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Introduction

Vitamin D is hydroxylated at the carbon 25 position to form 25-hydroxyvitamin D [25-OH-D]. This occurs
primarily in the liver. Additional hydroxylation of 25-OH-D occurs at the 1 position producing 1, 25-
dihydroxyvitamin D [1, 25-(0H).-D], physiologically active form of vitamin D. This occurs primarily in the
kidneys. Therefore, impaired functions of the liver and kidneys cause disturbance of vitamin D metabolism

with resultant osteodystrophic conditions.

Congenital biliary atresia is one of major hepatobiliary abnormalities in infants, and one of the causes of
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456 Osteodystrophy in Congenital Biliary Atresia

so-called hepatic osteodystrophy.
Retrospective analyses of the skeletal changes of congenital biliary atresia were performed. This paper
concerns interesting clinico-radiological aspects of these changes.

Materials and Results

One hundred and ninety-two cases with congenital biliary atresia were experienced at Department of
Pediatric Surgery, Juntendo University Hospital during 1971-1980 (nine year period). Roentgenograms of
seventy-three cases with congenital biliary atresia could be reviewed. Out of these, thirteen cases were found
to have skeletal changes. The skeletal changes included rachitic changes of the metaphysis and fractures,
associated with generalized osteopenia. Metaphyseal rachitic changes were seen in nine cases and occurred
at rapid growing ends of the bones. Fractues were seen in six cases, out of which two cases accompanied
rachitic changes. Thirteen fractures were radiographically identified in six cases, and fracture sites were as
follows; 4 femora, 3 humeri, 2 tibiae, 1 scapula, 1 rib, 1 ulna, and 1 radius. The fractures occurred
predominantly in proximal and distal thirds of the long bones. Some of the fractures were indistinguishable
from Looser’s zone radiographically. Table 1 showed clinico-radiological manifestations of the cases with
skeletal changes. Rachitic changes of the metaphysis were more common in younger infants. Age of the
infants with rachitic changes ranged from 2 months to 1 year 7 months with average of 7 months. Fractures
were much more common in older infants. Age of the cases with fractures ranged 10 months to 7 years with
average of 2 years and 2 months.

Case Presentation

Representative cases were shown next.

Case 1; S.I. (No.2)3 months old girl.

Jaundice was pointed out at the age of 3 months. Hepatoportojejunostomy was performed. After surgery,
she suffered from repeated pulmonary infections. Chest film showed bronchopneumonic changes in both

Table 1  Radiological manifestations of 13 cases with skeletal changes in congenital biliary atresia

e of onset, rachitic -

case NO sex skeletal changes change fracture fracture sites surgical procedure

1 F 2mo. + = hepatoportojejunostomy at 1 mo.

2 F 3mo. -+ = hepatoportojejunostomy at 2 mo.

3 F 5mo. + = hepatoportojejunostomy at 5 mo.

4 F Smo. + = sublingual thoracic duct drainage at 5 mo.

5 F 8mo. + — choledochojejunostomy at 6 mo.

6 F Tmo. + = hepatoportojejunostomy at 5 mo.

7 M 3mo. + S (autopsy)

8 F 10mo. — + rt. humerus hepatoportojejunostomy at 2 mo.

9 F 1yr. 1mo. + + rib. rt humerus  hepatoportojejunostomy at 2.5mo.

10 M lyr. Imo. S + 1t. humerus hepatoportojejunostomy at 2.5mo.

11 M 1yr. 4mo. = + It. scapula hepatoportojejunostomy at 7 mo.
It. & rt. femora

12 F lyr. Tmo. + n l‘tt fzagg;];lblae hepatoportojejunostomy at 2 mo.
It. ulna

13 F 7yr. o n 1t & tE. fermiora cholecystoduodenostomy at 6 mo.

sublingual thoracic duct drainage at 7 mo.
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Fig. 1 S.I. (No.2) 3 months old girl; b
There was squaring deformity in the proximal

metaphysis of the right humerus. There was a 2
generalized demineralization of the bones. l.

Fig. 2a,b,¢ K.g.(No.5)8 months old girl:

There were cupping deformity and irregularity in
the distal metaphyses of the ulna, radius and distal
femur (a, b). Distal ends of the ribs showed
a bulbous swelling (c).

C
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458 Osteodystrophy in Congenital Biliary Atresia

lungs. Bone density was decreased with thin cortices and indistinct bony trabeculae. There was frayed ap-
pearance in the proximal humeral metaphyses. There was no evidence of cupping deformity but squaring
deformity in the metaphyses. (Fig. 1)

Case 2; K.G. (No.5)8 months old girl;

She had progressive jaundice at the age of one month. Stool appeared acholic at 2 months of age.
Choledochojejunostomy (Roux-Y) was performed. At 8 months of her age, cupping deformity and irregularity
were identified in the distal metaphyses of the forearms and around the knee joints. Also, proximal humeral
metaphyses showed frayed appearance. Distal ends of ribs showed bulbous swelling. (Fig. 2abc)

Case 3; A.L (No.9)1 year and 1 month old girl;

Acholic stool was pointed out at 3 weeks of neonatal period. Hepatoportojejunostomy was performed but
repeated pulmonary infections and development of hydrocephalus deteriolated patient’s condition. Chest
film showed bilateral pneumonic consolidation. Bony cortices were hardly visible on chest film, because of
marked demineralization. There were bilateral metaphyseal fractures of distal humeri with minimal im-
paction. Indistinctness of the metaphyses were seen in distal humeri, radii and ulnae. (Fig. 3)

Case 4; M.I. (No.12)1 year and 7 months old girl;

This was a case with multiple fractures. She had hepatoportojejunostomy at her age of 3 months with
resultant improvement of her jaundice. Bone changes were discovered nn 4th admission when she had severe
respiratory distress and deteriolated general condition. Chest film showed bilateral pneumonia. Fractures
were noted in distal third of femoral shafts, proximal tibiae, proximal third of right ulna, and proximal third
of left radius. Callus formation was seen in minimal degree. Laboratory data showed severe anemia, hepatic
dysfunction, elevated serum alkaline phosphatase and borderline low serum calcium. Metaphyseal rachitic
changes were seen in proximal humeri, distal radii, distal ulnae, proximal femora, proximal tibiae, distal
tibiae, and distal fibulae. Periosteal reaction was identified along the shafts of both humeri, radii, and ulnae.

I | ‘I

Fig. 3 A.I (No.9) 1 year and 1 month old girl;
Poor definition and cupping deformity were seen
in the distal metaphyses of the radius and ulna.
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Fig. 4a, b, ¢ M.L (No. 12) 1 year and 7 month old
girl;
Fractures were seen in the distal femur and pro-
ximal tibia. Ricketic changes were present in the
metaphyses (a). Periosteal reaction was identified
along the diaphyses of the radius and ulna with
diaphyseal freacture (b). Spiculations were seen in
the tibial diaphysis (c).
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460 Osteodystrophy in Congenital Biliary Atresia

Periosteal spiculation was seen in the tibial and femoral shafts.
Discussion

In 1975, eight cases of congenital biliary atresia with skeletal changes were reported by ush. In this
series, review of roentgenogram revealed 13 cases with skeletal change. Incidence was 17.8% (13/73) during
1971-1980. In previous report, bones changes were divided into three groups such as epi-metaphyseal
change (rachitic), diaphyseal change (dystrophic) and fracture. There appeared a tendency that epi-
metaphyseal changes were present in younger infants and diaphyseal changes as well as fractures were
predominantly observed in older infants. In the present series, this tendency was more distinct. Rachitic
changes of the metaphyses were observed in infants younger than one year of age. Fractures were seen
predominantly in age group older than one year. Fractures occured in osteopenic bones, allowing for the fact
that some of the fractures were indistinguishable from pseudofracture (Looser’s zone) radiographically.

Rachitic changes were observed in younger infants. Rapid growing ends of bones were favorite sites of
rachitic changes. However, bone changes with congenital biliary atresia could present as a manifestation of
total damage of skeleton®®, It was quite interesting that rachitic changes were observed in cases of 2
months old and 3 months old respectively. Usually vitamine D deficiency rickets was thought to be un-
common before 3 months of age. The broad spectrum of congenital rickets should be considered in
differential diagnosis. Hypophosphatasia should be included in differential diagnosis because jaundice was
likely to be a prominent clinical feature,

In biliary atresia, metabolic disturbance is resulted from impairment of the passage of bile salts into
alimentary canal. In consequence, inadequate emulsification of fat results in incomplete absorption of
vitamin D. In addition, in the course of the disease, liver cirrhosis develops and hydroxylation of vitamin D is
impaired. Vitamin D and hence calcium absorption were thus in turn diminished.

Toomy et al.» reported 14 cases of rickets associated with cholestasis and parenteral nutrition in
premature infants. In their series, the first radiographic sign of rickets was decreased bone density which
appeared usually by one month of age. By two months, swelling of the anterior rib ends was noted. Rachitic
changes were identified in 2—3 months. Fractures were present usually after 2 months of age. Allowing for
difference in age distribution, the sequence of bone changes were identical with our series. Assessment of the
bone density on radiographs is insensitive, and radiographs of the infants are usually unsatisfactory, giving
much more difficulty in radiographic assessment of bony mineralization.

In addition to hepatobiliary abnormalities, many other factors may be responsible for skeletal changes.
Several authors have described rickets in low-birth-weight infants®”s. Prolonged jaundice is known to result
in metabolic bone diseases®. Prognosis of congenital biliary atresia is usually much discouraging, especially
in cases with associated skeletal changes. Most of the cases died of severe pneumonia and some died of
hepatic insufficiency. Rupture of esophageal varices is also cause of death. Clinician should be alert not to
enhance the skeletal changes in congenital biliary atresia and identify the skeletal changes earlier in order to
give better clinical care to the patients.

References

1) Katayama, H., Suruga, K., Kurashige, T. and Kimoto, T.: Bone changes in congenital biliary atresia. Am. J. Roen-
tgenol. 124(1): 107—112, 1975

2) Lelong, M.: L’hepatite neonatale du premature avec pneumopathic subaique et rachitisme precoce. Rev. Int. Hepat.
11: 793—818, 1961

3) Lelong, M., Alagille, D., Colin, J., Gentil, C. and Debauchez, C.: Le retentissment squelettique des affections
hepatobiliaries du nourrison. Rev. Int. Hepat. 11: 757—791, 1961

4) Levin, E.J.: Congenital biliary atresia with emphasis on skeletal abnormalities. Radiology 67: 714—722, 1956

5) Toomy, F., Hoag, R., Batton, D. and Vain, N.: Rickets associated with cholestasis and parenteral nutrition in

(6) BAERSE H45% H£i15



Hitoshi Katayama, et al. 461

premature infants. Radiology 142: 85—88, 1982

6) Geggel, R.L., Pereira, G.R., Spackman, T.J.: Fractured ribs: Unusual presentation of rickets in premature infants. J.
Pediatr. 93: 680—682, 1978

7) Keipert, J.A.: Rickets with multiple fractured ribs in premature infant. Med. J. Aust. 1: 672—675, 1970

8) Lewin, P.K., Reid, M., Reilly, B.J., Swyer, P.R., Fraser, D.: latrogenic rickets in low-birth-weight infants. J. Pediat.
78(2): 207—210, 1971

9) Thomas, P.S., Glasgow, J.F.T.: Bone disease in infants with prolonged obstructive jaundice. Pediatr. Radiol. 2: 125—

132, 1974

WEFI604F 3 H25H (7)



