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Background: The most common reason for reintervention after a Bj€ork modification of
the Fontan procedure, in which the right ventricle (RV) is incorporated into the pulmo-
nary circulation by connecting the right atrial (RA) appendage to the RV directly or with
an extra-anatomic graft, is obstruction or regurgitation of the RA–RV connection.
Transcatheter implantation of a valved stent is an appealing option for the treatment of
RA–RV conduit dysfunction in these patients. In the present study, we assessed early
and intermediate results after transcatheter valve implantation within an obstructed or
regurgitant RA–RV modified Fontan pathway. Methods: Through a retrospective multi-
center registry, we collected data from 16 patients with a modified Fontan circulation
who were treated with percutaneous Melody or Sapien valve implantation for dysfunc-
tion of an extra-anatomic RA–RV conduit or valve. Results: All patients had successful
and uncomplicated implantation of a Melody (n 5 15) or Sapien 3 (n 5 1) valve with he-
modynamic and, in most cases, clinical improvement. During a median follow-up of 3.3
years, 3 patients died of cardiovascular causes unrelated to the procedure or the valve,
and no major valve dysfunction was observed. Conclusion: Percutaneous transcathe-
ter valve deployment to treat a dysfunctional RA–RV connection after a Bj€ork modifica-
tion of the Fontan procedure is a viable alternative to surgery, with low procedural
risk, and appears to offer good early and intermediate results. VC 2016 Wiley Periodicals, Inc.
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INTRODUCTION

The Bj€ork modification of the Fontan operation, per-
formed primarily for tricuspid atresia with normally
related great arteries, incorporates a pulsatile right ventri-
cle (RV) into the cavopulmonary circuit by direct anasto-
mosis of the right atrial (RA) appendage to the RV [1].

Related modifications utilize a graft (either a valved xen-
ograft conduit, a nonvalved synthetic tube, or a valved or
nonvalved homograft) to connect the RA to the RV. Over
time, RA–RV graft/conduit dysfunction is a common rea-
son for symptoms after a modified Bj€ork procedure, and
revision or replacement of the RA–RV pathway is among
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the most common reinterventions in these patients [2–6].
Although there are potential advantages to inclusion of
the RV between the systemic venous and the pulmonary
arterial compartments, obstruction of the RA–RV conduit
and/or regurgitation of flow from the RV to the RA dur-
ing ventricular contraction can impose an important he-
modynamic burden. The Bj€ork or modified Bj€ork Fontan
operation is rarely performed any longer, but there
remain survivors of this procedure who may present with
symptoms or consequences related to RA–RV conduit
obstruction or regurgitation.

The morbidity and mortality associated with repeat
surgeries in patients with congenital heart disease has
markedly declined over the last 2–3 decades, but redo
surgery continues to carry risks of mortality and vari-
ous adverse outcomes [7,8], as well as further antigen
exposure that may complicate suitability for cardiac
transplantation in the future. Additionally, such surgery
has inherent limitations for treatment of dysfunctional
extracardiac RA–RV conduits, mainly due to the juxta-
sternal position [9]. Accordingly, there is a compelling
interest in transcatheter management of RA–RV con-
duit obstruction and regurgitation. The Melody valve
(Medtronic Inc., Minneapolis, MN) is approved for the
treatment of RV outflow conduit dysfunction, and has
been used for various other off-label applications [10],
including treatment of RA–RV Fontan conduit obstruc-
tion or regurgitation [5,11–15]. Similarly, successive
generations of the Sapien valve (Edwards Lifesciences,
Irvine, CA) have been extensively used in aortic and
other valvular positions [16,17]. In this study, we eval-
uated mid-term follow-up in a multicenter cohort of
patients with a modified Bj€ork–Fontan procedure who
underwent placement of a Melody or Sapien valve for
RA–RV conduit dysfunction.

METHODS

Patients

Patients with a Bj€ork (direct RA–RV connection) or
modified Bj€ork (RA–RV conduit) Fontan procedure
who underwent placement of a transcatheter valve for
obstruction or regurgitation of the RA–RV pathway
were collected as part of a larger international registry
of transcatheter tricuspid valve replacement, as recently
reported [18].

The following data were collected by means of a
standardized reporting form: demographics, diagnosis,
valve/conduit type, age of valve/conduit, mechanism of
conduit dysfunction, baseline clinical status, comorbid-
ities, baseline echocardiographic, and cardiac catheteri-
zation data, procedural details, acute hemodynamic and
clinical outcomes, early complications, and information
in regards to clinical, echocardiographic, valve function,

and outcome at their latest clinic visit. Local Research
and Ethics boards at each hospital approved the study.

Procedure

Procedures were performed either under general or
local anesthesia, through femoral venous access, and
under fluoroscopy, with or without echocardiography
guidance. The technical details of the procedure, includ-
ing predilation of the pathway, stent placement before
valve implant, and postdilation after valve implant, were
at the discretion of the operator. Technical success was
defined as deployment of the Melody or Sapien valve in
the intended location within the RA–RV conduit or valve
without significant residual gradient or regurgitation. Vas-
cular complications were defined as per the Valve Aca-
demic Research Consortium consensus document [19].

Data Analysis

Data are presented descriptively as frequency (%),
median (minimum–maximum), or mean� standard
deviation. Pre- and postintervention pressures were
compared using paired t test, and paired categorical
data on tricuspid regurgitation (mild or less vs. moder-
ate or severe) were compared with McNemar’s test.

RESULTS

Patients

A total of 16 patients who underwent transcatheter
valve implant within a RA–RV Fontan connection
were identified from 10 centers in the US, Canada, and
Europe. Six of these patients were included in case
reports or series of transcatheter tricuspid valve
replacement [5,11,12,14,15]. Demographic, historical,
and diagnostic data are summarized in Table I. The
median age at the time of intervention was 41 years
(25–48 years). All patients had a total cavopulmonary
connection with drainage of the inferior and superior
caval veins to the RA, or a bidirectional Glenn anasto-
mosis (n¼ 3), along with a RA–RV connection and an
intact atrial septum. The RA–RV connection consisted
of a homograft conduit in 6 patients, a xenograft
valved conduit in 4, a nonvalved tube graft in 3, and a
bioprosthetic valve within a direct connection in 3. The
median nominal diameter of the valve or conduit at the
time of surgical repair was 26 mm (14–31 mm;
unknown in 1), and the median duration from surgical
conduit/valve implant to percutaneous intervention was
16 years (1–32 years). Eleven patients had previously
undergone revision or replacement of the RA–RV path-
way/conduit.

All patients had impaired functional status, with 2
patients in New York Heart Association (NYHA) class
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2, 13 in class 3, and 1 in class 4. Most patients
(n¼ 12) had a history of or active atrial flutter. Other
co-morbidities are summarized in Table I. Poor surgi-
cal candidacy due to multiple previous operations and
co-morbidities was the most common reason for
attempting percutaneous valve intervention. One patient
who was severely debilitated with atrial flutter, chronic
renal insufficiency, anemia, hypothyroidism, lung dis-
ease, and type 2 diabetes was severely ill and hospital-
ized prior to the procedure.

Baseline Hemodynamics

Fourteen patients had some degree of mixed obstruc-
tion and regurgitation of the conduit/valve, and one
each had isolated stenosis or regurgitation. Hemody-
namic details from the precatheterization echocardio-
gram and the catheterization are summarized in Figure 1
and Table II.

Procedure

All procedures in this series were performed through
femoral venous access, with 14 under general anesthesia
and 2 with local anesthesia. Adjunctive intraprocedural
imaging was used in 9 patients, including transesophageal
echocardiography in 7 and intracardiac echocardiography
in 2. Details of the intervention are summarized in Table
III. Rapid pacing was not utilized. Prestenting of the con-
duit with 1 or more bare metal stents was performed in 8
patients, including 7 of the 9 with unsupported conduits
(i.e., homografts and nonvalved synthetic tube grafts).

Thirteen of the 15 Melody valves were deployed on a
22 mm Ensemble delivery system (Medtronic Inc., Minne-
apolis, Minnesota), and 1 each was delivered on a 20 mm
delivery system or a 24 mm balloon. The Sapien 3 valve

TABLE I. Baseline Characteristics

Male/female 8/8

Age (years) 41 (25–48)

Weight (kg) 74 (47–100)

Primary diagnosis

Tricuspid atresia 15

Hypoplastic right ventricle/ventricular septal defect 1

Type of RA–RV connection

Homograft 6

Xenograft valved conduit 4

Nonvalved tube graft 3

Bioprosthetic valve within direct RA–RV connection 3

Implanted diameter of the original conduit/valve (mm) 26 (14–31)

Age of the valve/conduit, yrs 16 (1–32)

Number of previous cardiac operations 3 (2–6)

Prior RA–RV conduit replacement or revision 11

Existing pacemaker 3

Comorbidities

Atrial flutter 12

Chronic obstructive or restrictive pulmonary disease 2

Liver cirrhosis 2

Acute or chronic renal failure 2

Previous history of infective endocarditis 1

Data are presented as median (minimum–maximum) or number.

Fig. 1. Panels (top and middle) depict (top) the mean Doppler
RA–RV gradient and (middle) RA–RV conduit regurgitation se-
verity determined by echocardiography preintervention, early
postintervention, and at latest follow-up. The P values in (top)
reflect comparison with the preintervention time point (pre-
vs. early postintervention and pre- vs. follow-up) by paired t
test. The column chart in bottom) depicts the distribution of
NYHA functional status classification before implant (n 5 16)
and at most recent follow-up (n 5 13). Two of the deceased
patients are included in the follow-up column, including the 1
in NYHA class 4 and 1 of the 2 in class 3, both of whom were
unchanged from preimplant. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]
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was a 29 mm device implanted within a bioprosthetic
valve in a direct RA–RV pathway. The only concomitant
procedure (other than prestenting) was stent implantation
for left pulmonary artery stenosis in 1 patient, which was
performed prior to Melody valve deployment. All valves
were implanted successfully, without embolization or mal-
position (Fig. 2, Video 1a,b).

Early Outcomes

Acute hemodynamic outcomes are summarized in
Table II and depicted in Figure 1. Immediately postim-
plant, there was significant improvement in the mean
RA–RV inflow gradient (P< 0.001) and the severity of
RA–RV conduit regurgitation (P¼ 0.002). The highest
postimplant mean RA–RV gradient was 3 mm Hg by
invasive pressure measurement (median 1.5 mm Hg)
and 4 mm Hg by Doppler echocardiography (median
2 mm Hg), and regurgitation was reduced to none
(n¼ 12) or trivial (n¼ 3) in all but 1 patient, in whom
it was reported as mild. Two patients had trivial
(n¼ 1) or mild (n¼ 1) paravalvular regurgitation. Im-
mediately postintervention, the mean RA pressure

remained unchanged, whereas RV systolic and end-
diastolic pressures were higher than preprocedure.

Three patients had pre-existing pacemakers, 1 of
which was transvenous with a lead across the conduit
into the RV that was entrapped between the Melody
and the previously implanted bioprosthetic valve with-
out any change in function. One patient had minor vas-
cular complications without any sequelae, but no other
procedural or hospital complications were noted. The
median hospital stay was 2 days (1–16 days). At the
time of discharge, all patients were on some form of
antiplatelet and/or anticoagulant therapy: 8 on warfarin
alone, 5 on antiplatelet therapy alone, and 3 on a com-
bination of anti-platelet and warfarin therapy.

Follow-up

Patients were followed for a median of 3.3 years
(0.1–7.1 years); 5 patients were followed for 4 years or
longer. Three patients died, including the only patient
in NYHA class 4 preimplant, 1, 11, and 35 months
postintervention. All of the deaths were from cardio-
vascular causes but unrelated to the procedure or valve:
1 arrhythmia, 1 progressive heart failure, and 1 patient
(described above) who was acutely ill and hospitalized
preprocedure but never improved.

During follow-up, no patients underwent valve-
related reinterventions. However, 1 patient underwent
Fontan revision due to refractory atrial flutter and the
RA–RV conduit was replaced at that procedure. Another
patient underwent percutaneous atrial flutter ablation
and 1 required ongoing renal replacement therapy for
chronic insufficiency. NYHA status was reported at
follow-up for 11 of the 13 surviving patients, 10 of
whom had improved by 1 (n¼ 7) or 2 (n¼ 3) grades.
The median follow-up NYHA class was 2 [1–3], with 4
patients in class 1 and only 1 patient in class 3 (Fig. 1).
No patients were diagnosed with suspected or confirmed
infective endocarditis. One patient, who had a valve
implanted within a heavily calcified homograft conduit
with a single prestent, was diagnosed with a Melody
valve stent fracture approximately 2 years after implant,

TABLE II. Invasive Hemodynamic Data at Baseline, Early After Transcatheter Valve Implant, and at Follow-Up

Preprocedure

(n¼ 15)

Immediately postprocedure

(n¼ 15)

Latest follow-up

(n¼ 6)

Mean RA pressure 17 (10–25) 15 (8–24) 13.5 (10–17)

RA ‘a’ wave pressure 19 (12–25) 17.5 (12–25) 15.5 (12–18)

RA ‘v’ wave pressure 15 (12–24) 17.5 (11–22) 13.5 (10–18)

Mean RA–RV inflow gradient 5 (2–12) 1.5 (0–3)a 2.0 (1–4)

RV systolic pressure 26.5 (16–37) 30 (24–39)% 25 (21–51)

RV end-diastolic pressure 10.5 (5–20) 13.5 (5–24)# 11 (8–13)

Data presented as median (minimum–maximum).
aP¼ 0.001, %P¼ 0.02, #P¼ 0.011 In comparison to preprocedure values.

TABLE III. Procedural Information

General/local anesthesia 14/2

Access site, femoral vein 16

Intraprocedure echocardiography 9

Transesophageal echocardiography 7

Intracardiac echocardiography 2

Predilatation performed 10

Predilation balloon diameter, mm 22 (14–26)

Prestent placed before valve implant 8

Implant delivery system size

20 mm/22 mm/24 mm/29 mm 1/13/1/1

Postdilation of the implanted valve 6

Malposition, embolization, and/or

need for second valve implant

0

Paravalvular leak 2

(None/trivial/mild/moderate/severe) 0/1/1/0/0

Complications

Vascular complications 1

Major/minor 0/1

Others 0

Data presented as median (minimum–maximum) or number.
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and was observed to have progression in the number of
fractured struts over the subsequent 5 years but no evi-
dence of valve dysfunction (mean gradient 5 mm Hg at
most recent follow-up) (Fig. 3) [14].

As summarized in Table II, transcatheter valve func-
tion remained good in most patients, although new
onset moderate TR was observed in 1 patient 4.4 years
postintervention. The mean Doppler gradient on the
most recent echocardiogram was modestly but signifi-
cantly higher than on the early postimplant study by
paired t test (3.8� 2.3 vs. 2.3� 1.1, P¼ 0.002), but
still substantially lower than preimplant (7.1� 5.0,
P¼ 0.011). Six patients underwent cardiac catheteriza-
tion 2.3–4.3 years after implant (median 3.4 years),
with mean and phasic RA pressures that were lower
than preimplant and RV pressures that were similar.
The patient who received a Sapien 3 valve was fol-
lowed for only 2.3 months. Video 2 demonstrates intra-
cardiac echocardiography of a well-functioning Melody
valve during catheterization 3.5 years after implant.

DISCUSSION

Patients born with tricuspid atresia are usually palli-
ated with a modified Fontan circulation. Prior to the
advent of lateral tunnel and extracardiac conduit strat-
egies for total cavopulmonary connection, patients with
tricuspid atresia and normally related great arteries of-
ten had a Bj€ork or modified Bj€ork Fontan procedure,
in which the subpulmonary RV was incorporated into
the Fontan circuit, allowing injection of kinetic energy
into the pulmonary circulation. Although several stud-
ies from the 1980s suggest that there are benefits to
incorporation of the RV in patients with tricuspid atre-
sia, it is unclear if and in which patients this circula-
tory arrangement conferred a long-term survival or
functional advantage [20–22]. The RA–RV connection
in a modified Bj€ork procedure can vary in size, type,
and configuration, but studies found that reintervention
on the conduit/anastomosis was among the most com-
mon sources of late morbidity regardless of conduit

Fig. 2. Frontal (A and C) and lateral (B and D) projection angiograms before (A and B) and after
(C and D) Melody valve (M) implantation in a patient with a stenotic and regurgitant biopros-
thetic valve (black arrows) in the proximal portion of the right atrium (RA) to right ventricle (RV)
connection. The black arrows indicate the radiopaque markers on the commissural posts of
the surgical valve. The white arrows in B indicate the narrow orifice of the valve and regurgita-
tion into the RA. After Melody valve implant, the caliber of the orifice is larger and there is no re-
gurgitation.
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type [4]. This is reflected in the current study cohort,
two-thirds of whom had undergone surgical revision of
the RA–RV connection prior to Melody valve implant.
Although, studies have demonstrated that a direct RA

appendage-RV connection is associated with signifi-
cantly less need for reintervention than pathways incor-
porating an extra-anatomic RA–RV conduit, patients
with a valveless direct connection are more prone to
complications of a failing Fontan circulation [4,23].
Although the Bj€ork procedure is rarely employed in
the current era, there remain numerous patients with
this circulation who present with the various complicat-
ing factors of a Fontan circulation and require manage-
ment.

In this multicenter study, transcatheter implantation
of a Melody or Sapien 3 valve was effective at restor-
ing good hemodynamic function of the extra-anatomic
RA–RV connection in patients with a Bj€ork or modi-
fied Bj€ork Fontan connection, with few procedural or
late complications. It was encouraging to note excellent
valve function over a relatively long duration of
follow-up and stable clinical improvement in this com-
plex patient population. However, some patients
remained symptomatic, mainly due to atrial flutter, and
thus it was difficult to assess the true impact of valve
implantation in these patients. Also, the relatively high
mortality (n¼ 3) during follow-up, despite successful
valve implant, highlights the limitations of this modest
hemodynamic intervention on the background of an
inherently inefficient modified Fontan circulation.
Although RA–RV conduit dysfunction is a rare prob-
lem in the current era, it is important to recognize that
transcatheter therapy can be utilized to help improve
the hemodynamic status of this circulation but that it
has limitations.

There are no recent series of reoperation in patients
with obstruction of a RA–RV Fontan connection, but
studies published 15–20 years ago reported substantial
mortality [4,9]. It is likely that percutaneous interven-
tion for RA–RV conduit dysfunction offers a number
of advantages over reoperation in patients who do not
require other surgical interventions, including avoid-
ance of cardiopulmonary bypass and the other morbid-
ity associated with re-sternotomy, freedom from blood
transfusion which may help reduce sensitization that
can interfere with suitability for cardiac transplantation,
and earlier mobilization and shorter hospital stay. Of
course, these benefits must be weighed against risks.
There were few complications in this series, but poten-
tial risks may be inferred from the literature on Melody
valve implant in RV outflow tract conduits. In particu-
lar, recent articles raised concern about infective endo-
carditis after transcatheter valve replacement [24,25].
No cases of endocarditis or systemic infection were
reported during follow-up of up to 7 years in this small
cohort, all of whom were maintained on antiplatelet
and/or anticoagulant therapy, but close follow-up and a
low threshold for investigating signs or symptoms of

Fig. 3. (Top) This lateral projection chest X-ray demonstrates
a Melody valve implanted within a heavily calcified homograft
RA–RV conduit (HC), with multiple minor stent fractures
(arrows indicate 2 of these). There is a single prestent. A indi-
cates the anterior chest wall. (Bottom) These lateral projec-
tion fluoroscopic images show a stented RA–RV conduit (in a
different patient) prior to Melody valve implant (left) and fol-
lowing placement of an additional prestent and a Melody
valve (right). Note the significant anteroposterior compression
of the stented conduit on the left, and the enlargement and
relief of compression after stent and Melody valve implant on
the right.
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infection are critical in this population, as in any
patient with a prosthetic valve or conduit.

As the RA–RV pathway is prone to external com-
pression, prestenting the conduit/graft prior to the Mel-
ody valve may play a critical role maintaining valve
integrity during follow-up (Fig 3). In the early experi-
ence with the Melody valve in the RV outflow tract,
stent fracture and consequent obstruction was a prob-
lem, but this has been largely overcome with the rou-
tine use of bare metal stents to prestent the conduit
before valve implant [26]. The anterior position of the
RA–RV conduit or pathway in an RA–RV Fontan may
impart similar risk for Melody valve stent fracture risk.
Accordingly, prestenting may be important in Bj€ork
patients undergoing Melody valve implant, particularly
in those with an unsupported RA–RV connection (e.g.,
a homograft conduit or nonvalved tube graft). Most of
the patients in this series with an unreinforced conduit
had prestents placed before valve implant, and one of
these patients was diagnosed with a fractured prestent
several years after Melody valve placement, with no
evidence of valve dysfunction. Otherwise, there were
no Melody valve stent fractures. Although the issue of
conduit compression was not specifically addressed in
the current study, using a projection that looks down
the barrel of the conduit can help demonstrate residual
compression and prestent implantation and help guide
decision-making about placement of additional stents,
as depicted in Figure 3.

In patients with intractable atrial arrhythmias or
severe hemodynamic derangement after a modified
Fontan procedure, simply relieving RA–RV conduit
obstruction or regurgitation by implanting a transcathe-
ter valve is unlikely to make a major difference. In
such cases, heart transplant or Fontan conversion with
arrhythmia surgery are likely necessary [27,28]. How-
ever, Fontan conversion can be associated relatively
high mortality [28], particularly in sicker patients, and
many patients are deemed unsuitable candidates. RA–
RV valve implantation may be of palliative benefit in
such patients. Similarly, valve implant within an RA–
RV conduit will not mitigate the deleterious pathophys-
iology of a Fontan circulation altogether, and in the
current study cohort, RA pressures remained elevated
even after Melody valve placement, due at least in part
to high RV end-diastolic pressures. And in the sickest
patient in this series, who died 1 month after implant
despite an uncomplicated procedure and good valve
function, valve implant made no difference, illustrating
the importance of intervening before it is too late.
Even though valve implant may yield only modest he-
modynamic benefit, reduction of regurgitant flow and
elimination of obstruction should nevertheless improve
the efficiency of this circulation, which may be suffi-

cient to reduce symptoms in some patients, as demon-
strated in this study. It is also possible that valve
implant will allow sufficient clinical improvement in
some patients with symptomatic atrial flutter that they
will become more favorable surgical candidates.

LIMITATIONS

This is a retrospective multicenter registry with in-
herent limitations, including a small number of
patients, incomplete data, and potential reporting and
selection biases. While operators from each participat-
ing center submitted data on all patients who under-
went catheterization for intended valve implant in this
patient population, there were likely similar patients at
other centers who were not included in the registry.
Moreover, generalization of the findings may not be
appropriate. While RA–RV conduit function clearly
improved and patients reported an improvement in
functional status, the physiologic and clinical implica-
tions of valve implantation were not evaluated, making
it difficult to determine the impact of these interven-
tions. It would be of value to understand whether valve
implant had a direct effect on right atrial volume, car-
diac index and cardio-pulmonary exercise tests. How-
ever, such details were not obtained clinically in most
patients or available in the registry. Although desired,
inability to include all the important information is one
of the known limitations of a retrospectively collected
data in a multicenter registry.

CONCLUSIONS

Percutaneous Melody or a Sapien valve deployment
to treat obstruction and/or regurgitation of the RA–RV
connection after a modified Bj€ork Fontan procedure is
a viable alternative to surgery that appears to be safe
and offers good early and intermediate-term results.
Further long-term follow-up of these patients will be
required to evaluate longevity of the Melody or the
Sapien valve in this position.
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