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Abstract
Tricuspid valve (TV) replacement via transcatheter 
techniques is feasible but not yet widely utilized. The 
two cases reported here describe transcatheter re-
placement of a failing bioprosthetic TV and a failing 
native valve that previously underwent surgical annu-
loplasty repair. The first case was a 26-year-old male 
with Ebstein’s anomaly who underwent surgical TV 
replacement with a 33-mm Hancock bioprosthesis 15 
years prior to transcatheter intervention. The valve had 
become stenotic and regurgitant and was successfully 
replaced with a Melody valve mounted on a 22-mm En-
semble balloon-in-balloon system. The second case was 
a 59-year-old female with rheumatic heart disease who 
had undergone prior surgical TV repair with a 30-mm 
Edwards incomplete annuloplasty ring. Her repaired 
valve eventually became severely regurgitant, and she 
underwent successful transcatheter valve replacement 
using a 29-mm Sapien XT valve. She exhibited paraval-
vular regurgitation necessitating vascular plug implan-
tation. These two cases highlight the potential utility 
and limitations of commercially available transcathe-
ter valves in the tricuspid position. Moreover, this re-
port compares and contrasts the procedural nuances of 
TV replacement within a complete bioprosthetic valve 
ring versus an open annuloplasty ring.
Copyright © 2017 Science International Corp.
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Introduction

Native tricuspid valve (TV) dysfunction is associ-
ated with both congenital and acquired heart con-
ditions. Conditions such as severe pulmonary hyper-
tension or right ventricular (RV) outflow obstruction 
can lead to elevated RV systolic pressure, commonly 
causing RV and TV annular dilation and subsequent 
tricuspid regurgitation (TR). Patients with congenital 
RV outflow dysfunction, such as repaired Tetralogy of 
Fallot with pulmonic stenosis and/or regurgitation, 
commonly develop secondary TR. Other congenital 
conditions associated with primary TV dysfunction 
include Ebstein’s anomaly, with regurgitation occur-
ring due to dysplastic tricuspid leaflets. Although TR 
may be well tolerated for decades, eventual clinical 
sequelae usually emerge. These most commonly in-
volve progressive RV dysfunction, the development 
of ventricular and supraventricular arrhythmias, and 
elevated central venous pressure leading to multi-
-organ congestion.

TV repair techniques include the placement of 
annular rings as well as more complex operations 
to relocate or augment TV leaflets in patients with 
Ebstein’s anomaly. Repair is usually successful in 
the short and intermediate term, but up to 25% of 
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patients develop moderate or severe regurgitation 
within 5 years [1, 2]. In  patients with congenital 
forms of TR, surgical replacement may be necessary 
at a young age; longer-lasting mechanical valves 
would require placing young patients on anticoag-
ulants, and yet bioprosthetic valves commonly re-
quire replacement within 10–15 years [3, 4]. Use of 
biological valves early in life most certainly predicts 
multiple reoperations as they begin to fail, and re-
peat surgery is associated with increased morbidity 
and mortality [5].

Percutaneous TV replacement may be a viable al-
ternative to surgical reoperation. This procedure has 
been well documented in the aortic and pulmonary 
valve positions, and there is a growing body of evi-
dence for the use of both the Melody (Medtronic Inc.) 
and Sapien (Edwards Lifesciences) valves in failing 
TV rings and bioprostheses [6]. Although the proce-
dural success rate is high with immediate hemody-
namic benefits, there is paucity of long-term data. In 
terms of recurrent TR post annuloplasty, successful 
utilization of transcatheter valves is limited to iso-
lated case reports and small case series [7, 8, 9]. The 
present report details two cases of transcatheter TV 
replacement—one within a failing bioprosthesis and 
the other in a regurgitant native valve with an in-
complete annuloplasty ring—and seeks to highlight 
the differences in technique, device selection, and 
procedural outcomes.

Case 1: Failing Bioprosthesis

A 23-year-old male born with Ebstein’s anomaly 
and ostium secundum atrial septal defect underwent 
surgical TV repair at 3 years of age. Complications in-
cluded prolonged intensive care unit stay and a ster-
nal wound infection. At 14 years of age, he underwent 
surgical TV replacement with a 33-mm Hancock bio-
prosthesis due to progressive TR and recurrent atrial 
arrhythmias. Complications included ventricular fibril-
lation and bleeding requiring resuscitation and explo-
ration, again resulting in a prolonged hospital course. 
He did well thereafter and was not cyanotic, therefore 
the atrial septal defect was percutaneously closed. A 
decade later, he developed progressive symptoms and 
signs of RV failure and volume overload and was noted 
to have severe stenosis and moderate regurgitation of 
the bioprosthetic TV. Due to multiple prior sternoto-
mies and surgical complications, the patient and sur-
geon preference was to avoid further surgery. He was 
therefore referred for transcatheter valve replacement.

The patient underwent uncomplicated percuta-
neous tricuspid valve-in-valve (TVIV) replacement 
with a 22-mm Melody valve under general anesthe-
sia with transesophageal echocardiography (TEE) 
guidance. The right femoral vein was utilized for right 
heart catheterization and TV intervention. Pre-inter-
ventional mean inflow gradient was 6 mmHg with a 
heart rate of 55 beats per minute (bpm; Figure 1A). 

BA
Figure 1. Panel A. Pre-deployment mean RV-pulmonary artery gradient measurement of 6 mmHg, Fick cardiac output of 4.45 L/min, 
and estimated TV area by the Gorlin formula of 0.97 cm2. Panel B. Post-deployment mean RV-pulmonary artery gradient measurement 
of 2 mmHg.
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dient by Doppler to 4 mmHg within 3 weeks, and the 
valve has continued to function well 14 months post-
implantation.

Case 2: Failing Native Valve with Incomplete An-
nuloplasty Ring

A 59-year-old female with a history of atrial fi-
brillation and rheumatic mitral valve (MV) stenosis 
underwent bioprosthetic MV replacement and the 
Maze procedure at 46 years of age. At 57 years of age, 
she received a redo MV replacement for prosthetic 
valve stenosis and TV repair with a 30-mm Edwards 
incomplete annuloplasty ring for severe TR. She de-
veloped high-grade atrioventricular block and also 
received a transvenous permanent dual chamber 
pacemaker with an atrial lead and a ventricular lead 
placed in a lateral cardiac vein via the coronary sinus 
to avoid crossing the TV. Within 1 year, she developed 
heart failure symptoms and required up-titration of 
diuretic therapy and home intravenous dobutamine. 
She had progressive renal failure and severe recurrent 
TR requiring hospitalization and initiation of multiple 
inotropic medications and continuous veno-venous 
dialysis. She was also diagnosed with congestive he-
patic cirrhosis. She was evaluated for surgical valve re-

Following diagnostic catheterization, an Amplatzer 
super-stiff (St. Jude Inc.) was placed in the right pul-
monary artery, and a PTS-X 30-mm balloon (Numed 
Inc.) was inflated across the tricuspid bioprosthe-
sis with a 21-mm waist noted (Figure 2A). A Melody 
valve was then mounted on a 22-mm Ensemble bal-
loon-in-balloon delivery system and deployed within 
the Hancock II bioprosthesis (Figure 2B). Subsequent 
hemodynamic assessment showed a reduction in the 
mean inflow diastolic gradient to 2 mmHg (Figure 1B) 
without evidence of intra- or paravalvular leak (PVL). 
The patient was extubated in the catheterization lab-
oratory and discharged to home the following day 
on daily 325 mg aspirin therapy. A post-operative 
echocardiogram revealed a mean inflow gradient 
of 3.5  mmHg and trace TR. The patient reported in-
creased physical stamina and denied dyspnea on 
moderate exertion.

However, 8 months after the valve implantation, a 
routine echocardiogram demonstrated an increase 
in the diastolic transvalvular mean Doppler gradient 
to 11 mmHg, suggestive of valve stenosis. The valve 
was not well visualized, but there was clinical suspi-
cion of a possible thrombotic etiology. The patient 
was initiated on anticoagulation with rivaroxaban 20 
mg daily with a reduction in the mean diastolic gra-

A B

Figure 2. Panel A. Balloon inflation across the stenotic prosthesis indicated a 21-mm waist. Panel B. Post-placement of a 22-mm 
Melody valve.
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was deployed with rapid pacing at 160 bpm using the 
existing permanent pacemaker (Figure 4B). Following 
valve deployment, TEE imaging demonstrated mod-
erate medial PVL and mild lateral PVL (Figure 3C). The 
medial PVL was successfully crossed with a guide wire 
and catheter, and two Amplatzer vascular plugs (AVP 
II, St. Jude Medical) were successfully placed, reduc-
ing the PVL to mild (Figure 3D).

The patient tolerated the procedure well and was 
weaned from all pressor support within 1 week, re-
maining hemodynamically stable thereafter. Her renal 
function improved dramatically, and she was able to 
discontinue dialysis 1 month post-intervention. Fol-
low-up transthoracic echocardiograms showed mild 
TR with no stenosis 8 months post-intervention. Her 
functional capacity improved from New York Heart 

placement and multi-organ transplantation but was 
felt to not be a candidate for either. Percutaneous TV 
replacement was considered as a potential palliation.

The patient underwent transcatheter TV implanta-
tion using a 29-mm Edwards Sapien XT valve without 
pre-stenting of the ring. The procedure was guided 
by TEE and fluoroscopy and performed under gen-
eral anesthesia (Figure 3A). Via a femoral venous 
approach, a 30-mm × 4-cm PTS-X balloon (Numed) 
was inflated across the annuloplasty ring to reveal a 
27–28 mm waist (Figure 4A) with evidence of mild to 
moderate residual regurgitation within the medial 
“open” portion of the ring (Figure 3B). Right coronary 
angiography showed no evidence of compression. A 
29-mm Edwards Sapien XT valve and delivery system 
were introduced into the tricuspid position. The valve 

A B

C D

Figure 3. Transesophageal Doppler echocardiographic images. Panel A. Tricuspid valve color Doppler pre-deployment demonstrating 
severe regurgitation. Panel B. Balloon inflation across the native valve demonstrated residual medial regurgitation in the open part of 
the annuloplasty ring. Panel C. Post-deployment of a 29-mm Sapien XT valve showed moderate medial and mild lateral paravalvular leak 
(PVL). Panel D. Post-deployment of Amplatzer vascular plugs medially resulted in a reduction of PVL. No central regurgitation was noted. 
RA = right atrium; LA = left atrium; TV = tricuspid valve; AV = aortic valve.
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Association (NYHA) class IV prior to the procedure to 
NYHA class II within 3 months. However, increasing se-
verity of the lateral PVL precipitated worsening heart 
failure symptoms and volume overload. Therefore, 
she underwent repeat catheterization 10 months 

after valve replacement with successful occlusion 
of the lateral PVL under intracardiac echo guidance 
(Figure 5A). Follow-up echocardiography at 3 and 6 
months showed stable valve function and mild lateral 
and medial PVL (Figure 5B).

A B

Figure 4. Panel A. Balloon inflation across the annuloplasty ring indicated a 27-mm waist. Panel B. Post-placement of a 29-mm Sapien 
XT valve.

A B

Figure 5. Panel A. Post-deployment of additional Amplatzer vascular plugs to treat worsening lateral paravalvular leak (PVL) in addi-
tion to medial plugs from initial catheterization. Panel B. Transthoracic echocardiogram with Doppler post-deployment of additional 
vascular plugs showed reduced PVL. Trace central regurgitation was noted. RV = right ventricular; TV = tricuspid valve.
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Discussion

Although there is an increasing number of reports 
of successful transcatheter deployment of biological 
valves in the tricuspid position, this is not yet stan-
dard of care. In 2011, a study of 15 patients from eight 
medical centers reported successful deployment in 
12 patients without complication [10]. A more re-
cent study of 10 patients, including five with Ebstein’s 
anomaly, reported only one complication of valve mi-
gration post-deployment [11]. The largest experience 
to date is a multi-center database of TVIV implants 
detailing the outcomes and 1-year follow-up of 156 
patients with TVIV, which demonstrated no proce-
dural mortality and excellent short- to medium-term 
outcomes [6]. Our two cases involved specific com-
plexities of the procedure and post-implantation out-
come, demonstrating our approach to their manage-
ment.

Among these patients, it is important to identify 
the primary diagnosis because Ebstein’s anomaly is 
associated with complex hemodynamics. Patients 
with Ebstein’s anomaly often suffer from RV dysfunc-
tion and restrictive diastolic function and may have 
undergone numerous surgical repairs and replace-
ments. Moreover, they are at increased risk for both 
atrial and ventricular arrhythmias [12]. As the mor-
bidity and mortality risk associated with surgical TV 
replacement is often high [5], the excellent short- and 
intermediate-term outcomes of trans-catheter valve 
replacement make it a viable alternative.

Surgical TV replacement is most often performed 
using bioprosthetic valves. There is limited experi-
ence with mechanical valves in this position, and 
there is a concern for a higher risk of valve throm-
bosis in the tricuspid position [13]. It has tradition-
ally been recognized that the primary mode of bio-
prosthetic TV failure is structural deterioration with 
resultant calcification and progressive stenosis and 
regurgitation. However, recent studies show that 
bioprosthetic valve thrombosis (BPVT) is common 
and a more underdiagnosed mode of failure than 
originally thought [14, 15]. The estimated prevalence 
of BPVT in the tricuspid position is 12%, resulting in 
early failure of the valve usually occurring within 5 
years of implantation. BPVT of a tricuspid biopros-
thesis is usually insidious in presentation and re-

sults from an elevation in central venous pressure, 
which symptomatically is much less dramatic than 
left-sided valve thrombosis with a resultant eleva-
tion in left atrial pressure and pulmonary edema [13, 
16]. Pathognomonic signs of BPVT include an acute 
rise in transvalvular gradient of more than 50% over 
baseline in the short- to medium-term, paroxys-
mal atrial fibrillation, increased cusp thickness, de-
creased cusp mobility, and sub-therapeutic interna-
tional normalized ratio [16]. BPVT was highly likely in 
Case 1, in which there was a sharp increase in valve 
gradient (>50%) within 8 months after Melody valve 
placement. The initiation of anticoagulation resulted 
in a dramatic improvement in valve gradient, which 
provides additional support for the assertion that 
this was early BPVT. The use of non-vitamin K antag-
onists for anticoagulation following bioprosthetic 
valve replacement has not been well studied but in 
this case proved effective.

Percutaneous valve replacement of native TVs 
presents with additional challenges due to the lack of 
secure circumferential scaffolding provided by surgical 
bioprostheses. The native annulus is highly distensible 
and is not a stable landing zone for balloon-dilated 
transcatheter valves. In patients with annuloplasty 
bands or rings of the TV, a transcatheter valve-in-ring 
approach is feasible. Case 2 demonstrates that such an 
approach is possible in patients with incomplete an-
nuloplasty rings from previous TV repair.

It should be noted that an incomplete ring annu-
loplasty does not supply the same level of support 
as a previously placed bioprosthetic valve. PVL is 
common and should be expected, especially in the 
medial open part of the ring. However, this can be 
readily treated with transcatheter vascular plug/
occluder deployment at the time of valve implanta-
tion. PVL can be progressive, as in Case 2, and may 
require additional vascular plug placement during 
follow-up.

Additionally, it is important to recognize that the 
reduced radial support along the open portion of the 
existing ring could ostensibly lead to deformation 
of the bioprosthetic valve. Sufficient loss of circular 
shape could prevent the leaflets from coapting as 
originally designed, potentially resulting in regurgita-
tion. However, despite the loss of the circular shape in 
Case 2, there was minimal intravalvular regurgitation. 



Zhou, S. et al.	             Percutaneous Tricuspid Valve Replacement

61	             Case Report

Paravalvular regurgitation is expected and was ade-
quately treated with vascular plugs.

Conclusion

In addition to exhibiting immediate post-interven-
tional improvements and relief of symptoms without 
complication, both patients have remained stable 
in the intermediate term. One patient likely devel-
oped Melody valve thrombosis, which was effectively 
treated with oral anticoagulation. Pending additional 
long-term follow-up, these cases provide evidence of 

substantial and versatile benefits of a transcatheter 
approach to TV replacement, both in bioprosthetic 
and native TV post-surgical annuloplasty.
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