
OSSEOUS DYSTROPHY FOLLOWING ICTERUS
GRAVIS NEONATORUM:

GENERALIZED OSTEITIS FIBROSA WITH AREAS OF PIGMENTA-
TION OF THE SKIN AND PRECOCIOUS PUBERTY IN THE

FENMALE

BY

FRANCES BRAID, M.D., F.R.C.P.

(From the Children's Hospital and Maternity Hospital, Birmingham)

Since the institution of the treatment of icterus gravis neonatorum with
adult blood a number of babies so affected have survived. The extent to which
physical and mental defects occur in these survivals and the relationship of
the defects to the primary illness-whether consequent or merely con-
comitant-present problems of great interest and of considerable practical
importance.

The development of osseous dystrophy in one such case has already been
reported (Braid, 1932). That occurred in a male child in whom the jaundice
was associated with acholia and in whom pathological pigmentation of the skin
was present. The hypothesis then offered was that a function of the liver con-
cerned with the storage and utilization of vitamins had been damaged during
the period- of jaundice and that the disturbance of bone growth had thereby
ensued. McCune and Bruch (1937) published a case of 'osteodystrophia
fibrosa' in a female child who suffered from icterus gravis associated with
acholia, who had pathological pigmentation of the skin and developed signs
of hyperthyroidism and precocious puberty. Albright and his colleagues (1937,
1938) record in seven cases a ' syndrome characterized by osteitis fibrosa
disseminata, areas of pigmentation and endocrine dysfunction in the
female.'

These eight cases present a striking similarity to my original patient, who is
now ten years old. He has been under observation at frequent intervals, when
previous investigations have been repeated and liver function has been tested.
These are now recorded along with notes of a second case, a female now aged
two years who had icterus gravis neonatorum associated with acholia, who has
extensive pigmentation of the skin and who has developed an osseous dystrophy
similar to that in the first case. For access to this second case I am indebted
to Professor Parsons.
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ARCHIVES OF DISEASE IN CHILDHOOD

Case reports
Case l.-R. T., male, was born at home on November 5, 1928. He was the

second child of healthy parents and at birth weighed 7 lb. 10 oz. His mother
was quite well throughout the pregnancy and her first child had always been
healthy. About the second day he became jaundiced and on the tenth day
he bled profusely from the mouth and umbilicus, and on that account he was
admitted to the nursery at the Maternity Hospital. When first seen he looked
extremely ill, was deeply jaundiced and bleeding freely. A single dose of whole

FIG. 1.-Patient on October 13, 1932. FIG. 2.-Patient on January 4, 1934.

blood given intramuscularly arrested the bleeding; but for the next three weeks
his condition remained critical and the weight fell to 5 lb. 9 oz. The jaundice
was apparently stationary and the stools were consistently colourless. This
obstructive type of jaundice is now a well-recognized feature of icterus gravis.
On December 8 bile pigment was first detected in the stools. A gradual general
improvement then set in and at the age of seven weeks he was able to go home,
where he continued to make good progress. He was entirely breast-fed.
The yellow staining of the skin persisted for many weeks, and probably on that
account an extensive pigmentation of the right side of his face and neck and
shoulder region was not noted till he was between four and five months old.
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OSSEOUS DYSTROPHY FOLLOWING ICTERUS GRAVIS 183

The abnormality of his bones was discovered at the age of two years, when
persistent pain in his left thigh after a fall led to x-ray examination. Until
then his development, mental and physical, appeared to be quite normal,
except that he was unsteady on his feet and had a mild degree of simple hypo-
chromic anaemia. He has passed through various illnesses (measles, chicken-

FIG. 3.-Patient on August 13, 1935. FIG. 4.-Patient on July 17, 1937.

pox, mastoiditis), has had numerous fractures and has developed disabling
deformities. The entire osseous system has been involved. The changes in
the bones have not been strictly symmetrical and those of the left side have been
in advance of those of the right side. In the case of a fracture, healing has taken
place at a normal rate. He has been remarkably free from pain even when a
fracture has occurred.

3.
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ARCHIVES OF DISEASE IN CHILDHOOD

CONDMON IN OCTOBER, 1938: He was then ten years old. There was
marked deformity of the whole skeleton (fig. 1-4). He had a marked kyphosis
and anterior bowing of the sternum. The lower limbs were grossly deformed
and unable to support him. His head was larger than normal and was in-
creasing; a year before the circumference was 23 in. and in October, 1938,
24 in., the antero-posterior measurement was 15 in. and in October 151 in.,
the inter-meatal measurement was 13 in. and in October 14j in. The veins
of the forehead and face had become prominent. The original pigmentation
had not altered appreciably. He was quite normal mentally, but it had been
noted during the past two years that he was somewhat deaf. This may, of
course, be due to his early mastoiditis, but as it has appeared comparatively
recently, it is more probably due to pressure on the auditory nerve by the
deformed skull bones. There was no evidence of otosclerosis (F. D. Marsh).
Optic atrophy was also present, and as it was of recent development it might be
due likewise to pressure on the optic nerves at the optic foramina. It is true,
however, that optic atrophy is found in some cases of icterus gravis in whom
there are no bone changes, but in them it is associated with other lesions of the
central nervous system, the so-called kernikterus. In this case no other sign
of lesion of the central nervous system has been found. Other organs
were apparently normal, but the pulse rate was rather high, 90-120 per
minute.

Laboratory investigations.-For convenience these will be described under
three headings: (1) those concerned with mineral metabolism; (2) those
concerned with liver function ; (3) any other relevant investigations.

(1) THOSE CONCERNED WITH MINERAL METABOLISM.-The calcium, phos-
phorus and phosphatase of the blood serum have been estimated frequently
over a number of years. The calcium has ranged from 8-4 mgm. per cent. to
11 2 mgm. per cent., and the phosphorus from 1-7 mgm. per cent. to 4-9 mgm.
per cent. In view of the possible presence of liver cirrhosis the influence of
liver extract on the ratio of calcium to phosphorus was observed. Campolon
was given intramuscularly in 2 c.c. doses on alternate days for periods of two
weeks, but no constant alteration was obtained. Liver extract given orally
made no constant difference. Nor was any improvement in the x-ray appear-
ance of the bones obtained after many weeks. The phosphatase has risen
gradually but steadily, and has reached the high figure of 171 (mgm. of phos-
phorus liberated by 100 c.c. of serum when incubated at 37° C. for three
hours).

TABLE I

CALCIUM, PHOSPHORUS AND PHOSPHATASE OF THE BLOOD SERUMf

MONTH

AVERAGE iV ix iV Xii Xi i iV viii iniii ix
VALUE

YEAR

1931 1931 1932 1932 1933 1934 1934 1935 1935 1936 193611937
Ca: mgm.percent. 10 9-8 10-56 8-97 10-8 11-2 10-14 11 9-2 10-5 10-4 9-6 1-04
P: mgm. per cent. 5 - 4-92 4-95 3-21 2-6 4-29 1-7 34 3-4 3-1 3-5 3-0
Phosphatase .. 6-10 43 - 16 - - - - 134 152 162 1711153
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OSSEOUS DYSTROPHY FOLLOWING ICTERUS GRAVIS 185

Calcium and phosphorus metabolism experiments were made in 1931
over a period of three days, in 1932 over a period of five days and in 1937 over
a period of five days on both a low and a high calcium diet. On each occasion
there was a positive balance and at no time has there been any evidence of high
urinary excretion of calcium (table 2).

TABLE 2

CALCIUM AND PHOSPHORUS METABOLISM
DAILY AVERAGE IN GRAMMES

OUTPUT
DATE INTAKE BALANCE

STOOL URINE TOTAL

April, 1931, 3 days Ca 1-1788 0-373 0-011 0 384 +0 7948
P 0-9641 0 1406 0 3340 0 4746 +0 4895

December, 1932, 5 days Ca 1-017 0 644 +0 373
P 1-024 0.063 +0-961

October, 1937, 5 days Ca only 0-184 0 094 0-004 0.098 +0 086
November, 1937 Ca only 1-469 0 878 0 009 0 887 +0 582

Sulphur metabolism has been examined on one occasion. On a well-
balanced diet of 1500 calories the daily average intake of sulphur over a period
of five days was 819 mgm. ; the corresponding faecal output was 257 mgm.
and the urinary output was 451 mgm.-that is, a total output of 708 mgm., or a
total retention of 12 per cent. of the intake of sulphur.

(2) THOSE CONCERNED WITH LIVER FUNCTION.-It is a fact that cirrhosis of
the liver may develop in affected children who survive. Pfannenstiel (1908)
describes changes suggesting an early biliary cirrhosis in an infant who died
on the twenty-first day; Hawksley and Lightwood (1934) found signs of hepatic
cirrhosis in seven out of nine patients who lived for more than five weeks;
and Braid and Ebbs (1937) found an advanced atrophic cirrhosis in one who
died at the age of three and a half years. It seems worth while, therefore, to
attempt to estimate the function of the liver in surviving children. This is
admittedly difficult, but in dealing with an organ so complex in its functions
even one positive result is of considerable significance.

(a) Protein metabolism: In the opinion of Mann and Bollmann (1926)
tests concerned with protein metabolism offer a hopeful means of detecting
liver dysfunction. They found that the function most easily impaired in dogs
is that concerned with the destruction of uric acid, and that the amount of uric
acid excreted in the urine was increased in direct proportion to the amount of
liver removed. They consider that this may be of use in testing liver function
in man. The blood uric acid and the output of uric acid have therefore been
observed in this case. The fasting level of the uric acid in the blood was found
to be high-6*1 mgm. per cent. as compared with an average normal of 3 mgm.
per cent. On an ordinary diet (November, 1937) there was an output of
354 mgm. of uric acid in the urine in twenty-four hours and after a meal rich
in nucleoprotein (3 oz. of chicken and 3 oz. of pancreas) 431 mgm. uric acid
were excreted in twenty-four hours. This test was repeated in October, 1938.
The daily urinary output (average of three days) was 302 mgm. of uric acid on
ordinary diet and the daily output (average of three days) after a meal rich in
nucleoprotein was 321 mgm. In one control case, a child of similar age but
suffering from arthritis of the hip, the corresponding figures were 373 mgm.
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ARCHIVES OF DISEASE IN CHILDHOOD

and 302 mgm. ; in a second control case, a child of similar age but suffering
from asthma, the corresponding figures were 267 mgm. and 298 mgm.

The manufacture of urea by de-aminization of amino-acids is a function
peculiar to the liver, and may be examined by estimation of the blood urea and
amino-acid nitrogen. The effect of a high protein meal on the blood urea
was observed on three occasions. In 1934 it rose from a fasting level of
22 mgm. per cent. to 24 mgm. per cent. in four hours after a meal of 4 oz. of
chicken. Similarly, it rose from 22 mgm. per cent. to 38 mgm. per cent. in
four-and-a-half hours in 1936 and in 1937 from 21 mgm. per cent. to 42 mgm.
per cent. in three-and-a-half hours. In 1937 the amino-acid nitrogen was ob-
served at the same time and was found to be high relative to the urea. This is
probably of more significance than the actual level of the blood urea (table 3).

TABII 3

BLOOD UREA AND AMINO-ACID NITROGEN AFTER A HIGH PROTEIN
MEAL IN MGM. PER CENT.

AVERAGE
VALUE PATIENT

FASTING FASTING 1 HR. 2 HR. 3 HR. 3' HR.

Urea .. .. 30 21 25 25 36 42
Amino-acid nitrogen 60 7-8 7-1 7-1 7-5 8-1

These results are not without interest, but in estimating their significance
the position at once arises that there are no comparable figures for the same
tests applied to normal children. It appears that the blood uric acid in this
case is definitely raised, as also the urinary excretion of uric acid, and there is
a definite disturbance of the ratio between the urea nitrogen and the amino-
acid nitrogen. These facts suggest that the liver is deficient in function con-
cerned with protein metabolism.

Estimation of the blood proteins has shown that the albumin and fibrinogen
are normal, whilst the globulin is low. The total protein is low and is becoming
gradually lower. The Takata-Ara reaction was positive at one time, but at
the last estimation in 1937 was negative.

TABLE 4

BLOOD (PLASMA) PROTEINS IN GRAMMES PER CENT.

ALBUMIN GLOBUUN FIBRINOGEN TOTAL PROTEIN

1931 .. . .45-96
1934 . - -- 587
1935 .. . .. 3-80 1-57 0-50 5-87
1938 .. .. .. 3-33 1-82 0-52 5-67

Normal .. .. .. 3-8-4 2-5-2-6 0-15-0-6 65-7

(b) Fat metabolism: Mann and Bollmann did not observe any demon-
strable changes in the cholesterol of the blood following total removal of the
liver. On the other hand, in the Annual Review of Biochemistry (1937) it is
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OSSEOUS DYSTROPHY FOLLOWING ICTERUS GRAVIS 187

stated that a drop in the ratio of ester to total cholesterol in the plasma appears
to be a prominent feature of liver injury. In the normal adult this figure varies
from 2: 3 to 3: 1. Figures for children are not available. The blood fat
has been analysed on two occasions and the results obtained are recorded in
mgm. per cent. (table 5).

The normal total cholesterol is of importance in considering the differentia-
tion from xanthomatosis generalisata ossium, in which condition it is usually
high.

TABLE 5

ANALYSIS OF BLOOD FAT IN MGM. PER CENT.

NOV. 1937

Total fatty acids
Total cholesterol
Phospholipoids ..
Free cholesterol
Combined cholesterol
Neutral fat

OCT. 1938 NORMAL ADULT

300 353
147 162
211 196
26 47

121 115
82 154

Fat balance was estimated in 1932 over a period of five days. The average
daily intake was 45-8 grammes and the average daily output was 2- 15 grammes.

Faecal fat analysis shows that there is no defect of fat digestion or absorption
(table 6).

TABLE 6

ANALYSIS OF FAECAL FAT

PERCENTAGE FAT OF DRIED FAECES

DATE DIET EXCRETION
FREE PER DAY IN

TOTAL UNSAP. SAP. FATTY NEUTRAL GRAMMES
ACIDS

4/31 average Almata and 39-1 16-1 23 3-8 12-3 1 8
3 day milk

5/31 : average Ordinary 29-1 15 2 13 9 11-8 3-4 1-2
3 day diet

4/32 * average ,, 252 10-6 14 7 7-4 3-2 2 4
3 day

12/32 * average 24-7 7-1 17-6 5-5 1-6 2 15
5 day

11/37 .. .. 191 8-7 10-4 3-2 5-5 1-51

NORMAL.. .. 20-25 - 15 5 2 2

(c) Carbohydrate metabolism has been examined at various times and there
appears to be an impaired utilization of sugar such as is observed in cases of
liver disorder. The results obtained by oral test are not constant, indicating
probably some irregularity in absorption (table 7).
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ARCHIVES OF DISEASE IN CHILDHOOD

TABLE 7

ORAL SUGAR TEST
(BLOOD SUGAR IN MGM. PER CENT.)

FASTING 30 GRAMMES
LEVEL

MINsUTES AFTER ADMINISTRATION

20 30 40 60 90 120 150

25/11/33 .. 69 Laevulose 72 - 72 116 79 67
26/11/37 .. 96 Laevulose 115 115 115 111 94 90 94
24/9/37 . .. 87 Glucose 115 - 152 148 130 118 106
171/10/38 .. 90 Glucose 132 - 200 114 120 80 96

The intra-venous glucose tolerance test was carried out in 1935, but owing to
a misunderstanding it was done during a period when campolon was being
given and the results obtained were thereby confused. In 1937 and in 1938
this test was carried out under normal conditions and a delay in the fall of the
blood sugar was shown (table 8).

TABLE 8

BLOOD SUGAR IN MGM. PER CENT. AFTER INTRAVENOUS DOSE OF
10 GRAMMES GLUCOSE

PATIENT
TnME (MINUEs) NORMAL

2/9/37 1 1/1038

Fasting 90 87 101
2 260 213 256
4 250 206 234
6 227 200 213
8 203 174 189
10 183 163 173
15 156 151 156
20 132 143 150
30 111 125 142
40 97 110 130
50 88 87 116
60 90 78 99

(d) Excretory function.-A high level of serum phosphatase is a feature of
generalized disorder of bone, but it is also a feature of liver disorders. It has
been shown by Armstrong, King and Harris (1934) that in experimental obstruc-
tive jaundice the serum phosphatase rose progressively; when the obstruction
was relieved the recovery was accompanied by a fall in the phosphatase to its
initial value. Roberts (1933) finds that there is an increased activity in the
obstructive type of jaundice. Herbert (1935) confirms this and states that the
phosphatase level bears no constant ratio to the degree of jaundice. Other
workers have made similar investigations and observations, but an explanation
of the findings is still wanting. Armstrong and Banting (1935) in considering
the function of the phosphatase in the serum suggest that it is being carried there
for the purpose of being excreted through the liver. The unusually high figures
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OSSEOUS DYSTROPHY FOLLOWING ICTERUS GRAVIS 189

in this case, along with the other evidence of liver failure, tend to support that
suggestion and to indicate a failure of the excretory function of the liver. The
high serum phosphatase related to the bone dystrophy has become excessively
high because the normal excretion by the liver is not taking place.

(3) OTHER RELEVANT INVESTIGATIONS.-Blood vitamins, A, B, and C were
estimated on 29.9.38 and were found to be below the normal level.

VITAMIN A .. .. 17-8 units per cent. (Clausen)-normal 20
VITAMIN B .. .. 39 mgm. per cent. pyruvic acid-normal 3-4
VITAMIN C .. .. 0-92 mgm. per cent. ascorbic acid-normal 1-25

The urine has contained an excess of urobilinogen since 1934. No Bence-
Jones protein has been found and nothing to suggest any disease of the kidneys.
The blood urea has always been at a low level.

The Wassermann reactions of the child and of his mother are negative.
The rabbit test for parathormone content of the blood has been carried out

and no excess was found.
Blood analysis shows no abnormality of importance (table 9).

Biopsy. A piece of bone was removed from the shaft of the left tibia in
December, 1938, and Professor Haswell Wilson has kindly supplied the follow-
ing report.

No definite bony wall is recognizable, and this portion of the shaft of the
tibia consists partly of hyaline cartilage and partly of coarse bony trabeculae.
The cartilage is extremely cellular, with occasional small areas of calcification
and on its inner aspect it merges into small spicules of imperfectly formed bone.
The bony trabeculae are unevenly calcified and contain only occasional
Haversian canals. There is no appearance ofa lamellar structure, and canaliculi
are scanty. Osteoblasts are present in small numbers at the periphery of the
trabeculae, and there are occasional osteoclasts embedded in small depressions
in the bone. The interstices between the trabeculae are completely filled by

FIG. 5.-Case 1. Section of bone removed from left tibia (low power).
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FIG. 6.-Case I. X-raY appearanc,
October 2, 1930.

FIG. 8.-Case 1. X-ray appearances,
November 7, 1933.

FIG. 7.-Case 1. X-ray appearances,
November 7, 1933.

FIG. 9.-Case 1. X-ray appearances,
October 27, 1938.
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OSSEOUS DYSTROPHY FOLLOWING ICTERUS GRAVIS 191

TABLE 9

BLOOD ANALYSIS

AUG. 1930 DEC. 1930 FEB. 1938 SEPT. 1938

Red blood cells, millions per c.mm. 3 755 4-320 4-470 4-670
Haemoglobin, per cent. .. .. 58 61 90 89
Colour index .. .. .. 077 0-7 101 0-96
Reticulocytes, per cent. .. .. 03 0-3 I-4 0-6
White blood cells, per c.mm. .. 7,550 - 8,700 12,900
Polymorphs, per cent. .. . 28 43
Polymorphs (non-segmented), per

cent. 1. .. .. - 6 18
Eosinophil (segmented), per cent. . . 1 3
Basophil, per cent. .. .. 2 2
Large lymphocytes, per cent. .. 31 18
Small lymphocytes, per cent. .. 8 7
Monocytes, per cent. .. 14 9
Films . .. .. .. Some Normal

anisocytosis

cellular and fairly vascular fibrous tissue, resembling that seen in osteitis fibrosa.
There is no appearance of bone-marrow and the inner part of the specimen
consists of hyaline cartilage of uneven consistence, with irregularly arranged
cartilage cells and small areas of calcification. The line of junction between
this cartilage and the bony trabeculae on the surface is extremely irregular,
with a number of clefts and depressions filled by spongy-looking osteoid tissue
(fig. 5).

X-ray report (Dr. C. G. Teall, October, 1938).-The radiographs at first
showed increased diameter of the bones with thinning of the cortex, these changes

FIG. 10.-Case 1. X-ray appearances, October 27, 1938.

being shown chiefly in the femora. Later there was a cystic appearance at the
ends of the diaphyses, a progressive increase in the diameter of the bones with
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ARCHIVES OF DISEASE IN CHILDHOOD

deformities and bending. Fractures appeared owing to the weakened bone
structure. These changes became progressively more obvious as time went on,
all the bones being affected more or less. The skull was not affected until
late, but a similar type of change gradually appeared, until the whole bone
structure became much expanded. The condition in the skull progressed in
much the same way as it did in the long bones, until it was impossible to recognize
any normal bone structure. The end result to date shows an extraordinary
type of bone dvscrasia, in which the normal structure and architecture of the
bones is completely lost. This is associated with marked deformities which
have resulted from softening of the bones, and with fractures which have resulted
from the mechanical weakness (fig. 6-13).

The only other bone dyscrasia of a similar type seen in the x-ray department
of the Birmingham Children's Hospital has occurred this year in the case of
1. D. (case 2, below). The bone changes (fig. 16-17) in this patient are similar
in type and also progressive, but so far have not produced anything like the
marked changes seen in the case of R. T. (case 1).

FIG. 11.-Case 1. X-ray appearances
of skull, May 29, 1931.

FIG. 12.-Case 1. X-ray appearances of
skull, November 24, 1937.

FIG. 13 -Case 1. X-ray appearances of skull, October 27, 1938.

192

.t
4'.

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.14.79.181 on 1 S

eptem
ber 1939. D

ow
nloaded from

 

http://adc.bmj.com/


OSSEOUS DYSTROPHY FOLLOWING ICTERUS GRAVIS 193

FIG. 14.-Appearance in Case 2, 1938. FIG. 15.-Appearance in Case 2, 1938.

Case 2.-I. D., female, the first child of healthy parents was born on
September 6, 1936. She was jaundiced at birth and bled from the mouth,
bowel, and umbilicus at the age of one week. Bleeding was arrested by 10 c.c.
of horse serum, but the jaundice persisted and the stools were putty-coloured.
When seen at the age of three weeks she was still jaundiced, had a slight degree
of anaemia but was not wasted. The liver and spleen were not enlarged. An
extensive pigmentation of the skin of the left side of the face, back of the head
and right side of the back (fig. 14-15) was first noticed at the age of three months,
and this has remained. At age of 1l years the first of a series of fractures-left
femur, right femur, left humerus, second left metatarsal-occurred and x-ray
examination revealed the abnormal condition of all the long bones (fig. 16-17).
Now she is small for her age but of healthy appearance, and her mental develop-
ment is quite normal. There had been no evidence of precocious sexual
development or other endocrine disorder until March, 1939 (age 21 years),
when enlargement of the breasts was noticed and she had a menstrual period
which lasted for nine days.

Laboratory investigations.-These have been carried out on the same lines
as in the first case, but owing to her age have been more restricted.

(1) THOSE CONCERNED WITH MINERAL METABOLISM.-The serum calcium
has varied from 10-8 mgm. per cent. to 11-2 mgm. per cent. and the phosphorus
from 2-1 mgm. per cent. to 3-8 mgm. per cent. The serum phosphatase is
above normal, 16-2 units in April, 39-7 units in June, and 21-4 units in August,
1938. Calcium and phosphorus metabolism was examined on a diet of milk
and Almata, and was found to be within normal limits (table 10).

(2) THOSE CONCERNED WITH LIVER FUNCTION: Plasma proteins have been
examined in April and in September, 1938, and on each occasion have been
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ARCHIVES OF DISEASE IN CHILDHOOD

found to be normal. The average figures were albumin 3 44 grammes, globulin
2-47 grammes, and fibrinogen 0-71 grammes, total 6-62 grammes per cent.

TABLE 10

CALCIUM AND PHOSPHORUS METABOLISM

DAILY AVERAGE IN GRAMMES

The fasting blood urea was 28 mgm. per cent. and the amino-acid nitrogen
5-5 mgm. per cent. The uric acid was 0 9 mgm. per cent. The cholesterol was
220 mgm. per cent. in April and 200 mgm. per cent. in September, 1938.

Analysis of the stools showed that fat digestion and absorption were normal
(table 11).

TABLE 11

ANALYSIS OF STOOLS, AVERAGE OF 5 DAYS

Dried faeces
Total fat
Unsaponified fat
Saponified fat . .
Free fatty acid . .
Neutral fat

Daily output . .

. . 20 grammes.

. . 20-6 per cent. of dried faeces.

. . 17-1 per cent. of ,, .

. . 3-5 per cent. of , ..

. . 9 3 per cent. of , ..

. . 7-8 per cent. of ,

. . 0-824 grammes fat.

The intravenous glucose tolerance test shows a normal curve. The urine
contains an excess of urobilinogen and is otherwise normal. The van den
Bergh reaction is negative.

(3) OTHER RELEVANT INVESTIGATIONS.-Blood vitamins have been estimated
and all are low, as in the first case:

Vitamin A ..
Vitamin B ..
Vitamin C . .

.. 13 units per cent. (Clausen)-normal 20

.. 3-8 mgm. per cent. pyruvic acid-normal 3*4

.. 0-83 mgm. per cent. ascorbic acid-normal 1 25

The Wassermann reaction is negative.
Blood analysis shows no abnormality of importance (table 12).
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FIG. 16.-Case 2. X-ray appearances, FIG. 17.-Case 2. X-ray appearances.
September 1, 1938. September 1, 1938.

TABLE 12

BLOOD ANALYSIS

28.9.36 2.10.36 5.4.38 12.5.38 24.9.38

Redbloodcells,millionsperc.mm. 405 4-3 5-57 6-8 5-29
Haemoglobin, per cent..... .. 74 80 58 82 90
Colour index .. .. .. 0-92 0-96 0-52 0 60 0-86
Reticulocytes per cent. 1-....1-7 1-8 0-6
White blood cells, per c.mm. .. 12,400 19,800 14,400 17,700
Polymorph neutrophils (seg-

mented), per cent. .. .. - 29 45 40 30-5
Polymorph neutrophils (non-

segmented), per cent. .. 45 28 10 7-5
Basophils, per cent. .. .. - 2 1
Eosinophils, per cent. .. . --- 4
Large lymphocytes, per cent. 8 22 27 31
Small lymphocytes, per cent. . - 8 8 14 21-5
Monocytes, per cent. .. .. 10 7 7 4
Bleeding time .. .. .. 2-2 min.
Coagulation time .. .. 24-3 min.
Film .. .. .. .. Hypochromia and anisocytosis slight hypochromia

Biopsv has not been done in this case.
The x-ray appearance of the bones is shown in fig. 16 and 17.
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Comment
These two cases are alike in their history of neonatal jaundice of the icterus

gravis type associated with acholia, in the presence of pathological pigmentation
of the skin and in the fragility and x-ray appearance of their bones. To this
extent they resemble the case recorded by McCune and Bruch (1937). In the
older child there is evidence of some dysfunction of theliver and in the younger
child the excess of urobilinogen in the urine is as much evidence as might be
expected at her present age. They will therefore be discussed together; they
will be compared briefly with some known conditions characterized by a similar
generalized disorder of bone and the possible explanation of its occurrence
here will be offered.

In osteitis fibrosa cystica due to hyperparathyroidism the x-ray appearance
is similar to that shown in these cases, and the serum phosphatase is high in
the cases of hyperparathyroidism in which definite bone changes have developed.
But the absence of hypercalcaemia and of hypercalcuria, the positive calcium
balance, and the negative rabbit test for excess of parathormone in the blood
in case 1 would appear to rule out that diagnosis. Absence of pain is unusual
in hyperparathyroidism. Paget's disease has been considered. In a series of
154 patients suffering from Paget's disease the youngest was aged twenty-seven
years and only thirty were under fifty years (Brailsford, 1938). Cases in children
have been recorded, the disease being limited to one bone. In Hummel's
(1934) two cases pathological pigmentation of the skin was present. Pain
is a common feature of Paget's disease and is conspicuously absent in these
cases. The affected bones support the individual in Paget's disease, but they
do not do so here. The calcium metabolism is similar and likewise the high
blood phosphatase. The sulphur metabolism does not correspond to that
which, according to Rabinowitch (1932), differentiates Paget's disease from
other generalized bone disorders. He claims that in osteitis deformans alone
a negative balance is found. In his case there was a loss of 15 per cent. He
quotes two cases in one of which there was a positive balance of 2-3 per cent.
and in the other a negative balance of 43-8 per cent. In the older child the
sulphur metabolism was estimated over a period of four days and found to
show a retention of 12 per cent. of the intake of sulphur. The x-ray
appearances are not unlike those reported by Fairbank (1927) as the cvstic type
of osteogenesis imperfecta. In that condition fractures heal slowly, as compared
with the normal rate of healing in the cases now considered, and the serum
phosphatase is not raised. Hansen (1934) found the serum phosphatase to be
normal in four cases and at autopsy of one child aged seven years, it was normal
in the blood serum, while in the periosteum and subperiosteal structure, where
it is normally abundant, there was almost complete absence of phosphatase.
Kay (1930) reported that the phosphatase was slightly increased in some cases,
while Bodansky and Jaffe (1934) found it to be normal in six cases. Snapper
and Parisel (1933) described a case of xanthomatosis generalisata ossium
in a young girl who was mentally retarded and who showed evidence of preco-
cious puberty. Hypercholesterolaemia is the usual feature in such a case and
the lesions are not accompanied by marked swelling of the bones affected.
The histological examination of the bone excludes that condition. The pig-
mentation of the skin raises the question of von Recklinghausen's disease, but
the bone lesions in that condition are in the nature of subperiosteal or cortical
cysts. It may be noted in passing that pigmentation of the skin has not been
present in those cases of icterus gravis in which a bone lesion has not developed.
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Multiple cystic tuberculosis of the bones need hardly be considered, for there
is no suggestion of tuberculosis in either case. Nor is there any evidence of
renal disease, which might account for the changes in the bones.

The cases now recorded show important differences from those recognized
conditions. But, as already mentioned, they do resemble unclassified cases
which have been described recently in the American literature.

That described by McCune is of particular interest. The case is a female
who in the first few days of life developed jaundice, the intensity and duration
of which were such as to lead to a diagnosis of congenital atresia of the bile-
ducts, a picture now recognized as one type of icterus gravis. The exact dura-
tion of the jaundice is not known. When the child was two years old, the
parents became aware of numerous patches of pigmentation of the skin. At
the age of one year bowing of the legs was first noticed and by the age of two
years the deformity had so increased that locomotion became impossible. At
the age of three years various osteotomies were done; healing took place
promptly. At the age of three and a half years she sustained the first of a series
of fractures. Another point of importance in her story is the evidence of pre-
cocious puberty. Menstruation began at two years and by the age of four years
she was sexually mature. She also developed signs of hvperthyroidism at the
early age of four, and by nine years the picture of hyperthyroidism was complete.
Laboratory investigation showed that the blood calcium was 10-4 mgm. per
cent. and the phosphorus 4-5 mgm. per cent. Calcium metabolism experiments
on two occasions showed a positive balance, and there was never a high urinary
calcium. The blood phosphatase was high. The neck was explored for
parathyroid tumour, but none was found. The x-ray appearance, McCune
says, was that of a diffuse and cyst-like osteoporosis sometimes accompanied
by areas of sclerosis. The changes were considerably more advanced on the
right side than on the left. He surveyed similar cases in the literature, excluded
various etiological factors, but did not offer an explanation of the condition.
Albright and his colleagues described seven cases, three male and four female,
under the title ' syndrome characterized by osteitis fibrosa disseminata, areas of
pigmentation and endocrine dysfunction with precocious puberty in the female.'
In some of their cases exploratory operation had been carried out in search of a
parathyroid tumour without success. Pigmentation was a constant feature
and they suggested that its extent and situation bear some relation to the extent
and situation of the bone lesion. Precocious puberty was a feature in all the
females and in one male they thought there was a slight precocious bone develop-
ment. In describing the x-ray appearance they said that the lesions tend to be
unilateral; in almost all cases they are regional and tend to group themselves-
e.g. in one digit or in one entire extremity; when the skull is involved there is
less tendency to unilateral distribution. In discussing the nature of the bone
lesion, they remarked that the distribution is not that of a metabolic disease.
They thought that the amount of pigmentation varies roughly with the degree
of involvement of the skeleton and bears some relation to the site of the bone
lesion. In some, skin and bone lesions are confined to one side; in more, the
bone lesions are predominant on one side, and in a few bone changes are exten-
sive. This, they say, suggests an embryological or neurological disturbance.
In the two cases now recorded the bone lesions happen to be extensive; in one
case the pigmentation is not so extensive and is on the right side while the bone
changes are somewhat greater on the left side. The precocious puberty and
endocrine dysfunction in the females is difficult to explain. Albright suggests
that as the gonad-stimulating hormones are known to be present in the anterior
pituitary long before puberty, it may be that some releasing mechanism has
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been brought into play and that it may be this releasing mechanism which is
disturbed in the disease under consideration. He finds it impossible to accept
a primary hormonal theory when the disease may be unilateral, and easier to
believe 'that a hypothetical neurologic disturbance which causes the bone and
pigment changes likewise initiates the endocrine disturbance.' The mental
defect of one case adds weight to the theory that the condition is due to a wide-
spread disorder of nervous tissue.

In looking for an explanation, the initial jaundice in the two cases now
reported and in that of McCune cannot be ignored; and the absence of mention
of jaundice in Albright's cases does not exclude the possibility that it may
have been present, for jaundice of the new-born from which an infant survived
has hitherto been passed over frequently as a simple physiological jaundice
and soon forgotten. The mental defect, details of which are not given, in
one of his cases may indeed add weight to the theory that the whole condition
is the result of a widespread disorder of the nervous tissue, but mental defect
is also a well-known sequel to icterus gravis neonatorum. The distribution
of the bone lesions in the present two cases does not render the theory of an
etiological metabolic basis an unreasonable one to pursue, although the striking
asymmetry in McCune's case and in some of Albright's cases does raise some
doubt on this point; yet the metabolic theory cannot be dismissed on that
ground alone, for in renal rickets, for example, 'the changes in the bones are
not seen to an equal extent throughout the long bones nor are thev symmetrical'
(Teall, 1934). An important sequel to icterus gravis is cirrhosis of the liver,
and it may be that the etiological disorder of metabolism is the result of dis-
ordered function of the liver, evidence of which has been found in at least one
of these cases ; there is both experimental and clinical evidence that a relation-
ship does exist between liver disorder and bone dystrophy and between liver
disorder and impaired use of vitamins, as shown in xerophthalmia.

Experimental evidence.-Buchbinder and Kern (1927) produced obstructive
jaundice in puppies by ligaturing the common bile-duct. After sixty to seventy
days there was 'a high grade rarefaction, cortical thinning with relatively wide
open spaces, and a lack of contrast generally . . . one animal developed
bilateral cysts in the bones.' They considered that the growth factor was
important, for they foundlittle or no change in adult dogs under similar condi-
tions.

Greaves and Schmidt (1934) tested the action of viosterol in jaundiced
rachitic rats in a series of well-controlled experiments. They gave viosterol
orally and subcutaneously to rachitic rats in which the bile duct was ligated
and divided, and also to rachitic rats in which laparotomy alone was performed.
In the jaundiced rats it was found that viosterol was less potent than in non-
jaundiced rats, whether given orally or subcutaneously, and they conclude that
the jaundice was the cause of the diminished potency. They sought to show
that this was not due to direct inactivation of the ergosterol by combination
with bile acids, and this they did by administering orally and subcutaneously
a mixture of viosterol and bile to non-jaundiced rachitic rats. In them the
healing took place to the same degree as when viosterol alone was used. They
considered that their experiments did not show that there is either diminished
storage of vitamin D by the jaundiced liver or increased excretion by the
jaundiced kidneys, and suggested that the failure of viosterol to aid calcification
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in jaundiced rats may be due to injury to or impaired function of the osteogenetic
cells as a result of the jaundice. But they found no histological evidence of
injury to these cells which might support this thesis.

Stimulated by the clinical observations of Gerstenberger (see below), Hey-
mann (1938) conducted a series of experiments to study the anti-rachitic efficacy
of vitamin D in rats in which cirrhosis of the liver had been induced by ligature
and transection of the common bile duct or in which the liver had been damaged
by carbon tetrachloride. Ten to twelve times as much vitamin D was needed
to cure rickets in these rats as in rachitic rats in which cirrhosis had not been
produced. To see if accumulation of bile in the tissues might have interfered
with the calcifying property of osteogenetic cells 10 per cent. aqueous solution
of sodium glycerophosphate was given intramuscularly. As calcification took
place in the epiphyses of rachitic rats whether jaundiced or not, they concluded
that the osteogenetic cells are not impaired in severe jaundice, as assumed by
Greaves and Schmidt, and suggested that the diminished potency of vitamin D
in rats with cirrhotic livers is the result of impairment of some particular
function of the liver. They believe that their experiments confirm the clinical
observations of Gerstenberger.

Clinial evidence.-Gerstenberger (1933) under the title ' hepatic rickets'
described the occurrence of rickets in three children who also had cirrhosis of
the liver. In two, aged about six months, this was secondary to congenital
obliteration of the bile ducts, and in the third who was observed up to the age
of twenty-seven months, the cause of the advanced cirrhosis found at autopsy
was not known. These children developed rickets in spite of an adequate
anti-rachitic diet and no improvement took place when treated with adequate
doses of cod-liver oil or with the mercury vapour lamp. The blood phosphorus
was low and the blood calcium was at a normal level. Fat absorption was about
50 per cent. in the two infants and in the older child between 80 and 90 per cent.
He concluded that these children developed rickets which did not respond to
the usual treatment because some function of the liver necessary for the use of
irradiated ergosterol had been disturbed. Sneider and Weidmann (1935)
in making observations on utilization of vitamins in Paget's disease came to
the conclusion that there was some similar disturbance of the liver. An
impaired utilization of vitamin A has also been noted. Wagner (1933) observed
that children in whom there was some deficiency of liver function developed
xerophthalmia more readily than did children in whom the liver was normal.
Mellanby (1934) refers to a case of xerophthalmia in a man who had plenty of
vitamin A in his diet but who had cirrhosis of the liver. He suggests that this
may be due to 'non-functioning of the liver in preparing vitamin A to carry
out its normal work.'

In the light of these experimental and clinical observations the results
ofinvestigation of liver function in the two cases now recorded deserve considera-
tion in an attempt to explain the osseous dystrophy. In the two-year-old child
an excess of urobilinogen in the urine is the only suggestion of liver defect
which has yet been detected, and, taken by itself, is of limited significance.
But more importance may be attached to it when taken in conjunction with the
evidence of liver dysfunction in the ten-year-old child. In him an excess of
urinary urobilinogen has been detected since he was six years of age; the total
blood protein was first noted at the age of two years, when it was lower than
normal, and it has become progressively lower, the globulin being chiefly
affected; the ratio between urea and amino-acid nitrogen in the blood is upset,
indicating a diminished capacity to manufacture urea ; the blood uric acid is
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high and the urinary output is high, indicating a diminished capacity to destroy
uric acid; the glucose tolerance test shows an impaired capacity to utilize
sugar. With these indications of liver dysfunction it is not unreasonable to
presume that other functions which cannot at present be demonstrated are also
impaired. It may well be that the function concerned with the storage and
utilization of vitamins is impaired-indeed, the level of vitamins in the blood
in both cases is lower than the average normal level-and the osseous dystrophy
may be directly attributed to the liver dysfunction.

The female child began to menstruate at the age of two-and-a-half years.
Such signs of endocrine disorder appear to be a constant feature in other female
cases quoted from the literature. When they occur they may be due, as
Albright suggests, to a disturbance of a releasing mechanism which normally
controls the gonad-stimulating hormones in the anterior-pituitary. Does the
liver exert any such control, and if so would dysfunction of the liver upset the
normal mechanism of other endocrine organs ? Or, in view of the fact that a
lesion of the central nervous system is known to occur in some surviving cases
of icterus gravis, may not the endocrine disturbance be due to a central nervous
lesion ? That does not explain why the endocrine disturbance is apparently
sex-limited. Pigmentation of the skin is present in all cases noted, and the
fact that it is not a feature of cases of icterus gravis who do not develop bone
dystrophy is probably not without significance. This observation is merely
recorded and no explanation attempted.

No solution of the problem can be complete until the etiology of icterus
gravis itself is known, and that is still wrapped in obscurity. Whether one inclines
to the belief that the disease is a primary abnormality of metabolism of the
haematopoietic system, resulting in an outpouring into the blood stream of red
cells which undergo rapid haemolysis, or to the belief that the erythroblastosis
is secondary to a haemolysis resulting from some unknown toxin, the fact
remains that an explanation for either an abnormality of the haematopoietic
system or for the presence of a haemolytic toxin is still required. A toxin
which might be responsible has not yet been found, in spite of many investiga-
tions. An abnormality of the haematopoietic system may be an inherited defect.
The familial nature ofthe disease, the development ofcirrhosis ofthe liver similar
to that found in familial liver cirrhosis, and the occurrence of congenital mal-
formations in some cases of icterus gravis suggest that the inheritance factor
should be considered. In a recent study along this line Macklin (1937) concludes
that ' icterus gravis is probably due to a dominant mutation occurring in the
germ plasm of one of the parents. One does not find long pedigrees showing
direct line of descent, for the disease usually ends in the death of the affected
infant. . . . It recurs in the population only as the germ plasm of some person
undergoes the appropriate mutation.' Some of the children who survive with
present-day treatment may reach reproductive age and will thus support or
confute the inheritance theory. Should it be ultimately proved that icterus
gravis is due to an inherited defect then the question must arise whether what
are now regarded as sequels to the disease may be merely associated congenital
developmental defects.
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Summqay
(1) Two cases are recorded with icterus gravis neonatorum, acholia, and

a pathological pigmentation of the skin, and the same type of osseous dystrophy.
The female shows precocious sexual development. Similar cases from the
literature are quoted.

(2) Report of biopsy of the bone in the older child is given.
(3) Evidence of dysfunction of the liver is presented and the relation between

liver dysfunction and bone dystrophy is discussed. Cirrhosis of the liver is a
known sequel to icterus gravis neonatorum.

(4) It is argued that in these cases the bone dystrophy is the result of failure
of the liver to store and utilize vitamins and is therefore a sequel to icterus gravis
neonatorum.

(5) No explanation can be considered complete, however, until the problem
of the etiology of icterus gravis itself has been solved.

Thanks are due to Professor L. G. Parsons for permitting reference to his
case, to Professor Haswell Wilson for examining and reporting on the sections
of bone, to Dr. C. G. Teall for many x-ray examinations and for his report
included in this paper, to Dr. E. Hickmans, M.Sc., and her assistants for all
the biochemical work, and to Mr. E. B. Brain for all the photographs. This
paper was presented at a meeting of the British Orthopaedic Association in
October, 1938.
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