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Prolapse of the antero-superior leaflet of the tricuspid valve
secondary to congenital anomalies of the valvar and sub-valvar
apparatus: a rare cause of severe tricuspid regurgitation

Dominic J. R. Abrams,! Philip Kilner,? Janice A. Till,! Darryl F. Shore,’> Babulal Sethia,’
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Abstract Congenital anomalies of the tricuspid valve, and/or its supporting apparatus, leading to severe tri-
cuspid regurgitation are rare. Although well tolerated in early childhood, long-standing and progressive volume
loading of the right heart leads to symptoms of decreased exercise tolerance, and may predispose to arrhythmias
in the long term. We report three cases of severe tricuspid regurgitation related to anomalies of the cords sup-
porting the antero-superior leaflet of the tricuspid valve. Shortened cords leading to tethering of the leaflet were
seen in two cases, and hypoplasia of the leaflet in the other. In all cases, the regurgitant jet was directed posteri-
orly towards the coronary sinus and atrial septum. Surgical repair was possible in one case, while it proved nec-
essary to replace the valve in a second. The third child is asymptomatic and under regular review.
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TRICUSPID VALVAR REGURGITATION SECONDARY
to congenital anomalies is rare in childhood
in the absence of Ebstein’s malformation.
It may be due to abnormal development of the
cords, papillary muscles, or the valvar leaflets.’ Long-
standing regurgitation leads to dilatation of the right
atrium, predisposing to reduced exercise capacity and
arrhythmias. Right atrial enlargement with second-
ary annular dilatation increases the regurgitant frac-
tion, leading to progression of the disease. The nature
of the anomalies of the leaflets or the sub-valvar ten-
sion apparatus may dictate the direction of the regur-
gitant jet, leading to specific anatomical changes.
Here we describe three children with anomalies of the
cords supporting the antero-superior leaflet of the
tricuspid valve, permitting the leaflet to prolapse into
the right atrium during ventricular systole. Additional
lesions included hypoplasia of the antero-superior
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leaflet, and shortened cords to both the septal leaflet
and the zone of apposition between the septal and
antero-superior leaflets. In all cases, the constellation
of lesions created a posteriorly directed jet of tricuspid
regurgitation, producing structural distortion of right
atrial anatomy in two cases.

Case 1

A 11-year-old girl presented with a 2-year history of
increasing dyspnoea, recurrent palpitations, and pre-
syncope. On examination, her jugular venous pressure
was raised, and a pansystolic murmur was audible at
the left lower sternal edge. Her electrocardiogram
showed right atrial enlargement, right axis devia-
tion, first-degree heart block, with the PR interval
measured at 174 milliseconds, and partial right bun-
dle branch block, the duration of the QRS complex
being 114 milliseconds. Chest radiography showed
gross right atrial enlargement and subsequent
cardiomegaly.

Cardiac imaging was performed using trans-
oesophageal echocardiography (Fig. 1) and cardiac
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Figure 1.

Cross-sectional (a) and colour flow Doppler (b) transoesophageal echocardiographic images seen in the transverse plane during ventricular sys-
tole. The right atrium (RA) and right ventricle (RV) can be seen separated by the antero-superior leaflet (ASL) and septal leaflet (SL) of the
tricuspid valve. Marked prolapse of the ASL can be seen leading to a broad, posteriorly divected regurgitant jet depicted (b).

Figure 2.

Cardiac magnetic resonance images seen in the mid-transverse plane from Case 1 (a) and Case 2 (b). In (a) prolapse of the antero-superior
leaflet (ASL) gives vise to a broad posteriorly dirvected regurgitant jet (white arrow) entering a large anenrysm (An) extending beneath the infe-
rior surface of the heart. In (b) prolapse of the ASL produces a Y-shaped regurgitant jet (white arrow) entering the right atrium and coronary

sinus (CS). SL: septal leafler.

magnetic resonance (Fig. 2). The right atrium was
markedly dilated, with the tricuspid valvar annulus
measuring 48 millimetres. The cords of the septal
leaflet were foreshortened, tethering the leaflet during
ventricular systole, while the cords of the antero-
superior leaflet appeared to be absent, allowing the
leaflet to prolapse into the atrium. The net effect was
failure of coaptation, allowing a jet of tricuspid
regurgitation 17 millimetres wide to pass posteriorly
towards the orifice of the coronary sinus and the atrial
septum. The proximal coronary sinus was dilated to
16 millimetres, and appeared to give rise to a large
diverticulum extending towards the left lower pul-
monary vein.

Invasive electrophysiological testing demonstrated
normal sinus and atrioventricular nodal function.
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Anterograde and retrograde atrioventricular nodal
conduction was decremental, with no accessory path-
way or dual atrioventricular nodal physiology evident.
Tachycardia could not be initiated with programmed
atrial stimulation in the presence of isoprenaline.
At cardiac catheterisation, the mean right atrial
pressure was 7 millimetres of mercury, and the right
ventricular end-diastolic pressure was 6 millimetres
of mercury. Injection of contrast showed that drainage
from the left lower pulmonary vein was hindered by
compression by the right atrial diverticulum.

At surgery, the right atrium was grossly enlarged,
with a large diverticulum extending beneath the infe-
rior surface of the heart, originating close to the mouth
of the coronary sinus. On inspection of the valve, there
was annular dilatation, but no evidence of dysplasia
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Figure 3.
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Apical (a) and short-axis (b) transthoracic echocardiographic images from Case 2 seen during ventricular systole. There is a broad Y-shaped,
posteriorly directed jet of regurgitation into the right atrium (RA) and coronary sinus (CS).

of the leaflets. The attachments of the septal leaflet
appeared normal, although there was clearly deficient
cordal attachment of the antero-superior leaflet. The
cord close to the zone of apposition between the antero-
superior and septal leaflets was short, and attached
directly to the septum without a papillary muscle. A
cord supporting the leaflet close to the zone of apposi-
tion with the inferior leaflet was clearly elongated,
and the mid-section of the antero-superior leaflet was
unsupported. A De Vega annuloplasty was performed,
with shortening of the elongated cord to the antero-
superior leaflet and plication of the unsupported mid-
section of the leaflet. The right atrial diverticulum,
and a section of the right atrial free wall, was excised.
Residual tricuspid regurgitation on intra-operative
transoesophageal echo was mild. The patient
remains well 2 years later, with complete resolution
of symptoms.

Case 2

An asymptomatic 8-year-old girl was referred for car-
diac evaluation having been previously seen at another
centre. She had suffered from persistent pulmonary
hypertension as a neonate, requiring a period of car-
diorespiratory support. Echocardiography at the time
had demonstrated marked tricuspid regurgitation,
which had largely resolved concomitant with resolu-
tion of her pulmonary hypertension. Subsequent to
this, she was lost to follow-up for several years,
representing following the detection of a murmur.
On examination she was normally saturated, with
a right ventricular heave and a pansystolic murmur at
the left lower sternal edge. Her electrocardiogram
demonstrated a PR interval of 166 milliseconds, right
atrial enlargement, and partial right bundle branch
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block. Cardiac magnetic resonance and cross-sectional
echocardiography showed the right atrium and ven-
tricle to be structurally normal but enlarged, with the
tricuspid annulus measuring 44 millimetres. While
the septal leaflet and its cords appeared normal, there
was marked prolapse of the antero-superior leaflet,
leading to complete failure of coaptation. A Y-shaped
regurgitant jet was directed posteriorly into the right
atrium and coronary sinus. This was markedly dilated,
measuring 8 millimetres in diastole and 16 milli-
metres in systole (Figs 2 and 3). The patient remains
asymptomatic, and is being followed conservatively
at present.

Case 3

A patient was referred for evaluation of a murmur
and cyanosis on the first day of life, at which time
moderate tricuspid regurgitation was documented
on cross-sectional echocardiography. She was man-
aged conservatively, and by the age of 3 months,
she was pink and asymptomatic. She remained well,
with normal exercise capacity on regular testing,
until the age of 12 years, when she reported reduced
exercise tolerance, which could be demonstrated
objectively with formal exercise testing. There were
no symptoms of arrhythmia. At this time, echocar-
diography showed the right atrium and ventricle to
be grossly enlarged, with a dilated tricuspid annulus
measuring 50 millimetres. The left atrium and ven-
tricle were functionally normal, but were compressed
by the enlarged right heart. The septal leaflet of the
tricuspid valve was tethered by shortened cords, while
the cords of the antero-superior leaflet appeared to
insert proximally, leaving a large section of flail leaflet,
and permitting a broad jet of tricuspid regurgitation
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Cross-sectional echocardiographic images seen from the sub-costal right oblique view in Case 3. In (a), the septal leaflet (SL) appears rethered
by shortened cords attached directly to the ventricular septum, while the antero-superior leaflet (ASL) prolapses into the right atvium (RA). (b)
A close-up of the tricuspid valve, demonstrates the proximal insertion of the cords to the ASL (white arrow), allowing prolapse of leaflet tissue

(*) beyond this point. RV: right ventricle.

to be directed posteriorly (Fig. 4). In view of her
symptoms, and the progressive dilatation of the right
heart and tricuspid annulus, she was referred for elec-
tive surgery. At operation, the antero-superior leaflet
of the valve was found to be hypoplastic, such that
the valve could not be adequately repaired. It was
replaced with a 33-millimetre bovine pericardial bio-
prosthesis. At follow-up 10 months later, the patient
had recovered full exercise capacity, and was symp-
tom free, with good function of the prosthetic valve.

Discussion

Isolated tricuspid regurgitation secondary to congen-
ital anomalies of the tricuspid valve or its supporting
tension apparatus is rare! © outside the setting of
Ebstein’s malformation. In the first accurate account
of this lesion, Becker et al. described a range of valvar
lesions, including focal or diffuse valvar thickening,
deficient development of cords or papillary muscles,
improper separation of valvar components from the
ventricular wall, and focal agenesis of valvar tissue.'

Cordal anomalies leading to significant regurgita-
tion may relate to absent or lengthened cords, which
allow prolapse of the associated leaflet into the right
atrium, or shortened cords which tether the leaflet,
preventing it from reaching the level of the atrio-
ventricular junction so as to ensure valvar coaptation
during ventricular systole. The direction of the
regurgitant jet, and hence the distortion of right atrial
anatomy, is dictated by the tricuspid valvar leaflet or
leaflets involved. In one case, the cords appeared to
insert proximally into the antero-superior leaflet,
allowing the distal leaflet to prolapse into the right
atrium. On direct inspection, the leaflet was found
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to be hypoplastic, thus preventing acceptable surgical
repair.

In all three cases, the anatomical nature of the
anomalies was such that the regurgitant jet was
directed posteriorly towards the atrial septum and the
mouth of the coronary sinus. This created significant
dilatation of the coronary sinus in two cases, and the
formation of a large diverticulum originating close to
the mouth of the coronary sinus, extending beneath
the inferior surface of the heart towards the left infe-
rior pulmonary vein, in one. Such dilatation of the
coronary sinus may be caused by overall enlargement
of the right atrium due to volume loading, may be a
direct effect of the regurgitant jet, or could be sec-
ondary to the presence of a persistent left superior caval
vein. We were able to demonstrate retrograde flow in
the coronary sinus in ventricular systole using both
cardiac magnetic resonance imaging and echocardiog-
raphy, a feature described only once previously, to the
best of our knowledge, as an acquired phenomenon in
an adult.” Whether this results in increased pressures
in the coronary sinus, with an impact on coronary
venous drainage, is unclear, albeit that none of our
patients had evidence of myocardial ischaemia.

The pathophysiology of severe tricuspid regurgita-
tion is marked and progressive dilatation of the right
atrium, right ventricle, and tricuspid valvar annulus.
Two of our three patients were symptomatic, and
congestive heart failure has been reported by other
authors.>™ As in our two patients who were sympto-
matic, surgical correction results in a significant
improvement in symptoms and features of cardiac fail-
ure in all cases of congenital valve dysplasia reported
to date. A recent series of adults with predominantly
traumatic tricuspid regurgitation caused by flail
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leaflets reported a high associated morbidity and mor-
tality, with a significant number of patients asympto-
matic at presentation experiencing heart failure and
arrhythmia. Surgical correction with low operative
risk was associated with symptomatic improvement.®

Tricuspid regurgitation secondary to valvar or sub-
valvar anomalies may be more severe in the neonatal
and infantile period. Elevated pulmonary vascular
resistance will increase right ventricular afterload,
worsening regurgitation across a dysplastic tricuspid
valve. This may be especially severe in the neonatal
period in conjunction with persistent pulmonary
hypertension of the newborn®* or with severe regur-
gitation, necessitating early surgical intervention.
Symptoms of right-sided heart failure appear to resolve
in the first few months of life as pulmonary vascular
resistance falls to adult levels.* Persistence of an oval
foramen or an atrial septal defect may lead to cyanosis
due to right-to-left atrial shunting.* Tricuspid valvar
dysplasia may also be seen in the fetal period, where
it carries a poor prognosis secondary to gross right
heart enlargement and pulmonary hypoplasia.’

One of our three patients reported recurrent symp-
toms of palpitation and pre-syncope, although the
electrophysiology study was negative. Arrhythmias,
specifically atrial fibrillation, have been described in
conjunction with tricuspid regurgitation.® Paroxysms
of atrial fibrillation not reproducible during electro-
physiological testing may have been responsible for
symptoms in this patient. Volume loading of the right
atrium secondary to an atrial septal defect, in the
absence of arrhythmia-induced remodelling, leads to
prolongation of regional refractory periods, pro-
longed recovery times for the sinus node, and conduc-
tion block at the terminal crest, which may persist
following closure of the atrial septal defect.'” This
may explain the very high incidence of atrial fibrilla-
tion reported in adults after repair of tricuspid regur-
gitation,® and stresses the importance of early repair
before electrophysiological remodelling becomes
irreversible.

Due to the small number of cases reported to date,
there are no clear guidelines dictating the need for
surgical intervention. The onset of symptoms, and/or
demonstrable evidence of reduced exercise capacity
or arrhythmias, would appear to be a good indication
for surgery. In a series of adults with acquired tricus-
pid regurgitation, severe dilatation of the right heart
was found to be predictive of a poor outcome,® and
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while it is difficult to directly extrapolate experience
in adults with acquired tricuspid regurgitation to
children, surgery for prognostic reasons in selected
cases with progressive right heart enlargement on
serial investigation may be warranted.

Surgical repair, rather than replacement, is possi-
ble in the vast majority of cases of tricuspid valve and
cordal anomalies reported to date.”™ This was not
possible in one of our patients due to hypoplasia of
the antero-superior leaflet, although the use of a bio-
prosthesis ensured anti-coagulation was only necessary
in the short term. In the setting of absent or shortened
cords, implantation or cordal lengthening using poly-
tetrafluoroethylene, coupled with annuloplasty and
commissural valvoplasty, has produced excellent results
in the immediate and medium term.>* If severe right
atrial enlargement is present atrial reduction surgery
may also be required, as in one of our cases.
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