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Transient neonatal tricuspid regurgitation: a Doppler
echocardiographic study of three cases
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SUMMARY Three patients with normal hearts and no pulmonary abnormality had neonatal
tricuspid regurgitation causing cardiorespiratory distress and cyanosis. The signs of tricuspid
regurgitation resolved over a few weeks. In the acute phase echocardiography showed gross

dilatation of the right atrium and ventricle. The interatrial septum bulged into the left atrium
during the whole cardiac cycle. Doppler echocardiography showed clinically significant tricuspid
regurgitation, a right to left shunt through the foramen ovale, reduced flow through the pulmonary
valve, and in two patients ductal flow into the pulmonary artery. In one patient tricuspid
regurgitation was so great that it impeded the opening of the pulmonary valve and produced
functional "atresia" of the pulmonary valve. The presence of regurgitant blood flow through the
pulmonary valve showed that the "atresia" was functional rather than organic. Doppler
echocardiographic study is useful in distinguishing functional neonatal tricuspid regurgitation
from structural abnormality of the tricuspid valve.

The clinical diagnosis of transient neonatal regur-
gitation is difficult."' In the past the diagnosis was
confirmed by cardiac catheterisation and angiogra-
phy.' It is likely that only patients who were severely
affected needed invasive investigation.s' Doppler
echocardiography permits an accurate diagnosis of
atrioventricular valve regurgitation. Our observa-
tions in three infants illustrate the clinical spectrum
of transient neonatal tricuspid regurgitation and
show the value of Doppler echocardiography in its
assessment.

Patients and methods

From August 1985 to the end ofFebruary 1986 seven
neonates with clinical, radiographic, and echocar-
diographic evidence of important tricuspid regur-
gitation and an otherwise structurally normal heart
were seen. Three of these patients had severe pul-
monary disease: two had hyaline membrane disease
and one had pneumonitis caused by meconium
aspiration. One neonate presented with congestive
heart failure and a hyperkinetic circulation caused by
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a large cerebral arteriovenous fistula. In the remain-
ing three patients we found no underlying abnor-
mality. In these three patients all signs of tricuspid
regurgitation resolved over a few weeks or months.
They form the basis of this report.
Doppler echocardiographic studies were perfor-

med with commercial units. We did not measure the
size ofthe atrium as there are no universally accepted
normal reference standards. Only gross dispropor-
tions between the atria were noted. Bulging of the
interatrial septum into the left atrium was assessed
throughout the cardiac cycle. Dilatation of the right
ventricle was measured by comparing the right and
left ventricular end diastolic dimensions in the para-
sternal short axis view. Tricuspid regurgitation was
assessed according to the classification proposed by
Miyatake et al.7
The pressure drop across the tricuspid valve

during systole was estimated from themaximum flow
velocity recorded by continuous wave Doppler and
the simplified Bernouilli equation (p = 4v2 where p
= peak pressure gradient in mm Hg and v =
maximal flow velocity in m/s).

CASE 1
A full term male infant (birth weight 3700 g) was
bom after an uneventful pregnancy and delivery.
The one and five minute Apgar scores were 6 and 8.
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Slight cyanosis, present at birth, persisted with the
infant breathing 40% oxygen. A heart murmur was
noted at age 8 hours. Because of his increasing
tachypnoea and grunting, an endotracheal tube was
installed and positive airway pressure ventilation was
started. When he was two days old he was transferred
to our hospital. There was mild cyanosis and the liver
was palpable below the costal margin. Auscultation
of the lungs was normal. A grade 4/6 high pitched
pansystolic murmur was best heard at the lower left
sternal border. The chest x ray showed mild car-
diomegaly with a cardiothoracic ratio of 0.57 and
normal hilar markings. Right atrial enlargement and
ST depresssion with negative T waves from V3R to
V6 were noted on echocardiography.

Cross sectional echocardiograms showed a struc-
turally normal heart but pronounced dilatation ofthe
right atrium and right ventricle. The interatrial
septum bowed towards the left atrium throughout
most of the cardiac cycle, suggesting a large pressure
difference. A ductus arteriosus was visualised. OnM
mode echocardiograms the ratio ofthe right ventricle
to the left ventricle at end diastole was 0.86. The next
day the condition had improved and the patient could
be extubated. Cross sectional echocardiography
showed that the right ventricle had become smaller
and that there was a straight interatrial septum.
Pulsed Doppler showed a grade 3 pansystolic tricus-
pid regurgitant jet halfway down the right atrium.
Because the maximum flow velocity was 3.0 m/s we
estimated that the systolic right ventricular-right
atrial gradient was 36 mm Hg. All other flow
velocities and flow patterns were normal except for
turbulence in the pulmonary artery caused by ductal
flow. The cardiac murmur disappeared completely
over the next week. Follow up examinations at one
week and two months were within normal limits.

CASE 2
This male infant was delivered by caesarean section
because offetopelvic disproportion. The mother had
been injecting 8 units of insulin daily during the
second half of pregnancy. At birth the patient
appeared to be normal but a few hours later he
became cyanotic and tachypnoeic. Because a heart
murmur was heard echocardiography was perfor-
med; this led to the tentative diagnosis of "hypoplas-
tic left heart syndrome". When he was two days old
he was transferred to our hospital. On examination
tachypnoea, mild cyanosis, and gross hepatomegaly
were noted. A grade 2/6 systolic murmur and a gallop
rhythm were heard at the lower left sternal border.
The electrocardiogram was within normal limits.
The chest x ray showed considerable cardiomegaly
(cardiothoracic ratio 0.75) and pulmonary hypoper-
fusion.

Fig 1 Parasternal lmg axis view in patient 2 showing a
normal size left heart and a considerably dilated right
ventricle. This gross disproportion between the ventricles had
led to the erroneous diagnosis of hypoplastic left heart. AO,
ascending aorta; LA, left atrium; LV, left ventricle; RV,
right ventricle; A, anterior; I, inferior; P, posterior; S,
superior.

Cross sectional echocardiography (fig 1) showed
that the dimensions of the left heart were normal but
that the right atrium, right ventricle, and pulmonary
trunk were grossly dilated. On M mode echocar-
diograms the ratio of the right ventricle to the left
ventricle was 1.0 at end diastole. There was no
evidence of a ductus arteriosus. Pulsed Doppler
echocardiography showed considerable pansystolic
retrograde turbulent flow into the right atrium,
corresponding to grade 3 tricuspid regurgitation. A
maximum flow velocity of3.1 m/s indicated a systolic
pressure drop of 38 mm Hg from the right ventricle
to the right atrium. A small regurgitant jet was
recorded just proximal to the pulmonary valve.
During the next few days the patient's condition
improved rapidly and signs of heart failure disap-
peared. When he was one week old the systolic
murmur and gallop rhythm were no longer audible.
On the echocardiogram only borderline enlargement
of the right atrium and ventricle persisted. Doppler
studies at follow up were within normal limits.

CASE 3
A female infant (birth weight 2900 g) was born after
an uncomplicated pregnancy. The mother had taken
no medication. The five minute Apgar score was 10.
The same day the baby was referred because of
suspected congenital heart disease. On physical
examination mild cyanosis and tachypnoea were
noted. The precordial impulse was active and diffuse.
The liver was palpable 4 cm below the costal margin.
The second sound was single. A grade 2/6 systolic
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Fig 2 The chest x ray when patient 3 was one day old (a)
showing massive cardiomegaly caused by dilatation of the
right atrium and ventricle. At age 3 months (b) only slight
right atrial dilatation persisted.

murmur and a diastolic rumble were heard at the
lower left sternal border. The chest x ray showed
massive cardiomegaly (cardiothoracic ratio 09) (fig
2a). Right atrial enlargement, pronounced right
ventricular hypertrophy with deep Q waves in V3R,
and ST changes were noted on the electrocar-
diogram.

Cross sectional echocardiography showed gross
dilatation of the right atrium and right ventricle (fig
3). The interatrial septum bulged into the left atrium
throughout the cardiac cycle. The right ventricular
outflow tract and pulmonary trunk were well
developed. The pulmonary valve was thickened and
immobile. The tricuspid valve was echodense but
moved well. There was no apical displacement of the
annulus. The ductus arteriosus was visualised and
retrograde flow was seen in the pulmonary artery.
The inferior angle between the ductus and the
descending thoracic aorta was obtuse. M mode

~h _
Fig 3 The apicalfour chamber view in patient 3 showing
considerable dilatation of the right atrium and right ventricle
and bulging of the atrial septum into the left atrium. The
apex of the heart wasfound to consist mainly of the right
ventricle even when the transducer was moved asfar as
possible to the left. LA, left atrium; LV, left ventricle; RA,
right atrium; RV, right ventricle; I, inferior; L, left; R,
right; S, superior.

echocardiograms showed a right ventricular/left ven-
tricular ratio of 1 2. Doppler echocardiography
showed no forward flow across the pulmonary valve.
A pulmonary regurgitant jet was identified in the
right ventricular outflow tract; this finding excluded
pulmonary atresia but not severe pulmonary sten-
osis. The continuous Doppler beam could not be
aligned satisfactorily with this regurgitant jet. The
maximum recorded speed of 2-9 m/s was consistent
with a diastolic gradient across the pulmonary valve
of at least 33 mm Hg. A pansystolic tricuspid regur-
gitant flow was recorded in the entire right atrium
and in the hepatic veins. The maximal velocity on a
satisfactory signal was 2-9 m/s corresponding to a
pressure drop of 33 mm Hg from the right ventricle
to the right atrium during systole (fig 4). These
findings suggested that pressure in the right ventricle
remained below that in the pulmonary trunk
throughout the cardiac cycle.
Over a period of three months the clinical condi-

tion improved steadily-the respiratory rate became
normal and the hepatomegaly and cyanosis disap-
peared. Physical examination when the patient was
five weeks old showed a soft grade 2/6 systolic
murmur at the fourth left intercostal space and a
normally split second sound. Cross sectional
echocardiography showed a striking reduction in the
dimensions of the right heart; the right atrium was
still slightly dilated but the right ventricle was within
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Fig 4 Continuous wave Do
in:patient3. The maximum:
tricuspid regurgitant jet (2* 9
33 mm Hgfrom the right vei
systole.

normal limits. The app
tricuspid and pulmnonarl
pier echocardiographys
regurgitant jet and trivii
Clinical, echocardiograp
tions at three and six n
limits. The chest x ray si
right atrium (fig 2b).

Discussion

Various lesions can caus
tion in the neonatal peri
tricuspid valve includ(
tricuspid valve dysplasia
chordae and papillary
isolated deficiency of on(

: .--- -:-:^- tricuspid orifice, reduplication of the tricuspid
orifice, and atrioventricular septal defect." Tricus-
pid regurgitation may also be secondary to severe
pulmonary hypertension or obstruction of the right
ventricular outflow tract with an intact ventricular
septum.9 Finally, there is a transient form of isolated
tricuspid regurgitation that does not have an obvious
a;atomical and haemodynamic basis.' It has been

Iii9iR", gisie:=Ti i suggested that sudden perinatal constriction of the
ductus arteriosus forces the right ventricle to pump
the entire systemic venous return into the high
resistance pulmonary circuit. This might result in
right ventricular dilatation and tricuspid regurgita-
tion that would resolve with the reduction of pul-
monary resistance and pressure during the first days
of life.26"0 Others speculate that perinatal hypoxia

OA.. leads to myocardial ischaemia and dysfunction of the
papillary muscles of the tricuspid valve.411
The clinical syndrome oftransient tricuspid regur-

gitation in the neonate is variable and depends on the
degree of valve dysfunction. In milder forms patients
present with slight cyanosis, tachypnoea, and
hepatomegaly with a moderately loud systolic mur-
mur at the lower left sternal border. The chest x ray
shows pronounced cardiomegaly. In these patients
the signs of tricuspid incompetence usually resolve
within days, as they did in two of our patients (1 and
2). In severe forms (as in patient 3) postnatal distress
and congestive heart failure may be life threatening.
The electrocardiogram often shows evidence of

1 1; 1--,{1;1 111J myocardial ischaemia.4TricuspidregurgitationmaytIli:JItIIIIti,IIiIOhIIIIItIIIII:IrIIII be so massive that it impedes opening ofthe pulmon-
wpler tracing from near the apex ary valve. Pulmonary blood flow is then completely
flow velocity of the pansystolic dependent on the ductus. Considerable shunting of
0 mls) suggests a gradient of systemic venous blood across the foramen ovale will
ntrick to the right atrium during result in pronounced desaturation of arterial

oxygen.35 This conduction is known as "functional
"12pulmonary atresia".

)earance and motion of the The main difficulty in diagnosis is distinguishing
y valves were normal. Dop- between patients with organic pulmonary atresia, a
showed a grade 1 tricuspid dilated right ventricle, and tricuspid regurgitation9
al pulmonary regurgitation. and those with isolated gross tricuspid regurgitation
)hic, and Doppler examina- and "functional pulmonary atresia".5 The clin-
nonths were within normal ical, electrocardiographic, and radiographic findings
iowed slight dilatation ofthe are similar in these two groups. Cardiac catheterisa-

tion may be helpful in excluding pulmonary atresia if
the catheter can be advanced into the pulmonary
artery. In most cases of severe tricuspid regurgita-
tion, however, this was difficult or impossible.5812 If
right ventricular systolic pressures are higher than

;e severe tricuspid regurgita- systemic values there is a strong likelihood of severe
od. Primary anomalies of the obstruction of the right ventricular outflow and of
le Ebstein's malformation, secondary tricuspid regurgitation. But this anomaly
t,abnormal attachment ofthe may also be associated with only slightly raised or
r muscles, isolated clefts, normal right ventricular pressures.8 On the other
e or more leaflets, unguarded hand, right ventricular pressure in isolated tricuspid
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regurgitation varied from low36 to considerably
raied.5812 Right ventricular angiocardiography can
be equally misleading. In patients with massive
tricuspid regurgitation forward flow and passage of
contrast material into the pulmonary artery may be
minimal or absent, suggesting severe obstruction of
the right ventricular outflow tract.5 " 12 Freedom et al
emphasised the role ofaortography which they found
was the only reliable method of distinguishing bet-
ween functional and structural pulmonary atresia in
33 neonates with various forms of tricuspid regur-
gitation.'2 In neonates with functional pulmonary
atresia aortography showed a normal aortic isthmus
(an indication of normal fetal ductal flow), a widely
patent ductus arteriosus, a well developed pulmon-
ary trunk, and, without exception, considerable
regurgitation of contrast material into the right
ventricle.
The clinical distinction between organic and func-

tional pulmonary atresia is of considerable interest
because management of the two conditions is
different. Exploratory thoracotomy, in an attempt to
relieve suspected obstruction of the right ventricular
outflow tract, carries a high risk,"8 whereas suppor-
tive medical treatment, including the administration
ofoxygen, correction ofmetabolic abnormalities, and
administration of prostaglandins, may rapidly
improve haemodynamic function and give time for
spontaneous resolution of transient forms of tricus-
pid regurgitation in the newborn.'5' We too found
that in our patients all signs of tricuspid incom-
petence resolved within the first days (two patients)
or months of life (one patient).
Our study showed that Doppler echocardiography

was useful in the evaluation and non-invasive follow
up of haemodynamically compromised neonates
presenting with tricuspid regurgitation. In all three
cases echocardiography showed a structurally nor-
mal heart. Gross anomalies of the tricuspid valve,
such as Ebstein's disease or severe dysplasia, could be
excluded. In the third patient only, the tricuspid
valve seemed to be thickened at the first examination,
but the insertion ofthe annulus and the valve motion
were normal. We noted changes that were secondary
to gross tricuspid regurgitation: both the right atrium
and ventricle were considerably dilated and the
interatrial septum bowed towards the left atrium
throughout the cardiac cycle, suggesting an increase
in right atrial pressure. The ratio between the right
ventricular and left ventricular end diastolic dimen-
sions measured by M mode echocardiograms was
much higher than the normal mean value (060
(0-05)) for neonates.13 The apex of the heart seemed
to consist mainly ofthe right ventricle, even when the
transducer was moved as far as possible to the left. In
two patients movement of the pulmonary valve was

normal or there was premature closure. It looked
thickened and immobile in the patient with func-
tional pulmonary atresia. A ductus arteriosus could
be visualised in two of the three patients.
Doppler investigation showed moderate to mas-

sive tricuspid regurgitation, a right to left shunt
through the foramen ovale, normal or reduced flow
through the pulmonary valve, and, in the two cases in
whom a ductus was visualised, ductal flow into the
pulmonary artery. The findings in one patient with
massive tricuspid regurgitation and functional pul-
monary atresia are of special interest. The character-
istic flow pattern of pulmonary regurgitation, which
Freedom et al 2 showed by aortography, was also
displayed by the Doppler signal. Similar Doppler
findings were reported in two neonates with func-
tional pulmonary atresia secondary to severe Ebs-
tein's anomaly.'4 Imaging with colour Doppler will
probably help to identify pulmonary regurgitation
and distinguish between functional pulmonary
atresia and organic pulmonary atresia.

Current continuous wave and pulsed Doppler
methods are so sensitive that they commonly find
regurgitant tricuspid flow patterns in normal
individuals.715 Localised retrograde systolic flow,
just proximal to the septal leaflets of the tricuspid
valve, was detected in more than half of 11 healthy
neonates with no clinically apparent tricuspid incom-
petence examined during the first days of life.'0 In
order to distinguish between these trivial forms of
regurgitant flow and haemodynamically important
tricuspid regurgitation we 4sed several semiquan-
titative criteria for the area and the duration of
retrograde turbulence.7 In two patients turbulent
flow extended halfway into the right atrium and in
the remaining patient it was recorded in the entire
right atrium and in the hepatic veins. Turbulent flow
was pansystolic whereas in normal neonates it was
rarely found in more than half of systole.'" Further-
more, the Doppler findings should be interpreted in
conjunction with the echocardiographic signs of
tricuspid regurgitation, particularly gross dilatation
of the right ventricle and right atrium, which were
not seen in normal neonates.'01
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