Chapter 12
Redo Fallot: Surgery for Pulmonary Valve
Implantation
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Abstract Since tetralogy of Fallot was first successfully repaired in 1954, an
encouraging long-term survival has been reported. However, an increasing number
of adult survivors will present late after repair for re-intervention, and pulmonary
regurgitation has been the most common indication. The timing and indications for
pulmonary valve replacement continue to evolve but the trend has now moved
towards earlier intervention before irreversible changes in right ventricular function
occur. Late survivors are also at an increased risk of developing arrhythmias due to
right ventricular scarring related to corrective surgery and sudden death remains the
commonest cause of late death. The need to restore pulmonary valve competency to
preserve right ventricular function and reduce the arrhythmia burden have therefore
become the important indications for late intervention in this disease. In addition to
traditional surgical approaches, the role of percutaneous valve intervention is also
emerging. It is anticipated that this strategy will improve the long-term mortality
and morbidity and will be the focus of this chapter.
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Introduction

Since tetralogy of Fallot was first successfully repaired by Lillihei and Varco in 1954 at
the University of Minnesota [1], long-term survival of 85 % at 36 years has been reported
[2]. The need to relieve the right ventricular outflow tract obstruction (RVOTO) is often
accompanied by residual pulmonary regurgitation (PR). Surgical techniques to relieve
RVOTO by means of infundibular resection and patch enlargement of the outflow tract
and pulmonary annulus often render the pulmonary valve incompetent. Pulmonary
regurgitation is the commonest residual lesion following complete repair in infancy.

Although pulmonary regurgitation is well tolerated early after surgery, it results
in ventricular dilatation and, ultimately, right ventricular dysfunction in the long
term. Late survivors also have an increased risk of developing ventricular arrhyth-
mias as a result of scarring of the right ventricle related to corrective surgery.
Arrhythmias requiring intervention has been reported in more than 40 % of survi-
vors late after repair [3]. Sudden death remains the commonest cause of late death,
and is most likely arrhythmogenic in etiology. Therefore, the need to restore pulmo-
nary valve competence and reduce the arrhythmia burden have become the most
important indications for late interventions in this disease.

Diagnosis and Imaging

Transthoracic echocardiography (TTE) is the first line imaging to assess the degree
of pulmonary regurgitation, RV volume overloading, and any residual lesion such as
RV outflow tract stenosis, pulmonary artery stenoses and ventricular septal defect.
Echocardiography can also be used to assess tricuspid regurgitation, and thus esti-
mate right ventricular and pulmonary artery pressure. Competence of the aortic
valve, aortic root dilatation and ventricular function can also be assessed semi-
quantitatively. We routinely perform a bubble contrast study to look for shunting at
atrial or ventricular level using trans-esophageal echocardiography prior to cardio-
pulmonary bypass as this may alter our cannulation strategy.

Cardiac MRI (CMR) has emerged as the most important imaging for accurate
quantification of pulmonary regurgitation, right ventricular volume and function.
Branch PA anatomy can also be shown clearly and differential flow to each lung can
be calculated to assess the functional effect of any branch stenosis visualized.
Currently, CMR is performed routinely for each of our patients referred for pulmo-
nary valve replacement. Gadolinium enhancement can demonstrate myocardial
fibrosis, and provide useful information on the extent of myocardial scarring. There
is some evidence to suggest that this information can be used as risk stratification
for tachydysrhythmia and sudden cardiac death. Besides precise volumetric and
hemodynamic evaluation, the proximity of cardiac structures/conduit to the sternum
can also be assessed and is relevant to the planning of sternal reentry. MRI is not
universally applicable of course in the context of patients with a pacemaker.

Cardiac catheterization may not be required unless percutaneous intervention is
planned such as a percutaneous pulmonary valve implantation or stenting of the branch
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pulmonary arteries. Angiography may also be considered to exclude coronary artery
disease in older patients. In the latest guideline for ACHD (ESC 2010), pre-operative
coronary angiography is recommended for men older than 40 years, post-menopausal
women, and in patients with risk factors or sign of ischemic heart disease [4].
CT-angiography of the coronary anatomy is efficient in excluding significant CAD
with high negative predictive value and can be used as a reliable alternative to coronary
angiography in non-high risk patients without risk factors or symptoms of CAD [5, 6].
However, CT can overestimate the degree of any atherosclerotic obstruction, and
before any decision making regarding revascularisation, coronary angiography is
advised and fractional flow reserve quantification may be required in this setting [6].

Other useful investigations, which are sometimes performed in our practice
include Holter monitoring, electrophysiology laboratory study and cardiopulmo-
nary exercise testing. A formal cardiopulmonary exercise test provides objective
exercise capacity (time, maximum oxygen uptake, peak oxygen consumption - peak
VO,) and can provide useful prognostic information, particularly regarding the tim-
ing of intervention [7]. Formal and serial exercise testing may also be useful to
assess symptomatology particularly in the context of sedentary patients, which
make up a large proportion of this group of patients.

Pre-operative Checklist

» Patency of peripheral vessels e.g., femoral vessels for peripheral cannulation if
required

* The proximity of RV or any valved conduit behind the sternum to predict risk of
cardiac injury on sternal re-entry.

* Electrophysiologic study may be needed if there is any history of arrhythmia.

 Intracardiac shunt: PFO/ASD, VSD to plan cannulation strategy and the need to
arrest the heart.

e The anatomical relation between the aorta and pulmonary artery. A main pulmo-
nary artery, which is rotated more posteriorly will require more extensive dissec-
tion to mobilize the heart.

e Aberrant coronary artery crossing the RV outflow tract

* Branch PA stenosis needing concomitant patch enlargement or stent insertion

» Tricuspid valve regurgitation — severity of regurgitation, degree of annular dilata-
tion, any leaflet prolapse

Indications and Timing for Pulmonary Valve Replacement
(Table 12.1)

The indications for replacing the pulmonary valve continue to evolve and the ten-
dency has moved towards earlier intervention before irreversible myocardial dam-
age has occurred. Pulmonary regurgitation (PR) remains the most common
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Table 12.1 Indications for pulmonary valve implantation

PVR is indicated in the presence of criteria from I+II OR I+111
(I) Severe pulmonary regurgitation and/or stenosis

PR grading based on CMR: mild (regurgitation fraction, RF<20 %), moderate (RF 20—40 %),
and severe (RF>40 %); Echo: broad regurgitant jet and diastolic retrograde flow seen at branch
PA in the parasternal short axis RVOT view indicates severe PR

PS: severe stenosis as indicated by RV systolic pressure >60 mmHg, TR velocity >3.5 m/s
(II) Symptom(s): Dyspnea, reduced exercise capacity, heart failure, or arrhythmia
(III) In the absence of symptom:

Decrease in objective exercise capacity, VO, max <70 % of gender-age predicted or a decline
>20 % on serial testing

Sustained atrial/ventricular arrhythmias

ECG CRITERIA: QRS duration 180 ms, QRS prolongation >3.5 ms/year

MRI CRITERIA: RVEF <40 %, RVESV >80 mL/m?, RVEDV >150 mL/m? (Z-score >4),
Progressive RV dysfunction or dilation on serial imaging
RVOT aneurysm

Tricuspid regurgitation: at least moderate or progressive TR

Residual RVOTO: RVSP>2/3 systemic, RV systolic pressure >80 mmHg (TR velocity
>4.3 m/s), branch PA stenosis

Coexisting cardiac lesions requiring surgery: Significant residual shunt (Qp:Qs>1.5:1) or
with LV volume overloading, severe aortic regurgitation (with symptoms or LV dysfunction)
and/or aortic root dilatation

indication for pulmonary valve replacement (PVR) but it may also be indicated
for residual RVOTO or mixed disease. Magnetic resonance imaging (MRI) has
enabled precise quantification of RV volumes and reports have suggested that
once the indexed right ventricular end-diastolic volume (RVEDV) exceeds 170 ml/
m? or the end-systolic volume (RVESV) is greater than 85 ml/m? remodeling of
the ventricle is unlikely even when the pulmonary valve competency is restored
[8]. Therefore, PVR should be undertaken before these thresholds were reached to
increase the likelihood that the RV volume will normalize after PV replacement
and indexed RVEDV of 150 ml/m? has been recommended as a practical cut-off
for intervention [8-10].

The reason why some patients appear more symptomatic with lesser degree of
PR, and some with severe PR remain asymptomatic is not well understood. This
paradox continues to confound decision-making but attempts to objectify exercise
tolerance with cardiopulmonary exercise testing maybe helpful looking longitudi-
nally in individual patients. The presence of severe PR alone does not necessarily
indicate the need for pulmonary valve replacement, and, notwithstanding the poten-
tial subjectivity of symptoms mentioned above, the presence of symptoms or other
clinical and imaging criteria need to be taken into account in decision making. Both
the American (AHA 2008) and European (ESC 2010) guidelines for grown-up con-
genital heart patients advocated pulmonary valve implantation only in severe PR in
symptomatic patients (Class 1 recommendation) [11, 12]. In the absence of symp-
toms, AHA and ESC recommend surgery when there is evidence of moderate to
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severe progressive RV dilatation, RV dysfunction or sustained arrhythmia (Class
IIa). The presence of less than severe PR is not addressed by current guidelines and
the indications for valve replacement requires individualized decision-making.

Surgical Techniques for Pulmonary Valve Replacement

Pulmonary valve replacement is performed under cardiopulmonary bypass. In the
absence of an intracardiac shunt, it can be accomplished on a beating heart using a
single right atrial cannulation with a two-stage venous cannula. Otherwise, bicaval
cannulation and cardioplegic arrest are required to close any intracardiac shunt. The
residual VSD or ASD/PFO is closed first following cardioplegic arrest and the sub-
sequent pulmonary valve replacement can be performed on a beating heart.

Following redo sternotomy, dissection is undertaken first to expose the cannu-
lation sites, and to free the areas around the aorta, pulmonary artery, right atrium
and the anterior right ventricle. If bicaval cannulation is planned, then the area
around the IVC will also need to be exposed. The temperature of the patient on
cardiopulmonary bypass should not be lower than 32 °C (Figs. 12.1, 12.2, 12.3,
12.4 and 12.5).

Sizing and Choice of Prostheses for PVR

The options for pulmonary valve replacement include mechanical, bioprosthetic or
homograft (aortic or pulmonary). The ideal valve choice does not exist. In adoles-
cents and adult patients, we prefer the use of a bioprosthetic valve over homografts
due to their easy availability, preparation, and durability in the adult population.
Additionally, the use of a bioprosthesis has the potential to limit further redo surgery
by allowing transcatheter valve implantation (Medtronic Melody™ or Edwards
SAPIEN™ Pulmonic Transcatheter Heart Valve) when this becomes necessary in
the future. The use of a transannular patch to enlarge the pulmonary valve annulus
allows a larger prosthesis to be implanted. Typically, in adult patients, the largest
available aortic bioprosthesis is chosen, but consideration is also given to the valve
size, which will allow the largest transcatheter valve to be implanted if required in
the future (Fig. 12.6 and Table 12.2).

Studies suggest better durability of a bioprosthetic valve over a homograft
when a larger size (>19 mm) can be implanted [13]. Although a bioprosthetic
valve has a shorter durability compared to mechanical valve, it allows future
transcatheter valve-in-valve implantation [14, 15]. Bioprostheses have an excel-
lent 5-year durability with over 94 % freedom from valve replacement. This
decreases to 36-51 % at 10-year follow-up [14, 16]. In a contemporary analysis,
younger age appears to be the primary determinant of the durability of biopros-
thetic valves in the pulmonary position [16]. In this study, all the structural valve
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Fig. 12.1 An incision is made into the previous transannular patch, or in the absence of one, a
transannular incision is created. The size of the incision should be adequate and starts at or just
below the bifurcation of the main pulmonary artery. This technique augments the annulus and the
right ventricular outflow tract to facilitate the implantation of a larger prosthesis

failure was observed in patients younger than 15 years, and re-intervention was
only required in one patient older than 15 years due to endocarditis. There is no
apparent advantage of using a pericardial valve over porcine valve, and both
seem to be comparable [16]. Mechanical prostheses are more durable but large
studies and long-term follow-up of their use in the pulmonary position is lacking.
Besides anticoagulant related bleeding, thrombogenic complications have been
the major concern associated with mechanical prostheses. In contemporary stud-
ies, valve thrombosis was not reported with adequate anticoagulation, but severe
right ventricular dysfunction has been linked to a higher thrombogenic risk [15,
17]. Mechanical prostheses are also not immune from dysfunction, which can be
due to thrombosis, fibrosis, or pannus formation and mandatory replacement
with redo surgery is required. A percutaneous option is not possible in this con-
text. Nevertheless, use of a mechanical valve may be justified in patients who are
already on anticoagulation for other reasons such as a coexisting mechanical
heart valve, compliant to anticoagulation medications, and those who have previ-
ously demonstrated accelerated degeneration of a bioprosthesis [15-18]. A gen-
eration of mechanical valves that are less thrombogenic and require lower levels
of anti-coagulation, and the use of newer generation anticoagulants such as dabi-
gatran may encourage the wider use of mechanical valves in the pulmonary
position.
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Fig. 12.2 PV leaflets are not routinely excised and can be used as tissues to anchor valve sutures
during implantation. The prosthesis is first sutured on the posterior annulus starting with 4/0
Prolene™ using a continuous suture. We prefer to start closer to Y and suture towards X before
parachuting the prosthesis down after several stitches. Deep bites on the posterior annulus are
avoided to prevent any inadvertent injury to the left common coronary trunk which courses behind
the main pulmonary artery. (a) Suturing valve in place (b) Relationship of pulmonary valve to left
main coronary artery
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Fig. 12.3 A bovine pericardial patch (Peri-Guard®, Synovis, Deerfield, IL, USA) is measured to
fit the size of the augmented RVOT. The patch is first sutured at the apex adjacent to the pulmonary
artery bifurcation using double-armed 4/0 Prolene™ and brought on each side towards the prosthe-
sis. At points X and Y, the needle is brought out from the edge of ventriculotomy and tied to the
previous stitch. (a) Running 4/0 ProleneTM sutures anchoring the valve in place brought to outside
the opened pulmonary artery (b) Pericardial patch being sewn in place

Surgical Ablation for Ventricular Tachycardia during Redo
Surgery for Tetralogy of Fallot

In a multi-institutional study of 556 patients, 43 % of those older than 18 years
of age had a documented sustained arrhythmia during adulthood and/or an
arrhythmia needing intervention late after repair [3]. This may occur as a supra-
ventricular and/or ventricular tachyarrhythmia with a prevalence of 20.1 % and
14.6 % respectively [3]. In several other studies, the incidence of late sustained
ventricular tachycardia (VT) is 3—14 % and the risk of sudden death is 3-6 %
amongst survivors at 25-30 years after corrective surgery [2, 19-21]. Due to a
significant incidence of tachyarrhythmia among late survivors, cryoablation of
the RVOT pathway is sometimes required concomitantly with the pulmonary
valve replacement. The presence of ventricular fibrosis was shown to be the
major predisposing factor for inducible monomorphic ventricular tachycardia in
non-ischemic cardiomyopathy patients [22]. Based on intra-operative mapping
studies, the mechanism for inducible VT in post repair patients is most com-
monly secondary to monomorphic and macro-reentrant circuits around the ven-
triculotomy scars or surgical patches [23].
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Fig. 12.4 The prosthesis is adjusted so that it is seated in a desirable position before it is fixed
anteriorly. One of the needles at junction X/Y will be used to suture the prosthesis anteriorly and
the other needle to suture the pericardial patch to the infundibulum. The needle is passed from
outside to inside through the pericardial patch and the prosthesis. Once the prosthesis is secured
anteriorly, the bottom half of the pericardial patch is sutured to the edge of the ventriculotomy.
Before the patch is fixed on its lower half, the prosthetic valve leaflets are checked to ensure that
they are not caught by any suture

Supraventricular arrhythmias can occur in the form of intra-atrial reentrant
tachycardia or atrial fibrillation [3]. Typical atrial flutter is the most common form
of intra-atrial reentrant tachycardia and usually originates from the isthmus between
the tricuspid valve and inferior vena cava [24]. The occurrence of sustained ven-
tricular tachyarrhythmia is the most concerning and carries the highest risk of sud-
den cardiac death, a leading cause of mortality among late survivors after repair of
tetralogy of Fallot. In the most recent multi-centers study (N=873), RV hypertro-
phy, ventricular dysfunction and atrial tacharrhythmia are predictive of sustained
ventricular tachycardia and sudden death in adults with repaired Fallot [25]. These
high-risk patients should not be managed with anti-dysrhythmia agents alone. More
definitive therapy in the form of catheter or surgical ablation and an implantable
cardiac defibrillator is warranted [4, 12].
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Fig. 12.5 When the
pericardial patch is sutured
down, a closer bite is taken
on the pulmonary artery
and ventriculotomy edges
as opposed to a larger bite
on the patch itself. This
technique allows the
pericardial patch to billow
when the heart is full and
ejecting

Outer diameter Inner diameter

Fig. 12.6 The inner diameter of an aortic bioprosthesis should accommodate the outer diameter
of a Melody™ valve. A size 27 mm Sorin Aortic Mitroflow™ (right) (outer diameter of 27.3 mm,
inner diameter 22.9 mm) will facilitate the largest available Melody™ valve (leff) (a Melody™
valve deployed with a 22 mm balloon diameter has an outer diameter of approximately 22-24 mm



12 Redo Fallot: Surgery for Pulmonary Valve Implantation 213

Table 12.2 The dimensions of the Melody™ valve system and available aortic bioprostheses (the
sizes which accommodate the largest Melody™ valve 22 mm are highlighted)

Melody® transcatheter Valve size Outer ballon pressure-
pulmonary valve, - outer diameter
Medtronic Inc A 18 mm (smallest) | 1 atm - 17.93 mm
{" 4 atm — 20.06 mm
= 20 mm 1 atm — 19.65 mm
X 4 atm - 22.42 mm

22 mm (largest) 1 atm — 21.80 mm
2 atm —22.79 mm
3 atm — 24.06 mm

Carpentier-Edwards Valve size Inner diameter
PERIMOUNT aortic heart 19 mm (smallest) 18 mm
value 21 mm 20 mm

23 mm 22 mm

25 mm 24 mm

27 mm 26 mm

29 mm (largest) 28 mm
Sorin aortic mitroflow Valve size Inner diameter
19 mm (smallest) 15.4 mm

21 mm 17.3 mm

23 mm 19.0 mm

25 mm 21.0 mm

27 mm (largest) 22.9 mm
Medtronic Hancock II Valve size Inner diameter
aortic bioprosthesis 21 mm (smallest) | 18.5 mm

23 mm 20.5 mm

25 mm 22.5 mm

27 mm 24.0 mm

29 mm (largest) 26.0 mm

Indications for Electrophysiologic (EP) Study and Ablation

The American and European Guidelines (AHA 2008, ESC 2010) recommend elec-
trophysiologic study and/or ablation for symptomatic patients with suspected or
documented clinical arrhythmia (atrial or ventricular) [4]. Unexplained syncope is
alarming and symptoms such as palpitations and dizziness should raise suspicion
for serious arrhythmias and prompt assessment including cardiac catheterization
and electrophysiology studies. A catheter ablation of the ventricular tachycardia
circuit may be performed if stable monomorphic ventricular tachycardia can be
induced and sustained sufficiently to permit mapping in the electrophysiology labo-
ratory [12]. If unsuccessful, surgical ablation with or without intraoperative map-
ping can be performed as part of the pulmonary valve replacement surgery [12]. A
concomitant Cox-Maze procedure during surgery should also be considered in the
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presence of atrial flutter or fibrillation. A more aggressive approach to perform elec-
trophysiologic studies in all patients undergoing surgical pulmonary valve replace-
ment is adopted in some centers, but whether this aggressive protocol will influence
late outcome remains to be seen.

Surgical Techniques for Cryoablation of RVOT pathway

Cryoablation of RVOT pathways to ablate macro re-entrant circuits is usually
undertaken with pulmonary valve replacement under cardiopulmonary bypass.
The cryo-ablation is performed after the RVOT is opened and prior to implanting
a prosthetic valve. Several ventricular isthmuses have been identified as critical in
the pathogenesis of re-entrant monomorphic VT and ablation lines are performed
in these critical regions (Fig. 12.7) [22, 26, 27]. A cryoablation probe is applied at
each ablation line for 60 s, with caution to avoid collateral damage to adjacent
structures. The cryothermy (Cardioblate® CryoFlex™ Argon-powered Surgical
Ablation System, Medtronic, Inc) consists of a metal probe, which can be rapidly
cooled using Argos gas to reach —150 °C. The metal probe is flexible with an
adjustable insulation sheath, which is malleable and conforms to the endocardial

Fig. 12.7 Ablation lines in ventricular isthmuses which serve as critical substrate for VT: (i) from
the posterior pulmonary annulus to the VSD patch (ii) from both edges of the ventriculotomy to
the VSD patch (iii) from the edges of ventriculotomy on each side towards tricuspid annulus
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surface to achieve good contact. The ideal application time is unknown, but in our
experience we have observed complete heart block with a longer contact time,
hence each ablation is reserved to 60 s. After completion of each ablation line,
warm saline is used to rinse the probe, which allows easy removal from the endo-
cardial surface.

Tetralogy of Fallot with Pulmonary Atresia

At the severe end of the spectrum of tetralogy of Fallot the pulmonary valve is com-
pletely atretic in approximately 20 % of patients [28]. This group represents a com-
plex spectrum of malformation in itself and the use of a conduit to restore right
ventricle to pulmonary artery continuity when confluent pulmonary arteries are
present or to grow the pulmonary arteries is an important part of the surgical
management.

An ideal conduit does not exist and patients require repeated intervention
throughout life. The homograft conduits are used in countries where they are
readily available [29, 30]. The early experience of using aortic homograft in pul-
monary position was off set by rapid calcification especially in the very young
patients and also lack of reliable preservation technique [30]. However, the dura-
bility of homograft has improved with cryopreservation technology and introduc-
tion of pulmonary homograft. A pulmonary homograft is thinner with less
transvalvular gradient, is easier to work with, begets less calcification, and clini-
cal studies suggest that it is more durable than an aortic homograft [30, 31]. More
recently, decellularized homografts have been introduced to reduce immunoge-
nicity and potentially attenuate the host—graft response and may improve homo-
graft longevity [32].

Homograft conduits are not universally available and in some countries homo-
graft availability is scarce thus alternatives are required. Xenograft and synthetic
material have been used with satisfactory results in clinical series, either
implanted as an extracardiac conduit or in an orthotopic position such as in the
Ross procedure [33]. These various alternatives include stented (e.g., Hancock,
Carpentier Edwards), or stentless xenografts (e.g., Medtronic Freestyle, RVOT
élan, Contegra valved bovine jugular vein) [33]. Non-valved conduits have also
been used but are associated with the deleterious long-term effects of free pul-
monary regurgitation.

Each conduit has a finite life span. Whilst there is no single conduit that has been
shown to be consistently superior compared to the others, younger age (under 1-year
old), smaller conduit size, lower weight, and extra-anatomical conduit implantation
had emerged as important risk factors across studies [34-36]. A truly ideal conduit
that grows and does not degenerate will not exist in the foreseeable future. Currently,
an acceptable conduit to restore RV to PA continuity should be one that will provide
durable competent valve function without obstruction, be resistant to calcification,
easy to handle, and is hemostatic when implanted.
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Redo Surgery in Patients with Right Ventricle to Pulmonary
Artery Conduit

RV to PA conduit may need replacement, either because it became stenotic, incom-
petent, or both. The criteria for PV replacement as outlined above can be used to
decide timing of intervention. Redo surgery is not always necessary, as the availabil-
ity of percutaneous transcatheter pulmonary valve has reduced the need of rester-
notomy to replace an old conduit in the current era. When the percutaneous option is
deemed not suitable (common reason for this is the conduit size is too big for the
largest available Melody™ valve), a redo surgery will then become necessary.

In the presence of an old, calcified conduit, sternal re-entry needs to be approached
with an extreme caution due to high risk of the conduit being adherent to the back
of sternum. We routinely placed a Goretex patch overlying the conduit in the first
surgery to reduce risk of complication during resternotomy. Pre-operative imaging
provides information of the risk of conduit injury and pre-emptive measures may be
required, including preparation of femoral or iliac vessel to go on bypass immedi-
ately in any event of conduit injury or alternatively, peripheral cardiopulmonary
bypass can be instituted prior to sternal re-entry.

The old conduit does not necessarily need to be explanted and replaced with a new
one. Instead, the surgeon can simply lay open the previous conduit and implant a stented
bioprosthetic valve in-situ with or without an overlying patch to fit in an appropriate size
valve (Fig. 12.8). In our experience, this is achievable even in young children and this

Fig. 12.8 The old conduit is opened anteriorly and the prosthesis is sutured in-situ. This can be
achieved providing that the old conduit was not too calcified for implantation of the prosthesis. A
patch can be used to accommodate larger prosthesis is needed
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strategy will also allow replacement with a percutaneous valve in the future. Occasionally,
the whole conduit may need to be explanted and replaced in the setting of endocarditis,
when it is excessively aneurysmal or when it is too calcified to implant a prosthesis or
achieve a hemostatic suture closure. When conduit replacement is required, it’s impor-
tant to ensure that the stent of the valve does not impinge on the left coronary artery
posteriorly (“S” in Fig. 12.9). The conduit is trimmed as such that the valve within the
conduit sits close to the central PA bifurcation (Fig. 12.9). The surgery can be usually
completed on a beating heart when there is no intra-cardiac shunt present.

The Role of Percutaneous Pulmonary Valve Replacement

Since the first report of percutaneous pulmonary valve replacement in 2000,
Melody™ valve, Medtronic Inc (previously by VenPro Corp) has been used widely
as an alternative to surgical replacement of RV-PA conduit [37]. The available

Fig. 12.9 RV to PA conduit implantation: the conduit is trimmed so that the valve sits close to the
bifurcation. The LCA can be potentially compressed by stent (S) of the valve and sometimes,
removal of the stent may be required to allow a stentless implantation
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technology has been augmented with comparable results by the more recent use of
the Edwards SAPIEN™ valve [38]. Transcatheter valve implantation has been
shown to improve hemodynamics by reducing obstruction and abolishing regurgita-
tion resulting in mechanical and electrical ‘remodeling’ of the right ventricle [39—
42]. The topic of transcatheter pulmonary valve replacement is comprehensively
covered in another chapter of this book. We would like to briefly state its role in the
context of surgical pulmonary valve replacement in our practice.

It is acknowledged that any type of valve replacement in any position will have
finite longevity before failure with stenosis or regurgitation or both intervene. The
longevity and hemodynamic efficiency of a valve in the pulmonary position may be
constrained by the younger age of the patient, the effects of somatic growth, the
existing ventricular substrate, the relationship of the great arteries, the branch pulmo-
nary artery anatomy, proximity of the implant to the posterior aspect of the sternum
and the more imponderable chronic effects of inflammation and its accompanying
results of neo-intima and calcification. The inevitability of repeated surgery in this
group of patients and the prospect of procrastinating reoperation using a technique,
which in practical terms did not make subsequent surgery more hazardous supported
the inception of catheter based technology. This has been incorporated into the clini-
cal problem of conduit dysfunction of predominant stenosis, predominant regurgita-
tion or, more commonly, combined stenosis and regurgitation.

At our institution, we support an active transcatheter pulmonary valve replace-
ment service and see our roles as complementary. We have therefore tailored our
approach such that when our surgically implanted valve fails as a consequence of the
factors above, we have effectively left a legacy of a ‘landing site’ for the implantation
of a transcatheter valve. A Sorin Aortic Mitroflow™ in the pulmonary position has
an outer diameter of 27 mm and inner diameter of 22.9 facilitates the interventional
deployment of the Melody™ using the largest (22 mm inner diameter) delivery sys-
tem (Ensemble Medtronic) ensuring maximal gradient reduction when present and
greatest available competent valve area (Fig. 12.6, Table 12.2). Arguably, with the
recently available Edwards SAPIEN™ valve for transcatheter deployment in the pul-
monary position one could justify, where substrate permits, to use even larger bio-
prostheses, as the SAPIEN™ valve is available in 23 and 26 mm diameters.

Surgical Outcomes after Pulmonary Valve Replacement
with or without Ablation Surgery

Despite the perceived benefits of PVR, current evidence has not shown a survival
benefit. Nonetheless, a meta-analysis of 3118 patients demonstrated: (1) Remodeling
of the RV with improvement in volume and function; (2) Improvement in left ven-
tricular function; (3) Decreased QRS duration and (4) Improvement in functional
status. Surgery can be performed with low mortality and the pooled 30-day mortal-
ity from this meta-analysis was 0.87 % (47 studies; 27 of 3100 patients). At mid-
term follow-up, the pooled 5-year mortality was 2.2 % (24 studies; 49 of 2231
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patients) and the pooled 5-year re-intervention rate was 4.9 % (15 studies; 88 of
1798 patients) [43].

Unlike studies in atrial fibrillation following the Cox-Maze procedure, available
outcome data following ablation for VT are from small series, largely non-surgical,
with mixed cohorts of structural and non-structural heart disease [44, 45]. Early
results following ablation are satisfactory but long-term success may be seen in only
60 % of patients [45]. Ablation therapy should not be considered as sole therapy to
prevent sudden cardiac death in high-risk patients and an implantable defibrillator
(ICD) should be considered [46]. Those patients with documented sustained VT or
cardiac arrest are at high risk and should receive an ICD regardless of the early suc-
cess of ablation therapy as the late outcome of ablation is too uncertain [12]. In
others, a repeat EP assessment and implantation of an ICD only in the presence of
inducible VT seems to be a reasonable approach.

Tricuspid Regurgitation in Late Survivors

Tricuspid regurgitation can be seen in late survivors who present for pulmonary
valve replacement. Moderate to severe regurgitation has been reported in one-fifth
to one-third of survivors of Fallot surgery [47, 48]. Despite these observations, in
our experience, the need of concomitant tricuspid valve surgery has been very rare.
Tricuspid regurgitation is usually secondary to annular dilatation consequent on
right ventricular enlargement from severe pulmonary regurgitation, and pulmonary
valve replacement alone is usually all that is required to reverse this process. Studies
have suggested that RV remodeling occurs with PV replacement, and improvement
in TR is usually observed as a consequence of this [49]. Much less commonly, TR
can occur as a result of injury to the valve and supporting apparatus during the ini-
tial reparative surgery. Tricuspid leaflet injury can occur during a trans-atrial
approach to close the VSD and to relieve RV outflow tract obstruction. Injury of the
chordae tendinae can also occur during the resection of obstructive muscle bundles,
leading to TR.

We reserve surgery for TR only when it is severe and we will strive to avoid
prosthetic valve replacement in this position. Our philosophy is to reduce the sever-
ity of TR and to allow any lesser degree of residual TR to improve with RV remod-
eling, which we believe is always better than achieving perfect tricuspid competency
with a prosthetic valve replacement. A repair is tailored according to the underlying
mechanism of the TR. An annuloplasty ring (e.g., Edwards MC3) sparing the AV
node region is usually adequate to address annular dilatation. When compared with
the De Vega technique without a ring, the placement of an annuloplasty ring has
been associated with better long-term survival and freedom from recurrent TR [50].
Less frequently, leaflet repair, or neo-chordae may be needed when tricuspid valve
leaflets or subvalvar apparatus have been injured.

Acknowledgement Dr. N Wilson MD illustrated the figures in this chapter.
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