidities

Patient Demographics Mean=SD and Range or n (%)
Age (mean=SD) 73.9+7.6
Female, n (%) 13 (52)
EuroScore Il 18.2+12.9; 5.1-54.2
STS Score (MVR)* 14.0£12.7;1.6-42.3
NYHA II 7(28)
NYHA IV 18 (72)
NT-proBNP 3028 (765-12538)
Left ventricular ejection fraction (EF, %) 51+15 (15-74)
Pathogenesis of TR

Functional 24 (96)

Structural (rheumatic) 1(4)
Diabetes mellitus, n (%) 11 (44.0)
Hypertension, n (%) 23(92.0)
Coronary artery disease, n (%) 12 (52.0)

Percutaneous coronary intervention 7 (28)

Previous myocardial infarction 8(32)
Previous cardiac surgery, n (%) 19 (76.0)
Permanent pacemaker or ICD, n (%) 9 (36.0)
Stroke or TIA, n (%) 2(8.0)
End-stage renal failure, dialysis, n (%) 11 (44.0)

Glomerular filtration rate, mL/min 35.3+17.9
COPD, n (%) 8(32.0)
Peripheral vascular disease, n (%) 4 (16.0)
Cancer, n (%) 7(28.0)
Requirement for oral anticoagulation 25 (100)

COPD indicates chronic obstructive pulmonary disease; ICD, implantable
cardioverter defibrillator; MVR, mitral valve replacement; NYHA, New York
Heart Association; NT-proBNP, N-terminal pro-B-type natriuretic peptide; STS,
Society of Thoracic Surgeons; TIA, transient ischemic attack; and TR, tricuspid
regurgitation.

*As the STS score is undefined for tricuspid procedures, values are calculated
for MVR.

Intraprocedural and In-Hospital Safety Data
Procedural success (defined as successful delivery of 1 or 2
valves in intended position) was achieved in 92% of cases.
There were no intraprocedural deaths. However, in one case,
conversion to open heart surgery was required after migration
of an SVC prosthesis within minutes after deployment. In
another case, an IVC prosthesis migrated from the stent into
the RA within the first 30 days. In both cases, the prosthetic
valves were surgically recovered from the RV. No other serous
events, including stroke, myocardial infarction, pericardial
effusion, or vascular complications, occurred (Table 2).

Peri- and Postprocedural Hemodynamics and
Echocardiography

In all patients, CAVIresulted in a complete reduction of reverse
caval flow. This was confirmed by a significant reduction of the
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Figure 3. Procedural characteristics. The
total number of valves implanted within
this study was 31. Patients were treated
with single valve implantation (n=19;
76.0%) or bicaval valve implantation
(n=6; 24.0%). Balloon-expandable valves
(Sapien XT or Sapien 3: n=17; 78.3%) or
self-expandable valves (TricValve: n=7;
21.7%; Directflow: n=1; 4.0%) were used
for either single inferior vena cava (IVC)
or bicaval valve implantation (BiCAVI).
One case was treated by IVC—only
implantation of a direct flow medical valve
prosthesis (Direct Flow Medical, Santa
Rosa). When self-expandable valves were
used, different techniques of IVC landing
zone preparation and downsizing were
required, such as pre-stenting with >1
self-expandable stents (n=16) or surgical
banding (n=2), depending on local heart
team decision.

TricValve

n=5

IVC v-wave and mean pressure from 31.4+6.4 and 21.7+4.3
mmHg to 21.1+4.5 mmHg (P<0.0001) and 17.6+3.3 mmHg
(P=0.01), respectively. In the RA, mean pressure decreased
from 21.2+6.0 to 17.6+3.3 mm Hg immediately after implan-
tation, whereas the v-wave acutely increased from 29.5+7.1
to 35.5+13.1 mmHg (P=0.07; Table 3). Cardiac index, deter-
mined either by oximetry or noninvasive echocardiographic
measurement, increased nonsignificantly from 2.5+0.7 to
2.8+0.9 L/min per m? (P=0.76).

At baseline, mean TAPSE was 16.5+4.1 and remained
unchanged after the procedure (16.5+4.9 mm; P=0.95). In
patients with depressed RV function (TAPSE <16 mm) at
baseline (n=10), TAPSE improved nonsignificantly from
13.0+1.83 to 13.7£2.95 (P=0.41). RV area and tricuspid
annulus remained unchanged (RA area: 64.9+54.4 versus
63.8+50.2 cm?* P=0.94; tricuspid valve annulus: 51.0+6.7
versus 50.4+7.8 mm; P=0.76). Intact valve function was
observed in all implanted devices during follow-up (Figure 4).

Postoperative Clinical Course and Clinical
Follow-Up

Thirty-day mortality was 12% (n=3; Table 2). These patients
died from progressive multiorgan failure and septic compli-
cations 6, 14, and 24 days after the intervention. In-hospital
mortality was 24% (n=6). Two patients developed pneumo-
nia and died from respiratory failure day 34 and day 41 after
implantation and 1 patient died from multiple organ failure 45
days after implantation.

Mean follow-up time after the procedure was 316+453
days (14-1540 days) after CAVL In all patients discharged
alive from hospital (n=19), transthoracic echocardiography
obtained during follow-up confirmed appropriate function of
all implanted devices. Longest follow-up of 51 month is avail-
able for a BICAVI patient with documented intact valve func-
tion. Before the procedure, 72% of patients were in NYHA
class IV. In patients discharged from hospital (n=19), symp-
toms improved in 84.2% (n=16) by =1 NYHA class. At the
time of discharge, 9 patients remained in NYHA class III
or IV (47.3%) and 52.7% improved to NYHA class I or II
(Figure 5).

Plasma NT-proBNP levels were markedly elevated at
baseline and increased nonsignificantly within 30 days after
the procedure (NT-proBNP: 3028 pg/mL [765-12538 pg/mL]
versus 10711 [6510-23054] /mL; P=0.015).

Table 2. Procedural, Safety, and In-Hospital Data

n (%)
No. of patients 25 (100)
No. of valves implanted 31(100)
IVC-only (devices) 19 (61.3)
ES XT or ES 3 16
TricValve 2
Directflow Medical 1
BiCAVI (devices) 12 (38.7)
ES XT 2
TricValve 10
Immediate procedural success 23/25 (92)
Device embolization 2/25 (8)
Conversion to surgery 1/25 (4)
Vascular complications 0(0)
Bleeding complications other than access site 3/25 (12)
New permanent pacemaker 0(0)
Stroke 0/25 (0)
New onset renal failure (requiring dialysis) 0/14 (0)
NYHA improvement 13/18 (72)
Mortality
30d 3/25 (12%)
In-hospital 6/25 (24%)
12 mo 14/22 (63%)*
Mean long-term follow-up, d 316+453; (6-1540)

BiCAVI indicates bicaval valve implantation; and IVC, inferior vena cava.
*Twelve-month follow-up complete for n=22 patients only. Three patients
were implanted <12 months.
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Table 3. Changes in Hemodynamic, Echocardiographic, and
Clinical Variables Between Baseline and Follow-Up

Baseline Post-CAVI PValue
Hemodynamics*
Right atrial pressure
Mean, mmHg 21.2+6.0 17.0+3.9 0.02
v-wave, mmHg 29.5+7.1 35.5+13.1 0.07

IVC pressure

Mean, mmHg 21.7x4.3 17.6+£3.3 0.01
v-wave, mmHg 31.4+6.4 21145 <0.0001
Mean PA pressure, 26.0+7.7 273+115 | 057
mmHg
Cardiac index, L/min 25+0.7 2.8+0.9 0.76
per m
Echocardiographic variablest
Right atrial area, cm? 64.9+54.4 39.5
(20.1-91.0) 43.0(28.0-93.5)| 0.6
TAPSE, mm 16.5+4.1 16.5+4.9 0.95
TAPSE <16 mm 13.0+1.83 137+295 | 0.41
(n=10)
Tricuspid annulus 51.0+6.7 50.4+7.8 0.76

Laboratory and clinical follow-upt

Creatininet 1.4+0.27 1.6+0.34 0.02
Body weight, kg 78.1+11.6 74.1£9.3 0.025
NYHA class (n=19) <0.0001

W 63.2 (12) 105 (2)

I 36.8(7) 36.8(7)

Il 0 42.2 (8)

| 0 10.5(2)

IVC indicates inferior vena cava; NYHA, New York Heart Association; PA,
pulmonary artery; and TAPSE, tricuspid annular plane systolic extension.

*Obtained during the implantation procedure.

TAt baseline and before discharge.

FValues presented for nondialysis patients only.

Discussion

Because medical therapy is often ineffective for long-term
treatment of symptoms associated with severe TR, interven-
tional treatment approaches are gaining increasing atten-
tion, and several catheter-based approaches and dedicated
devices are currently under investigation.'*'* These interven-
tional strategies are frequently adopted from the mitral space,
including concepts, such as leaflet approximation, coaptation
enhancement, or direct and indirect annuloplasty.'"17:2528 Al
of these concepts and devices are in early stages of clinical
development with experience limited to patient series and fol-
low-up of weeks to month at best. In this developing and inno-
vative field, the optimal concept remains a matter of debate.

Herein, we describe the currently used techniques and
devices used for CAVI and summarize the available evidence
in the largest study cohort treated with this concept. The proce-
dure was first performed in patients in 2010 and was one of the
first interventional strategies to be applied for TR treatment.?!

Caval Valve Implantation for Treatment of Severe Tricuspid Regurgitation

Since then, multiple institutions have adopted this procedure
for compassionate use cases of patients with late-stage TR and
associated RV failure. In these patients, TR is most frequently
functional in nature and associated with RV dilatation and
dysfunction. Structural defects are rare as can be observed by
the distribution of TR pathogenesis in the present study.

The CAVI approach primarily aims to resolve backflow into
the caval veins and treat associated symptoms of heart failure.
In the pathological cascade of TR, caval backflow occurs at an
advanced stage of disease, frequently associated with RV and
venous dilatation, impaired RV function, and atrial fibrillation.
This fact together with the novelty of the approach and the lim-
ited availability of devices resulted in the selection of advanced
stage patients with severe and frequently life-limiting concomi-
tant comorbidities, frequently undergoing a last-resort treatment
approach. In this study, the STS score was 14.0+12.7, 76% of
the patients had previously undergone open heart surgery, 44%
(n=11) were in end-stage renal failure, and 28% (n=7) experi-
enced concomitant cancer disease. Despite this unfavorable risk
profile, immediate procedural success was 96% (n=24), demon-
strating the feasibility and safety of the procedure. Conversion
to surgery was required in one case after immediate SVC valve
migration. A second patient underwent surgery because of IVC
valve migration 10 days after implantation. The implantation
procedure was associated with no intraprocedural mortality.

Of note, 36% of patients had a permanent pacemaker in
place, which is considered as potential contraindication for
other TR-dedicated devices. In the current study, the presence
of pacemaker or implantable cardioverter defibrillator leads in
the SVC did neither impact the CAVI procedure nor did we
observe an effect of the implanted devices on pacemaker or
implantable cardioverter defibrillator function.

Because of the limited availability of dedicated devices,
balloon-expandable transcatheter aortic valve implantation
valves are currently most frequently used for CAVI. In the
present study, the use of these devices proved feasible and was
hemodynamically effective. However, their use is associated
with anatomic limitations with regard to anchoring and sizing.
As can be observed by the treatment strategy in the present
study, BEV were almost exclusively used for IVC implanta-
tion. A BEV implantation into the SVC was performed in only
one patient after SVC who presented with a lean, nontapered
SVC configuration (Figure 1).

In patients with chronic right heart failure and severe TR,
the central segment of the SVC is atrialized and frequently
develops tapered dilatation, requiring an anchoring strategy
in the upper, nondilated part of the superior vein segment—
as afforded by the TricValve stent frame. Furthermore, cur-
rent generations of BEV are available up to 29 mm only and
thus frequently undersized for patients with severely dilated
caval veins. The use of BEV for CAVI is, therefore, clearly
restricted to the IVC-only and should be performed in the
SVC-only in after careful anatomic evaluation.

In this excessive-risk study population, 30-day mortality
and in-hospital mortality were 8% and 24%, respectively, with
patients dying from noncardiovascular causes despite success-
ful treatment of TR.

The study further confirms the hemodynamic and clinical
effect of the procedure in patients with severe TR and central
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Figure 4. New York Heart Association (NYHA) class change before vs after caval valve implantation in patients discharged from hospital. At
baseline, all patients presented in NYHA class Ill or IV. In patients discharged from hospital (n=19), symptoms improved in 84.2% (n=16) by
>1 NYHA class. At the time of discharge, 9 patients remained in NYHA class Ill or IV (47.3%) and 52.7% improved to NYHA class | or II.

venous congestion. Major concerns associated with CAVI
include the ventricularization of RA pressure, as well as the
persistence of atrial and ventricular volume overload, poten-
tially promoting RV failure and atrial fibrillation. In the pres-
ent limited human experience, no such deleterious effects were
observed. In all patients, the CAVI procedure successfully
resolved hemodynamic backflow with a significant reduc-
tion of mean pressure in the IVC and the RA from 21.7+4.3
and 21.2+6.0 mmHg to 17.6+3.3 mmHg (P=0.01) and
17.0+£3.9 mmHg (P=0.02), respectively. Despite the immedi-
ate increase of the v-wave in the RA from 29.5+71 mmHg
before the procedure to 35.5+13.1 mmHg (P=0.07) after the
procedure, echo follow-up suggests neither an increase of RA
size (64.9+54.4 versus 63.8+50.2 cm?; P=0.94) nor deterio-
ration of RV function (TAPSE 16.5+4.1 versus16.5+4.9 mm;
P=0.95). These observations are in line with earlier reports.”

In patients discharged from hospital, CAVI was associated
with a symptomatic improvement in 84.2% of patients, with
50.2% of patients improving to NYHA class I or II. Although
NT-proBNP values show an upward trend after CAVI, this
parameter is likely of limited diagnostic value because of the
ventricularization of the RA hemodynamics and the exposi-
tion of the RV to a higher afterload after CAVI. Because of the
limited number of patients in this study, it is yet unanswered
whether bicaval versus single valve implantation has different
effects on hemodynamic or clinical outcome. However, this
question will be subject of further trials. In the present experi-
ence, BICAVI was preformed whenever possible from an ana-
tomic perspective with the available devices.

Although hemodynamically effective, CAVI is in contrast
to other interventional procedures because it aims to treat an
advanced disease state of central venous regurgitation. In a
recent study by Nickenig et al," tricuspid edge-to-edge repair
using the MitraClip device proved effective to reduce TR
severity and improve associated symptoms of heart failure.
Although the edge-to-edge technique is an orthotopic treat-
ment concept aiming to restore tricuspid valve function, the
technique reduced but did not resolve TR to trace or zero in
the majority of patients, which was nevertheless associated
with symptomatic improvement.!" The study by Nickenig
et al'' included nonsurgical patients as well; however, the
patient population presented a more favorable risk profile
with less comorbidities. The difference in risk profile is con-
firmed by an STS score of 4.7+4.6 in the study by Nickenig
et al' versus an STS of 14.0+12.7 in the present study. This
finding supports an earlier general observation that patients
with severe TR resemble a heterogenic cohort with a wide
span of comorbidities, risk profiles, and anatomic specifica-
tion essentially necessitating a stratified approach for inter-
ventional TR treatment.

Limitations

Our exploratory study presents observational data on feasi-
bility of CAVI and summarizes the current experience with
this treatment approach. The number of patients is limited,
patients were not randomized, and data were acquired without
core laboratory adjudication. Because of its exclusive com-
passionate use, the present clinical experience is currently
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Figure 5. Boxplot diagrams of echocardiographic and hemodynamic changes before vs after implantation. A-C, Tricuspid annulus diam-
eter, tricuspid annular plane systolic excursion, and right atrial (RA) area in transthoracic echo before caval valve implantation (CAVI) and
before discharge. D-F, Cardiac index, mean pressure, and v-wave in the inferior vena cava (IVC) and in the RA before vs immediately after
CAVI. °Extreme values. *Statistical outlier. TAPSE indicates tricuspid annular plane systolic extension.
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limited to the most severely ill subgroup of patients with lim-
ited clinical follow-up. It, therefore, remains unclear whether
the presented treatment modality is able to induce a sustained
clinical improvement or improve patient prognosis.

Conclusions

Treatment of severe TR and caval backflow with the CAVI
technique is feasible and hemodynamically effective. The
associated hemodynamic improvement may potentially trans-
late into clinical improvement as observed in the present
study. However, further studies, including randomized trials,
are necessary to determine which patients benefit most from
interventional treatment and to adjust criteria for clinical and
anatomic patient selection for different subgroups.
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Online supplement — Video 1:

Implantation procedure guided by fluoroscopy and transesophageal echo.





