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Arrowsmith, W. A., Payne, R. B., and Littlewood, J. M. (1975). Archives of
Disease in Childhood, 50, 197. Comparison of treatments for congenital
nonobstructive nonhaemolytic hyperbilirubinaemia. A patient with Crigler-
Najjar disease has survived with the help of phototherapy to the age of 2 years without
neurological damage. Because long periods of phototherapy are a threat to normal de-
velopment, a search was made for supplementary treatments. Cholestyramine
and a high fat diet were effective, and possibly also aspartic acid. Maintenance
therapy with cholestyramine allowed the amount of phototherapy given to be reduced.

Congenital nonobstructive nonhaemolytic hyper-
bilirubinaemia (Crigler-Najjar disease) is charac-
terized by the presence ofhigh levels ofunconjugated
bilirubin in the blood resulting from a congenital
deficiency of glucuronyl transferase activity. To
date some 86 cases have been published but this
is an exaggerated figure as there has been some
duplication of reporting. A full bibliography has
been compiled by the authors and is available on
request.

Arias et al. (1969) described two varieties of the
disease, type I and type II. Those patients with
type I are deeply jaundiced with serum unconju-
gated bilirubin levels of 17 to 40 mg/100 ml; they do
not respond to treatment with phenobarbitone; they
have no bilirubin glucuronide in their bile; in-
heritance appears to be in an autosomal recessive
manner, and almost all have developed kernicterus.
Those patients with type II have lower levels of
bilirubin ranging from 4 to 20 mg/100 ml; they
respond dramatically to treatment with pheno-
barbitone; they have normal levels of bilirubin
glucuronide in their bile; inheritance is probably
in an autosomal dominant manner, and most survive
without neurological damage. Both types have
very low levels of glucuronyl transferase activity in
liver biopsy samples, with no significant difference
between the two types. The cases originally
described by Crigler and Najjar (1952) were
probably all of Arias type I.

Received 23 August 1974.

Treatment of Arias type I disease became
possible with the advent of phototherapy and has
prevented or delayed the development of kernic-
terus in many of the patients on which it has been
used (Altay and Say, 1973; Bethenod et al., 1967;
Callahan et al., 1970; Gorodischer et al., 1970;
Gotze et al., 1972; Karon, Imach, and Schwartz,
1970; Land, Zarkowsky, and Vietti, 1970; Nicola
and Mussa, 1967; Salazar De Sousa, 1964).

In our patient phototherapy has succeeded in
keeping serum bilirubin levels within safe limits,
but it has also necessitated her remaining in hospital
as she usually requires 20 hours of phototherapy
each day. We are very much aware that her normal
development may be impeded by this regimen and
efforts have been made to provide her with as much
normal stimulation as possible. Unfortunately, her
parents have not found it possible to use a photo-
therapy unit at home. We have therefore sought
methods of treatment which are less restricting, are
simpler to administer, and might permit her return
home.

Case report
The patient, a girl, was born on 3 December 1971 at a

gestational age of 36 weeks after an uncomplicated
pregnancy and labour. Her parents are Pakistani and
unrelated. Mother was aged 31 years and had had 4
daughters, all healthy and unaffected by jaundice. She
has had no miscarriages or stillbirths. There was no
family history of jaundiced or brain-damaged children.
At birth our patient had a one-minute Apgar score of

10. She weighed 2183 g. On initial physical examina-
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tion no abnormality was noted but the spleen was
palpable to i cm below the left costal margin.

Jaundice was first noticed at 16 hours of age and at
that time her serum total bilirubin was 12 - 4 mg/I00 ml,
of which 0 6 mg was conjugated. Treatment was
started with continuous phototherapy using a Stanco
blue light unit (Rank Precision Industries, Ltd.)
containing 10 x 60 cm tubes of 40 watts each. Exchange
transfusion was performed on day 5, but the jaundice
persisted.

Investigations
Mother's blood group, 0 Rhesus positive. Baby's

blood group, 0 Rhesus positive. Direct Coombs's
test negative. Baby's blood film normal. Haemoglo-
bin 13-8 g/dl (8th day). White cell count 10 500/mm3
(8th day). Glucose-6-phosphate dehydrogenase de-
ficiency screening test negative. Pyruvate kinase
activity 85 mU/109 erythrocytes (normal 70-470). Red
cell fragility curve normal. X-ray of knee, normal epi-
physes. Protein-bound iodine 7-2 ltg/100 ml. Urine
culture negative. Blood culture negative. Amino acid
chromatogram showed increased quantities of leucine
and isoleucine detected initially; normal when repeated.
Sugar chromatogram of urine, none detected. Virus
cultures of faeces, throat, and urine negative. Australia/
serum hepatitis antigen negative. Rubella haemag-
glutination inhibition titre, baby 1 in 128, mother 1 in
256. Cytomegalovirus complement fixation titre, baby 1
in 8. Toxoplasma dye test, baby 1 in 8. Inhibitors of
bilirubin conjugation in mother's serum, none detected
(Dr. John Holton, Bristol). Urobilinogen in urine,
no excess. Urobilinogen in faeces, none in 19 samples.
Bilirubin in urine, none. Bilirubin in faeces, 2 - 94
mg/day (average of 15 consecutive days' samples at
ages 6 and 7 weeks).

Subsequent progress
The patient is now aged 2 years. She has remained

jaundiced with bilirubin levels ranging from 10 to 28
mg/100 ml, being usually between 14 and 19 mg/100 ml.
Despite prolonged hospitalization her mental and
physical development have been well within normal
limits.

Treatment trials
Our patient was given, in turn, aspartic acid, a high

fat diet, phenobarbitone, uridine di-phosphoglucose,
cholestyramine, and agar. Each of these treatments was
given for a period of 3 weeks with intervals of at least 3
weeks between treatments. All other variables (e.g.
amount of phototherapy, diet) were kept as constant as
possible. Serum bilirubin concentrations were deter-
mined (by modification of the method of Powell, 1944)
in duplicate, on venous blood, three times a week, care
being taken to protect the blood samples from light
during transit to the laboratory.

Aspartic acid. Both aspartic acid and orotic acid
have been used for treating unconjugated hyper-
bilirubinaemia, and both substances have been shown

to be effective in reducing neonatal jaundice (Kintzel,
Hinkel, and Schwarze, 1971; Matsuda and Shirahata,
1966) though this has been disputed by Gray and Mowat
(1971) and Mowat (1971). Aspartic acid is probably
more effective than orotic acid (Matsuda and Shirahata,
1966), and as orotic acid has been associated with mor-
tality in rats, it was not used on our patient. These
substances have been used because they are precursors
of uridine di-phosphoglucuronic acid which is a sub-
strate in bilirubin conjugation. We used potassium
L-aspartate in a dose of 300 mg twice daily.

High fat diet. Housset et al. (1967) and Barrett
(1971) have shown that a high fat diet reduces serum
bilirubin levels in Gunn rats (rats having the equivalent
of human Crigler-Najjar disease, Arias type I). The
rationale is that fat-soluble unconjugated bilirubin
which passes into the intestinal lumen other than in the
bile (Lester, Hammaker, and Schmid, 1962), is held
there if the intestinal contents are high in fat concentra-
tion. We increased the fat content of our patient's diet
to an average of 66-9 g/day compared with 35 g/day
before and after the treatment period.

Phenobarbitone. There is now much evidence that
phenobarbitone is capable of inducing the enzyme
glucuronyl transferase in normal persons. In patients
with Arias type II Crigler-Najjar disease, phenobarbitone
has been effective in reducing levels of unconjugated
bilirubin (Arias et al., 1969; Arias, 1971; Crigler and
Gold, 1969; Gotze et al., 1972, Kreek and Sleisenger,
1968; Newton and Ertel, 1968). Phenobarbitone has
had no effect, however, on the bilirubin levels of patients
with Arias type I disease (Arias et al., 1969; Gotze et al.,
1972); indeed the response to phenobarbitone appears
to be an effective method of determining whether the
patient has Arias type I or type II disease.

Phenobarbitone 15 mg daily was given to our patient
in the neonatal period without obvious effect before we
realized she had Crigler-Najjar disease. Subsequently
two further treatment periods confirmed that the drug
had no effect.

Uridine di-phosphoglucose (UDPG). UDPG has
been used for the treatment of neonatal jaundice and has
been shown to be effective in reducing bilirubin levels
(Careddu and Marini, 1968; Marini, 1969). Un-
fortunately, UDPG is expensive and has to be given
intramuscularly. We used UDPG 20 mg twice daily
and found no significant effect.

Cholestyramine. Cholestyramine has been suc-
cessfully used to treat jaundice due to biliary atresia
(Lottsfeldt et al., 1963), to cirrhosis in adults (Visintine
et al., 1961), and in Gunn rats (Lester et al., 1962).
Girotti et al. (1969), however, found no effect in a 5-day
trial in one patient with presumed Crigler-Najjar
disease; and both Nicola and Mussa (1967) and Blumen-
schein et al. (1968) found no effect in their patients
with Crigler-Najjar disease, though dose and duration
of treatment are not stated in the former. One of the

198

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.50.3.197 on 1 M

arch 1975. D
ow

nloaded from
 

http://adc.bmj.com/


Comparison of treatments for congenital nonobstructive nonhaemolytic hyperbilirubinaemia 199
patients described by Kreek and Sleisenger (1968) may
have benefited from cholestyramine, though very little
detail is given.
The rationale of its use is that, like fat, it holds

bilirubin in the intestinal lumen (but by adsorption) and
interrupts the enterohepatic circulation. We used
cholestyramine in a dose of 2 g twice daily.

Agar (Table). Agar, whenfed to Gunn rats in laxative
doses, has been shown to increase faecal bilirubin
excretion, to improve growth rate, to lower mortality,
and to protect partially against bilirubin nephropathy;
and when given to neonates from age 20 hours for
4 days, bilirubin levels were lowered significantly
(Poland and Odell, 1971). In addition, agar has been
shown to reduce bilirubin levels in a patient with
Crigler-Najjar disease (Poland, 1973).
The rationale for using agar is that it can interrupt

the enterohepatic circulation of bilirubin by 'stabilizing
it and preventing its bacterial conversion'.
Agar was given to our patient for 6 days at age 42 days

without obvious effect. A further trial was undertaken
at the age of 21 months. A number of preparations
were examined for percentage inhibition of bacterial
degradation by the patient's own bowel flora, using the
method of Poland and Odell, (1971). The results in the
Table show Oxoid No. 3 to be best, and this was used in
a dose of 1 g/kg body weight/day, but no significant
effect was found.

Results
Interpretation of the effect of the various treat-

ments given to our patient has been difficult
because of the wide spontaneous variation she has
shown in serum bilirubin concentration. For
example, during the 2-month control period her
bilirubin concentrations varied from about 12-20
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TABLE
Per cent. bilirubin remaining after inhibition of

degradation with various preparations of agar

Stool Stool
collection 1 collection 2

Mean
1 2 1 2

Agar fibre 46 47 42 39 43-5
Agar fine powder 65 62 41 42 52-5
Agar New

Zealand coarse 54 54 56 - 54*7
lonagar No. 2 73 73 46 50 60-5
Agar shredded 74 70 55 55 63-5
Oxoid New Zealand

agar-agar 58 58 72 80 67*0
Oxoid No. 3 67 66 70 73 69*0

mg/100 ml. For this reason we adopted a statistical
approach. First we calculated the linear regression
equation for bilirubin concentration on time and its
correlation coefficient (R) during each treatment and
control period; then we calculated the probability
that there was in fact a significant linear regression
with time (P1); and finally we calculated the pro-
bability that the regression was significantly
different from the change of bilirubin with time
in the control period (P2).

In three treatment periods there was a statistically
significant fall in serum bilirubin concentration
with time-during treatment with aspartic acid,
with a high fat diet, and with cholestyramine. It
can be seen from the Fig. that the significance of the
fall in bilirubin concentration during aspartic acid
treatment (005>P> 0-02) depends largely on the
last but one pair of bilirubin values. Spontaneous
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FIG.-Regressions of bilirubin with time. R, regression coefficient of bilirubin with time; P1, significance of the
correlation coefficient in each treatment period; P2, significance of the difference in regression coefficient

between the treatment period and the control period. UDPG, uridine di-phosphoglucose.
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variation of this magnitude was seen during the
control period, and, in spite of the statistical
significance of the regression, interpretation is
difficult. It is interesting that during treatment
with a high fat diet there appeared to be an absolute
fall of about 4 mg/100 ml without any gradual
progressive change, and analysis by linear regression
is probably inappropriate. The most striking
evidence of an effect of treatment is seen during the
cholestyramine treatment period when there was a
highly significant and convincing fall of serum
bilirubin concentration with time (P1 <0 001) of
about 6-5 mg/100 ml, and a highly significant rise
again in the following control period (P1 <0 001).

Discussion

We found cholestyramine to be the most success-
ful and most easily applied supplement to photo-
therapy. It has enabled us to reduce the amount of
phototherapy given to our patient, allowing her
greater freedom. Her bilirubin values over some 4
months of continuous treatment with cholestyra-
mine are significantly lower (mean 12-3, SD 2 0)
than in the 8-week control period (mean 15-5,
SD 1-6; P <0 001) despite this greater freedom
and reduction in phototherapy time. A recent
attempt to repeat the treatment trial with cholesty-
ramine was abandoned because the bilirubin level
rose to over 20 mg/100 ml within 10 days of stopping
the drug.

In view of the known possible complications of
long-term cholestyramine therapy, she has vitamin
supplements and her alkaline phosphatase levels
and prothrombin time are checked periodically.
She has started going home during the daytime
(at present only 2 days each week) to return in the
evening to hospital to sleep under the phototherapy
unit. Her present bilirubin levels range from 9 0
to 14 0 mg/100 ml despite her days at home. We
look forward to her being able to stay at home every
day, probably sleeping each night at the hospital
for phototherapy and occasional checks on bilirubin
levels.

We are grateful to Professor G. H. Lathe, D_partment
of Chemical Pathology, University of Leeds, for many
helpful suggestions; to Mr. C. H. Ramsden, Department
of Bacteriology and Mr. K. R. Johnson, Department of
Chemical Pathology, Leeds (St. James's) University
Hospital for examining specimens of agar for percentage
inhibition of bacterial degradation of bilirubin; to Dr.
John Holton of Southmead Hospital, Bristol, for looking
for inhibitors of bilirubin conjugation in the mother's
serum; to the nursing staff at Seacroft Hospital for their
enthusiastic care of the patient; and to Rank Precision
Industries, Ltd. for provision of a phototherapy unit.
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