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Indications for transoesophageal studies in children

(1) Primary diagnosis:
Atrial pathology
Anomalous venous connections
Atrial septal defects
Atrioventricular junction abnormalities
Left ventricular outflow obstruction

(2) Monitoring:
Perioperative

Atrial lesions
Atrioventricular valve repair/replacement
Mustard/Senning procedure
Fontan procedures
Continuous monitoring
Early postoperative complications

Interventional cardiac catheterisation
Balloon valvuloplasties
Balloon angioplasties
Atrial septostomies
Venous pathway dilatations
Coil embolisations
Atrial septal defect occlusion
Ventricular septal defect occlusion

(3) Follov up:
Venous pathway reconstructions
Atrioventricular valve repair/replacement
Mustard/Senning procedures
Fontan procedures

lesions. After the Mustard or Senning procedure for
complete transposition, transoesophageal studies allow a
complete evaluation of atrial baffle function,'2 and thus
largely influence the need for follow up cardiac catheterisa-
tion. After the various modifications of the Fontan proce-
dure, which is used for palliation of a range of complex
congenital cardiac lesions, the transoesophageal ultrasound
approach provides a most sensitive tool in the definition of
residual or acquired haemodynamic lesions and yields new
insights into the patterns of the pulmonary circulation.'3

Limitations
Paediatric transoesophageal echocardiography is a semi-
invasive technique that requires either general anaesthesia
or heavy sedation. Thus appropriate patient selection is
mandatory (table). With the currently available dedicated
paediatric scanning equipment studies in children below 4
kg in weight should be performed only if the information
likely to be obtained is of importance for appropriate patient
management. The present probe technology allows for only
single plane imaging of the heart, thus making transoeso-
phageal scanning a strictly totnographic technique.
However, it is likely that biplane'4 '5 or multiplane paediat-
ric transoesophageal probes will be designed in the near

future and will further increase the range of diagnostic
insights to be obtained.

Conclusion
Transoesophageal echocardiography is a relatively new
adjunct to the ultrasound evaluation of congenital cardiac
lesions. It is a safe, albeit semi-invasive, technique that
rapidly has gained a well defined place in the diagnostic
armamentarium of the paediatric cardiologist.
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Jaundice at 14 days of age: exclude biliary atresia

The majority of infants with biliary atresia in the UK are
still being referred too late to get optimal benefit from the
operation of portoenterostomy. It is now 14 years since we
first reported the importance of early referral in this
journal.1 The success of early surgery has been reported
repeatedly since then. Over 80% of infants with biliary
atresia who underwent surgery before 60 days of age have
become jaundice free, compared with 20-35% for those with
later surgery.2 Results of surgery are less satisfactory in
centres operating on few cases.3 It was clear even 14 years
ago that infants who cleared their jaundice had a good
prospect of long term survival with a good quality of life.'
This has been confirmed in the last few years from Japan
and Europe.4 A 15 year survival of 87% has been reported in
infants who become jaundice free.5 The age at portoentero-

stomy dictates the frequency of survival beyond 10 years of
age. For example in one series 17 of 26 (73%) infants
operated by 60 days of age survived to 10 years as compared
with only eight of 71 (11%) operated after 90 days of age.
Thirty of 48 aged from 10 to 33 years have had a completely
uncomplicated course while 37 are leading normal lives with
no current medical or surgical problems.6 Reports from
France are similar with the most satisfactory outcome in
those operated on by 45 days of age.7 Preliminary analysis of
patients treated since 1973 at King's College Hospital
suggest a similar outcome but few were treated before 45
days.
These observations on the outcome of early surgery are in

keeping with what is known of the pathology of biliary
atresia.8 In the extrahepatic biliary tract there is a pro-
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gressive destructive sclerosing inflammatory process. The
intrahepatic bile ducts are also involved leading rapidly to a
biliary cirrhosis with a mean age of death of 11 months.
Excision of the extrahepatic ducts at a stage when there are
still patent biliary channels in the porta hepatitis allows the
liver to recover sufficiently for normal growth and develop-
ment even if the liver is fibrotic and the intrahepatic bile
ducts are abnormal. Portal hypertension, present in all cases
at the time of surgery, can remit but may still cause
alimentary bleeding in 10-15%.' Further liver injury may
be caused by cholangitis,10 but this may be less damaging if
it occurs more than five years after surgery."

For the child who does not have a successful portoenter-
ostomy liver transplantation is the other mode of manage-
ment. The results of liver transplantation are steadily
improving with a one year survival rate after one or more
transplantation procedures of over 80%.12 A five year
survival of more than 60% has been reported in older
children but less than 40% in infants.'3 14

Liver transplantation requires many more resources than
portoenterostomy. The patient requires lifelong immuno-
suppression with close supervision for both medical and
surgical complication and the longer term prognosis is
unknown. Although an important mode of management for
end stage liver disease and metabolic disorders, the role of
liver transplantation in biliary atresia is secondary to that of
portoenterostomy.l5

Despite several publications in this journal, and else-
where, we find no evidence that infants born with biliary
atresia in the UK are being referred earlier. In 1989 the
Lancet published the findings of a detailed study of the
factors that might influence the outcome of surgery and
cause delayed referral.2 All 50 UK born infants treated for
biliary atresia at King's College Hospital in 1985-7 were
analysed. Only the age at surgery predicted the outcome. In
the three years covered by the study 81%, 54%, and 73%
were referred after 6 weeks of age and 46%, 31%, and 35%
after 8 weeks of age. All had been jaundiced with
persistently yellow urine from the first week of life. One
third of families had been reassured repeatedly by midwives,
health visitors, or family doctors that the jaundice was
physiological. In these instances referral was often initiated
at the well baby review at 6 weeks of age. In 60% of cases
inappropriate management by hospital paediatric staff
contributed to the delay in referral. For example, no
investigations to exclude underlying hepatobiliary disease
were performed in seven infants with jaundice after 2 weeks
of age or in four with jaundice and vitamin K responsive
haemorrhagic diathesis. In five instances a diagnosis of
breast milk jaundice was made, although this form of
jaundice produces an unconjugated hyperbilirubinaemia
with no clinical or biochemical evidence of liver disease. In
seven instances the clinician was mislead by a fall in the
serum bilirubin concentration of up to 40 [tmol/l. A leading
article in the British Medical Journal'6 and letters in the
correspondence columns of both the British Medical Journal
and the Lancet have stressed the measures necessary for the
recognition of suspected cases of biliary atresia by 6 weeks
of age.
Of 25 infants born in the UK in 1990 whom we have treated

for biliary atresia, 63% were referred after 6 weeks of age
and 33% after 8 weeks of age, that is, no younger than the
age of referral in 1985-7. Although 70% have had a
significant drop in their serum bilirubin concentrations after
surgery, as yet it is normal in only 50%. We have no reason
to suspect that the reasons for delayed referral in the 1990
cohort are in any way different to those in earlier years. At
least two were considered to have breast milk jaundice.
Parents are angry when they learn that the outcome of
surgery may be jeopardised by the time of referral. It is

embarrassing and possibly imprudent in these days of
litigation to delve into reasons for delayed referral. The
introduction of new techniques'7 18 and the twice weekly
performance of ctl-antitrypsin phenotyping have excluded
genetic, infective, and endocrine disorders more rapidly,
reducing the median time between referral and surgery from
14 to eight days. It is difficult to see how the interval can be
reduced further if unnecessary laparotomy, with its risks,'9
is to be avoided.

What is required to ensure earlier referral of infants with
biliary atresia in the UK?

(1) The urine of jaundiced infants must be tested for bilirubin
and the direct or conjugated bilirubin measured
The vast majority of infants with biliary atresia are entirely
well during the first four to eight weeks of life apart from
mild jaundice. The serious nature of the jaundice will be
appreciated only if conjugated hyperbilirubinaemia is
found. It is always pathological. It must be suspected in any
jaundiced infant in whom the urine is yellow as opposed to
colourless or clear. All infants with conjugated hyperbili-
rubinaemia require early identification to minimise the risk
of bleeding from vitamin K malabsorption and so that
appropriate investigations can immediately be undertaken
to identify disorders for which specific medical or surgical
treatment is available. It may be the first indication of gene-
tically determined disorders, the identification of which is of
considerable importance for the family.20

(2) The stool must be seen, by the clinician, to determine
whether it is yellow or green in colour
If consecutive stools over a course of two to three days
contain no green or yellow pigment biliary atresia is likely.
The infant should be referred to a specialised liver centre
with the resources to exclude rapidly other causes of
complete cholestasis and the surgical expertise to correct
biliary atresia effectively. It should be noted that in a
minority of patients with biliary atresia the parents give a
clear history of the infant passing green or yellow stools
before the development of complete cholestasis.

(3) Systematic screening for hepatobiliary disorders
Professional education has clearly not succeeded in getting
medical staff to perform the two measures that would
optimise the management of biliary atresia. Has the time not
come to institute systematic screening for hepatobiliary
disorders as is done for other relatively rare conditions such
as hyperphenylalaninaemia with an instance of approxi-
mately 1:4000 live births or congenital hypothyroidism
which has a similar incidence?2' 22 The estimated incidence
of biliary atresia ranges from 1:14 000 to 1:21 000 live
births.3 The incidence of hepatobiliary disease in early
infancy requiring equally early recognition for optimum
treatment of infective, metabolic, or endocrine causes is at
least five times higher.23 We would propose that in all
infants who remain jaundiced after 14 days of age the urine
should be tested for bilirubin and the direct or conjugated
bilirubin measured. This could be initiated by the midwife
or family doctor. Physiological jaundice almost invariably
clears by 14 days of age except in a small proportion of
breast fed infants.24 The number of negative tests would be
relatively infrequent.

If bile is present in the urine or the conjugated bilirubin is
raised the patient should be referred immediately to a
paediatrician. If the stools do not contain green or yellow
pigment over the course of two to three days the patient
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should be referred to a specialist liver centre able to perform
portoenterostomy. This change in management could be
facilitated with posters emphasising the importance of
prolonged jaundice, yellow urine, and the stool colour as
early signs of treatable hepatobiliary disease in antenatal,
postnatal, and welfare baby clinics or family practitioner
centres in which mothers and babies are seen.

(4) Changing the age of well baby review from 6 to 4 weeks
of age
Consideration should also be given to changing the age at
well baby review from the present 6 weeks to 4 weeks. As
well as identifying infants with hepatobiliary disorders it
would allow earlier detection of some congenital heart
defects, particularly left to right shunts and of subluxation
of the hips which may be difficult to detect in the neonatal
period. Disturbances in mother-child relationships might be
more easily remedied if observed at 4 rather than 6 weeks of
age. Since these last two measures have been introduced in
Japan the age of infants presenting for surgical correction of
biliary atresia has gradually fallen and the outcome has
steadily improved.25

Until such measures are instituted in the UK it is essential that
paediatricians ensure that the direct bilirubin be measured in all
neonates passing through their care, particularly those in whom
jaundice is still detectable at 14 days of age. It would not be
necessary to screen all well babies, only those who remain
jaundiced after 14 days of age. Physiological jaundice almost
invariably clears by then except in a small proportion of
breast fed infants.24 The urine should be tested for bilirubin
and the direct or conjugated bilirubin concentration mea-
sured. This could be initiated by the midwife or family
doctor.
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