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The Dilemma of Pulmonary Valve Replacement In
Patients With Repaired Tetralogy of Fallot

Amir-Reza Hosseinpour! &), Matthias Kirsch? &/, Maria-Helena Perez® &,
Stefano Di Bernardo®

Abstract: Patients with repaired tetralogy of Fallot often have pulmonary valvar regurgitation with varia-
ble degrees of right ventricular dilatation, which may lead to dysfunction of both ventricles. Therefore,
some patients may need pulmonary valve replacement. This calls for adequate patient selection, and
there are ventricular volumetric guidelines to aid this. However, pulmonary valve replacement has caused
a dilemma because: 1- It often does not reverse right ventricular dilatation back to normal nor prevent
arrhythmias. 2- It is argued that right ventricular dilatation occurs early after repair of tetralogy of Fallot
but remains stable thereafter. 3- The patient’ prognosis is said to be affected mainly by the function of
the left ventricle rather than that of the right ventricle. 4- Prosthetic valves on the right side of the heart
are more prone to infection as compared to the left side since bacteria can reach them easily. All these
concerns are examined in this Opinion Article. Overall, this dilemma is justified but usually not sufficiently
elaborated and often gives the incorrect message that this procedure is of no benefit. The reality is, how-
ever, that pulmonary valvar regurgitation is a harmful condition and deserves to be remedied on hemo-
dynamic grounds. The dilemma arises because hemodynamic improvement after valve implantation may
be partial, and many think that this is not enough to justify an intervention, especially with the added risk
of endocarditis. However, if valve replacement is to be offered, this should be done in a timely fashion;
waiting too long is associated with a worse outcome.

Keywords: Pulmonary Valve Insufficiency, Pulmonary Valve Regurgitation, Pulmonary Valve Replacement,
Tetralogy of Fallot, Adults with Congenital Heart disease

1. Introduction

Patients with repaired tetralogy of Fallot (ToF) often have pulmonary valvar regurgi-
tation [1]. This causes variable degrees of right ventricular (RV) dilatation, which may
eventually lead to dysfunction of both the right and left ventricles (L'V) and symptoms
of heart failure. Therefore, some patients may need pulmonary valve replacement
(PVR). This may be done surgically or percutaneously, depending on anatomic char-
acteristics. Either way, PVR calls for adequate patient selection so that this treatment
is offered before their RV becomes so dilated and dysfunctional that full recovery is
unlikely. That point of no return is elusive, but current guidelines recommend PVR
when the indexed right ventricular end-diastolic volume (RVEDV) reaches 160 ml/m?,
although other factors are also considered, including an end-systolic volume of 80
ml/m? and the rate of ventricular dilatation, even though the rate that should cause
alarm is not known [2].

Actually, these volumetric criteria offer a rather limited view of the cardiac status
of these patients, ignoring that no two such patients are alike. In fact, these patients
vary considerably depending on whether they have had an initial shunt, infundibulot-
omy, transannular patch, patch repairs of branch pulmonary arteries and residual ste-
noses, the degree of residual pulmonary valvar regurgitation and/or stenosis, and their
age at the time of repair. Ideally, all these factors should be included in the decision
process for PVR. In practice, however, this would be too complicated, and the decision
process has been simplified to the above-mentioned volumetric criteria.

Nevertheless, it is important to remind ourselves, as it is often forgotten, that these
volumetric criteria have been proposed to help us decide when to offer PVR to patients
who are asymptomatic or only mildly symptomatic. Such a guide is useful because
symptoms of heart failure are not always present, which may give us a false sense of
security. Indeed, symptoms often arise quite late when the benefits of valve replace-
ment may be diminished due to excessive ventricular dilatation and dysfunction, i.c.,
waiting for symptoms is not a safe strategy. However, symptoms may arise early in
some patients, in which case these volumetric criteria become irrelevant and PVR
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must be offered; it would be clinically unsound to deny PVR to symptomatic patients simply because their RV is
not “sufficiently dilated” yet. Such a weak correlation between symptoms and RV dimensions may possibly reflect
the fact that many factors other than RV dimensions are ignored in the decision-making process as mentioned
above.

Independently of the factors used for the indication, however, PVR comes at a significant cost and is therefore
not a simple decision. This is a clinical dilemma that is worth examining.

2. The root of this dilemma

This dilemma has emerged because PVR in patients with repaired ToF did not produce the results that many
clinicians were expecting [3-10]. Indeed, expectations were high and, with the benefit of hindsight, unrealistic.
Many were expecting a cure, thinking that PVR would ‘normalize’ these hearts, which it does not; the consequent
disappointment undermined the enthusiasm for this treatment. This is a fundamental misunderstanding of what we
can achieve in patients with ToF. We cannot cure ToF at present; we can only palliate it [11]. This statement may
cause confusion because the term palliation in our specialty conventionally refers to the management of univentric-
ular hearts, which is not what is meant here; we employ this term literally in its generic sense, i.e., treatments that
we offer to ameliorate a condition that we cannot cure. This is the frame of mind in which we must assess our
treatment options at present, including PVR; otherwise, these will all be disappointing, i.e., we must appreciate
the lesser (palliative) benefits of our current treatment modalities.

This inability to cure is reflected in the following sobering findings in the long-term follow-up of patients
with repaired ToF:

1. Progressive RV dilatation/dysfunction with wide QRS complexes and a high incidence of ventricular

arrhythmias, even with a competent pulmonary valve, but more so with pulmonary valvar incompetence
[1, 10, 12].

2. Adults with repaired ToF constitute the largest subgroup of patients with congenital heart disease who
have received an implantable cardioverter-defibrillator [13, 14].

3. The LV also becomes dysfunctional, and this undermines prognosis [15-29].

4. Many of these patients die young. Indeed, 30-year mortality is 5% in the least complex cases, and 22%
in the most complex ones [30].

Despite these findings, however, we must not undervalue the treatments that are currently available for ToF,
which have enabled us to overcome the dismal natural history of this malformation. Clearly, patients now live
much better and longer because of our treatments than they would otherwise. These treatments follow the same
basic pattern seen in all areas of medicine—when cure is not possible, the next best objective is to reduce the
deleterious effects of the illness, which is one way to define palliation. Indeed, severe pulmonary valvar regurgi-
tation has significant deleterious effects in patients with repaired ToF [1, 12]; this should be rectified as a matter
of adequate palliation. Nevertheless, the dilemma continues with four arguments, three of which can be argued
against, but one that is difficult to deny.

3. The 3 arguments that can be argued against
One or more of the following three arguments are presented in various publications:

1. PVR does not achieve its intended objective, which is to reverse RV dilatation/dysfunction and prevent
arrhythmias.

2. RV dilatation occurs early after the repair of ToF but remains stable thereafter, implying that PVR may
not be needed.

3. The patient’s prognosis is affected mainly by the function of the LV rather than the RV, implying that we
need not worry so much about the RV.

These three statements should be examined more closely:
3.1. PVR does not achieve its intended objective

It is true that PVR often does not reverse RV dilatation/dysfunction or the widening of QRS complexes back to
normal, and the propensity to ventricular arrhythmias continues [3-10]. Nevertheless, there is some RV remodeling
with a decrease in volumes after PVR, even if not completely back to normal (although some do recover com-
pletely), i.e., the ventricle is suffering less, as shown in several studies [3, 5, 7, 31-39]. None of these studies could
identify a threshold of RV volume above which the volume did not decrease at all after PVR, although normaliza-
tion was unlikely with larger preoperative volumes. There is also a small but statistically significant decrease in
QRS duration [35].

Interestingly, one of these studies shows that these improvements are not maintained; the RV dilates again in
7-10 years [36]. Again, this is disappointing, but in the context of palliation, an improved condition for 7-10 years
is valuable.
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3.2. RV dilatation occurs early after the repair of ToF but then remains stable

This statement emerged from short-term studies of patients who were either asymptomatic (the majority) or only
mildly symptomatic, with only mild, or at the most moderate, RV dilatation [34, 40-43]. In other words, these
studies focused on patients that nobody would consider for PVR in the first place. Patients who were accepted for
PVR were excluded from all these studies, which are briefly summarized here.

Rutz et al. assessed patients who typically had RVEDVs of 110-120 ml/m? (i.e., only slightly dilated) and
volumetric comparisons were done over a period of only about 3 years, which was the period between their first
and last magnetic resonance imaging (MRI) [40]. Not surprisingly, these remained stable during this short study
period. In addition, the authors provide no information as to the time lapse between the operation (ToF repair) and
their first MRI.

Quail et al. assessed patients with an average RVEDYV of only about 130 ml/m? and compared those who were
offered PVR to those who were not [34]. The authors do not specify how much time had lapsed since ToF repair
in these patients, but state that this was similar between the two groups. Again, RV volumes remained stable in
those without PVR, but comparisons were done over a short period (<2 years). However, RV volumes were nor-
malized in most patients who were offered PVR.

Luijnenburg et al. also assessed patients with RVEDVs of about 130 ml/m?, but these were followed up for 5
years, although the authors do not specify how much time had lapsed since their corrective operation [41]. In these
patients, RV volumes did increase, as did QRS duration, although slowly. In other words, by prolonging the follow-
up period, volume instability becomes visible despite relatively low initial volumes.

A multicentric study between North America and Europe, led by Wald et al., assessed patients with RVEDVss
of 140-145 ml/m?, i.e., moderate dilatation without reaching the conventional threshold for surgical indication
[42]. These patients were assessed over only 2 years. Despite such a short period, RV volumes increased in 15%
of patients.

Finally, Hoelscher et al. conducted a study between Switzerland and Italy assessing patients with slightly
larger average RVEDVs of about 150 ml/m? over a 3-year period [43]. Even though ventricular volumes of these
patients were still below the level of surgical indication, and despite a relatively short study period, RV volumes
increased rapidly in 25% of patients.

Clearly, these data do not tell us what would happen if PVR is not offered to patients who do meet the current
criteria for this treatment, i.e., symptoms of heart failure and/or RVEDVs >160 ml/m?. However, they do show
that even among asymptomatic patients with smaller ventricles, RV volumes remain stable in the short term only
in some, and this is unpredictable and less likely with larger ventricles.

3.3. Patient’s prognosis is affected mainly by the function of the LV rather than the RV

This statement has emerged from several studies [15-29]. LV dysfunction in these patients is not surprising because
there is no doubt that RV dysfunction will secondarily also cause LV dysfunction, although this may also be caused
by chronic hypoxemia in patients who were operated on late, or due to inadequate myocardial protection in cases
of protracted surgical correction [20, 21]. However, it has also been shown that LV function may improve if RV
function is improved, which may be achieved with PVR [33-35, 37, 44].

4. The argument that is more difficult to deny

An ongoing concern is that prosthetic valves on the right side of the heart are more prone to infection compared
to those on the left side, as bacteria can reach them more easily [48, 49]. Left-sided prosthetic valves are relatively
protected because, in the absence of septal defects, bacteria would have to pass through the lungs to reach these
prostheses, and the lungs are quite effective bacterial filters, both mechanically and immunologically. Although
infective endocarditis is always a threat in many forms of congenital heart disease, the highest risk group appears
to be patients with prostheses in the pulmonary position. This is associated with significant morbidity and mortal-
ity. This is undoubtedly the strongest argument against the implantation of prosthetic valves in the pulmonary
position.

5. Discussion

The dilemma regarding PVR in patients with pulmonary valvar regurgitation following repair of ToF is justified
but usually insufficiently elaborated, often giving an incorrect message. Indeed, the message often insinuated is
that this procedure is of no benefit to the heart and may even make it worse. This is very misleading and makes no
pathophysiologic sense. The reality is that the heart is better off without pulmonary valvar regurgitation than with
it, as with any valve. This is not where the dilemma lies. The dilemma exists because PVR usually results in only
partial cardiac improvement or, in the worst cases, it may possibly only serve to prevent or slow down further
deterioration, and many think that this does not justify an intervention, especially with the added risk of endocar-
ditis. Certainly, endocarditis is a more significant risk to patients’ lives acutely than the chronic effects of pulmo-
nary valvar regurgitation, hence the reluctance to offer valve implantation. However, to further fuel the dilemma,
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if valve replacement is to be offered, this should be done in a timely fashion; waiting too long is associated with
worse outcomes [10, 31, 32, 39, 45-47].
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