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attempt at a later date should be assessed in collabora
tion with the serologist. Clearly, if the indication for
performing the amniocentesis in the first instance was
borderline, no further attempts should be made and the
pregnancy should be terminated by premature induction
of labour at 36 - 37 weeks. On the other hand, if the
patient has a very high antibody titre, with a history of
one or more early stillbirths, further attempts are justified.

The danger to the mother is very small, being confined
to the theoretical risk of sepsis, and to increased immuni
zation due to foeto-maternal haemorrhage resulting from
placental damage. One such case was encountered in our
series.

SUMMARY
The handling and treatment of haemolytic disease of the
newborn is briefly reviewed. The value of amniotic fluid ana-

lysis during pregnancy as a means of predicting the severity of
the foetal red cell destruction is emphasized, and a rational
approach to the handling of such cases is outlined.

The valuable and enthusiastic technical assistance by Mrs.
V. Ward is highly appreciated.
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TABLE I. HISTORY OF BLOOD GROUPS, ANTIBODY TITRES, BIRTHS
AND RELATED PROCEDURES

2 November 196/. A pregnancy was complicated at 37
weeks by pre-eclamptic toxaemia and a rising titre of
Rhesus anti-D antibodies (Table I).

1 : 128
1 : 256

Coomb's
I : 4
I : 64
1 : 128

Parient A Rh-negative (cdejcde)
Husband 0 Rh-positive (CDejcDE)
Delivery of male infant 3· 29 kg.-Healthy
Delivery of male infant 2· 58 kg.-Haemolytic disease
of newborn. Exchange transfusion (no details available),

Rhesus Anti-D Antibodies

Saline Albumin Trypsin
o I : 2 I : 2
I : 8 I : 16 I : 32
I : 4 I : 16 1 : 128
Induction of labour (EDD 23.11.61)
Delivery of female infant 4 lb. 1 oz. Coomb's positive,
Hb.13·4GjIOO m!. Total bilirubin 6·5 mg.j100 m!.
Exchange transfusion-Infant died 4.11.61
1 : 2 1 : 4 1 : 8 1 : 16
1 : 2 1 : 4 1 : 8 1 : 16
1 : 2 1 : 4 I : 8 1 : 16
I : 8 I : 8 1 : 32 1 : 32
1 : 8 1 : 8 1 : 16 1 : 32
1 : 4 1 : 8 1 : 32 I : 32
(30 weeks) Amniocentesis-bilirubin 0·45 mg.j100 m!.
(31 weeks) Amniocentesis-bilirubin 0·37 mg./IOO m!.
1 : 4 I : 8 1 : 8 1 : 32
(31 weeks 6 days) Intra-uterine foetal blood transfusion
134 m!.
I : 16 I : 32 I : 32 1 : 64
(33 weeks 4 days) Intra-uterine foetal blood transfusion
162 m!.
(35 weeks 1 day) Intra-uterine foetal blood transfusion
175 m!.
Spontaneous vertex delivery-Living female 5 lb.
Immediate post-delivery
1 : 32
1 : 64

12.10.61
28.10.61
1.11.61
1.11.61
2.11.61

Dale
1958

15.7.58
17.9.59

1.10.64
4.11.64
9.12.64
20.1.65
3.2.65
18.2.65
18.2.65
25.2.65
26.2.65
3.3.65

15.3.65
15.3.65

26.3.65

1.4.65
1.4.65

22.4.65

Since the first report by Liley' of a successful intra-uterine
foetal blood transfusion in a case of Rhesus incompati
bility, further reports have come from other units through
out the world,'" Since the technique for the procedure is
constantly being modified and since full data on the
infants so delivered should be available for study, we are
presenting a further case report.

PatienT
Mrs. J. P., a White female aged 26, first attended the

antenatal clinic at Groote Schuur Hospital on 17 February
1965. She had had no illnesses of note and had not under
gone any operation previously. She had never received a
blood transfusion.

Previous Obstetric History
15 July 1958. A full-term pregnancy was complicated by

pre-eclamptic toxaemia. Spontaneous onset of labour was
followed by spontaneous vertex delivery of a living male
infant weighing 7 lb. 5 oz. (3·29 kg.): The mother's blood
group was known to be A Rhesus-negative. No postdeli
very blood specimen was made available for examination
for anti-D antibodies. Husband 0 Rhesus-positive (eDe/
cDE).

17 September 1959. A pregnancy was complicated at 37
weeks by pre-eclamptic toxaemia. Spontaneous onset of
labour was followed by spontaneous vertex delivery of a
living male infant weighing 5 lb. 11 oz, (2·58 kg.). The
infant developed haemolytic jaundice owing to Rhesus
incompatibility and soon after birth underwent an ex
change transfusion, but thereafter progressed satisfactorily.
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*Cape Provincial Blood Transfusion Service.
;Department of Diagnostic Radiology.
§Department of Paediatrics.
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Surgical induction of labour was followed by sponta
neous vertex delivery of a living female infant weighing
4 lb. 1 oz. (1·814 kg.). This infant underwent an immediate
exchange transfusion but died within 48 hours from
suspected hyaline membrane disease. Autopsy was not
performed.

Examination of cord blood gave the following results:
o Rhesus-positive, direct Coomb's positive; haemoglobin
13-4 G /lOO ml.; serum bilirubin-direct 0·4 mg./lOO ml.,
total 6·5 mg.j 100 ml.

Present Obstetric History
The last menstrual period was on 22 July 1964. The

estimated date of delivery was 29 April 1965. The patient
first attended an antenatal clinic on 28 September 1964
and was transferred to Groote Schuur Hospital on 17
February 1965.

At all examinations the blood pressure was within
normal limits, the weight gain was average and the urine
contained no abnormal constituents. The Papanicolaou
smear was grade 1 normal. The haemoglobin level was
maintained between 11·5 and 12·5 Gjl00 ml.

It was considered from the past history and the labora
tory findings (Table I) that the foetus had an extremely
poor prognosis. Therefore on 18 February 1965 an
amniocentesis was performed so that a more accurate
intra-uterine foetal prognosis could be obtained from an
examination of the liquor amnii. About 20 ml. of a rather
viscid yellowish fluid was withdrawn. Amniocentesis was
repeated on 25 February 1965. The results for bilirubin
content according to the spectrophotometric method of
White et al." were respectively 0·45 mg./lOO ml. and 0·37
mg.j 100 ml. The prognostic interpretation of values for
bilirubin estimation was made according to Mackay and
Watson.'

On the strength of the past history, rising anti-D titre
in the maternal blood and the bilirubin content of the
liquor amnii, intra-uterine foetal blood transfusion was
considered necessary.

Immediately before the intra-uterine transfusion on 3
March 1965, liquor amnii samples of 18 February and 25
February, which had been stored at rc under protection
from light, were further investigated spectrophotometric
ally by Liley's method. Both specimens indicated that the
foetus fell into the group with a very bad intra-uterine
prognosis.

THE RADIOLOGICAL TECHNIQUE OF INTRA-UTERINE FOETAL

BLOOD TRANSFUSION

Under a premedication of Pethidine, 100 mg., and Proma
zine, 25 mg., an intra-uterine foetal blood transfusion was
performed on 3 March, when the foetus was 31 weeks 6
days mature.

Modem radiographic equipment, incorporating image
intensification and TV monitoring, greatly simplifies this
procedure compared with previously described methods
when plain radiography was used."'" The method of Hol
man and Karnicki' was followed in broad outline for the
first transfusion of this foetus and thereafter Jhe procedure
was modified in the light of experience, in order to utilize
the image intensifier and TV monitor to their full advan
tage.

1. Immediately before the transfusion, a plain radio
graph was taken of the mother's abdomen in the
supine position with a metal marker on the umbilicus.
This provided a visual record of the lie of the foetus,
particularly the position of the limbs, the costal
margins and the vertebral column. The target area
of the foetal abdomen could then be visualized,
making allowance for the thighs and liver. The
umbilical marker provided a maternal landmark for
correlation with the foetal target area in selecting a
line of approach for the needle.

2. A 16-cm. Tuohy needle was introduced under local
anaesthesia. As soon as it made contact with the
foetus, this became obvious by the foetal movement
that was imparted to it. Slight resistance was then
overcome as the needle passed through the foetal
abdominal wall.

3. Approximately 5 ml. of a water soluble radio-opaque
medium were then injected through the Tuohy needle
under TV control. The foetal peritoneal cavity was
immediately outlined by the opaque medium in a
most convincing manner. The transfusion was then
carried out, no further radiographic control being
required. Previous authors"'" describe the introduc
tion of an epidural catheter into the peritoneal
cavity through the Tuohy needle, which is then with
drawn. This refinement was discarded after the first
transfusion, since direct injection of opaque medium
through the needle gave immediate and more con
vincing confirmation of its position in the foetal
peritoneal cavity, and the transfusion of packed cells
proceeded far more expeditiously through the Tuohy
needle than through 'the necessarily fine-bore poly-
thene catheter. '.

4. The radiographic factors were 60kv and 2mA, with
a positive screen and a stationary grid. The TV
camera is of the vidicon t)'pe. The screening current
of 2mA is rather higher than is customary with
image intensification, but is justified by. the improved

. contrast which these factors provide in the pregnant
patient. Foetal irradiation is minimal since the
screening period with this technique is of only a few
seconds' duration.

The first procedure took a total of 1 hour 20 minutes to
perform, although the actual transfusion of 134 ml. of
packed very fresh group 0 Rhesus-negative blood taken
in acid-citrate-dextrose needed only 20 minutes. The blood
was warmed to 37°C in a waterbath immediately before
transfusion. It was found that frequent rinsing in heparin
solution of the syringes used for injection allowed easier
flow of the packed cells into and out of the syringes.

The procedure was repeated (a) on 15 March 1965
(33 weeks 4 days mature) when the total procedure time
was 22 minutes and 162 ml. of blood was transfused and
(b) on 26 March (35 weeks I day mature) when the' total
procedu"re time was 15 minutes and 175 ml. of blood was
transfused.

Postoperatively on each occasion the patient was con
fined to bed for 24 hours, was given 250 mg. of ampicillin
6-hourly for 4 days (no antibiotics were administered
during the procedure) and was discharged home on the
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4th postoperative day. Four days after each transfusion
the patient noted a marked increase in foetal movement.

On 31 March 1965 the patient re-attended the antenatal
clinic and was found to have a blood pressure of 140/100
mm.Hg. She was immediately readmitted for absolute
bed rest.

The Labour
Contractions commenced at 9 p.m. on 31 March. The

membranes ruptured at 4.10 a.m. on I April. The liquor
amnii was a pale brown colour.

At 4.57 a.m. on 1 April 1965 spontaneous vertex
delivery of a living female infant occurred. The third
stage was uncomplicated. The placenta, which was not
weighed, was disproportionately large for the size of the
baby.

The puerperium was uncomplicated. Lactation was suc
cessfully established. The mother was discharged home on
26 April 1965.

The Infant
The delivery of the female infant weighing 2·27 kg. was

uneventful and the Apgar rating at birth was 9110.
Her condition appeared to be satisfactory, though the

liver and spleen were both enlarged and a faint icteric
conjunctival tinge was noticeable. There were 2 healing
puncture marks on the abdomen approximately 2 cm.
above each side of the umbilicus. The mucous membranes
were well coloured. Examination of the group 0 Rhesus
negative cord blood (Table II) showed a haemoglobin of
14·1 G/lOO ml.; total bilirubin of 7·6 mg./l00 ml. with a
direct bilirubin of 2·1 mg./l00 ml.; reticulocyte count of
0·5°~ ; a direct negative Coomb's test and foetal haemo-

globin of 8 GI 100 m!. by spectrophotometry. A cord blood
smear showed 90~'c:> adult red blood cells and 10% foetal
red blood cells, employing the technique of Kleihauer
and Betke.' Gastric aspiration produced 5 m!. of altered
blood. Examination of the infant at one hour showed all
the systems to be normal.

An uneventful exchange transfusion of 183 ml./kg.
body weight using 0 Rhesus-negative salt-free albumin
enriched blood'· in acid-citrate-dextrose was carried out at
the age of 2t hours.

Over the next 24 hours the baby became more jaundiced
and the pulse rate and respiratory rate fluctuated between
90 - 120 and 40 -65 respectively. No abnormality was
detected on ECG examination. There was no sign of the
respiratory distress syndrome and the baby's general con
dition was good throughout. Frequent melaena stools
containing adult haemoglobin were passed.

TABLE IV. UMBILICAL ARTERIAL ACID-BASE STUDIES

Buffer
pH pea. po, BE base SI.Bic. Act. Ric.

Age mm.Hg mm. Jig mm.Hg mEq./I. mEq./I. mEq./I. mEq./I.
2t hours pre-

exchange 7 ·38 38 ·5 72 -2·0 45 22·3 22·0
4t hours pOS!-

exchange 7 ·32 41·0 55 -4·7 42 20·3 20·5
17 hours 7 ·39 47·0 60 T2·9 50 26·1 27 ·5
31 t hours pre-

exchange 7 ·23 53 70 -5·4 40 19·6 22·0
33 hours POSl-

exchange 7·29 57 65 -0·2 46 23 ·8 26·0
Donor blood 6·48 -16·0 30 12·4

At 29 hours the baby appeared hyper-irritable, and suckled
less well; though no abnormality was detected on neurolo
gical examination. The total bilirubin was 24·8 mg./lOO ml.

TABLE H. RESULTS OF HAEMATOLOGICAL INVESTIGATIONS AND SERUM BILIRUBIN LEVELS-INFANT

Bilirubin
Hb. PCV Relics./ Platelets/ WBCj

Age in hours Total Direct Indir. Gjloo ml. % lOO+bc cu.mtl/. cu.mtl/.
mg.jlooml. mg./loo m/. mg./1OO ml.

BirIh 7·6 2·1 5·5 14·1 0·5
2t Pre-exchange 10·0 2·9 7·1 14·4
4t Posl-exchange 3·2 1·2 2·0 JI·9
16 .. 16·4 4·3 12·1 12·5
29 .. 24·8 8·2 16·6 14·1
3It Pre-exchange 24·9 8·7 16·2 13·9 40 0·5 107,000 6,500
33 Post-exchange 10·8 2·6 8·2 10·7 31 61,000
53 .. 18·3 5·5 12·8 JI·O
62t 16·3 9·0 7·3 11·5
77 .. 13·2 8·9 4·3 12·5

Days
5 11· 5
11 3·9 3·2 0·7 JI·3 30 0·0 250,000 11,400
22 1·3 0·8 0·5 9·0 20 0·1 169,000 6,600
26 7·0 0·0
33 6·0 17 0·0 143,000 8,000

TABLE fIT. RESULTS OF BIOCHEMICAL Il'.'VESTlGATlONS-INFANT

A/k.
Urea Na Cl K Ca Glucose A/bumin G/obulin SGOT phos. TT ZT

Age mg! mEq.//. mEq.!/. mEq.!/. mg.! mg.! G! G! karmen KA
lOOm/. loom/. loom/. 100 m/. 100 m/. units uniTS

4} hours post-exchange 146 98 5·3 8·5 31 54 8·7 0 4
31 t hours post-exchange .. 142 93 3·9 10·9 4·6 2·5
Donor blood 150 65 3·4 9·0 4·8 1· 5

.33 hours post-exchange 142 94 3·2 10·9 130 4·5 1·2
11 days 28 140 105 6·1 10·1 40 3·7 1·4 40 0 4
22 days 18 120 100 5·2 30 0 b



TABLE V. DIFFERE 'TIALS

Bone marrow
Cell type

Range Counted %Total
Myeloblast or leucoblast 0,3-5,0 0 0
Promyelocyte 0,5-8·0 2 0·3
Myelocyte-neutrophilic 5·0--25·0 69 11·0
Myelocyte-eosinophilic .. 0'5-3·0 3 0·5
Metamyelocyte-neutrophilic 14·0--35·0 98 16·0
Metamyelocyte-eosinophilic Occas. 7 1·0
PMN-basophilic 0·0--0·8 0 0
PMN-eosinophilic 0,5-6·0 26 4·3
PMN-neutrophilic 4·0--35·0 44 7·7
Lymphoblast None 0 0
Lymphocyte 4·0--35·0 201 34·0
Monoblast None 0 0
Monocyte .. 0·0--5·0 0 0
Plasma cell 0·0--1·5 0 0
Reticulum cell 0·0--2·0 6 1·0
Megakaryocyte 0·03-3·0 2 0·3
Mitoses (R & W series) .. 3 0·5
Unclassified cells ..
Pronormoblast 0·0--3·0 I 0·2
Basophilic normoblast 0·0--5·0 31 5·0
Polychromatophilic NB .. 5·0--34·0 91 15·2
Orthochromic normal 0·0--8·0 16 3·0
Megaloblast None 0 0
Total nucl. cells .. 600 100·0
M : E ratio (varies with age) 3: I to 20 : I 2: 1

I

I

I

I

I

I

I

I
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100 m!. of 0 Rhesus-negative blood had to be given. The
baby thrived throughout this period and there was no
evidence of infection or blood loss. Despite the marked
erythroid hyperplasia confirmed by a second bone-marrow
examination and a falling haemoglobin, repeated reticulo
cyte counts showed the absence of reticulocytes. No factual
explanation is apparent at the present time.

DISCUSSION

The preliminary investigations necessary before deciding
on the need for an intra-uterine foetal blood transfusion
have been well stated by Liley' who also described the
technique used in the first successful case reported in
October 1963.

The present case report varies in that the image intensi
fier and TV monitor were used to great advantage in
determining when the Tuohy needle had entered the foetal
peritoneal cavity. An epidural catheter was not used
because of reasons already stated and because the introduc
tion of a catheter would, with the technique described,
reduce hardly at all the time that the needle is present in
the foetus. The technique would appear from the number
of puncture marks on the foetal abdomen to have failed
on one occasion-possibly the third.

Despite the risks attached to the procedure, we favour
repeated transfusions at approximately 12-day intervals
until the foetus is at least 36 weeks mature. The absorption
of the donor cells from the foetal peritoneal cavity results
in a significant increase in foetal movement by the fourth
post-transfusion day and this movement starts decreasing
about the tenth post-transfusion day. Infants delivered
when 36 weeks mature or more, have a very much better
prognosis than those delivered between 34 and 36 weeks.

The use of progesterone in the uterine muscle at the
point of passage of the transfusion needle might possibly
reduce the risk of a premature onset of labour.

Detailed results of infant differential marrow counts.
umbilical arterial and acid-base studies, biochemical in
vestigations and haematological investigations have been
given. The discrepancy between the marked erythroid
hyperplasia in the bone marrow in association with a
falling haemoglobin and the absence of reticulocytes in
the peripheral blood is under investigation.

The presence of adult haemoglobin in the melaena stools
does not mean that some of the transfused blood was
injected into the foetal intestinal tract. As the foetus had
mainly donor blood circulating. melaena sto@ls from any
cause would contain adult haemoglobin.
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with a direct bilirubin of 8·2 mg.1 100 m!. The haemoglobin
was 14·1 G I lOO ml. with evidence of haemo-concentration
of the blood. A second exchange transfusion of 200 m!.1
kg. body weight using 0 Rhesus-negative albumin-en
riched blood in acid-citrate-dextrose was carried out at
the age of 31 t hours. Transient twitchings of the left leg
lasting 1 - 2 minutes were observed during the exchange.
Serum electrolyte, blood sugar and umbilical arterial acid
base studies showed no abnormality (Tables III and IV).
No further twitchings were observed. An antibiotic cover
of clcxacillin and ampicillin was given for 9 days.

After day 14 all clinical evidence of jaundice had
disappeared; the infant thrived, the liver appeared normal,
though the spleen was still enlarged. The total bilirubin
was 3·9 mg.1 lOO m!. with a direct bilirubin of 3·2 mg.1
100 m!., Rb. 11·3 G I lOO m!., platelet count 250,000, WBe
11,400 and the reticulocyte count O·O~{,. Or. P. Lanzkowsky
reported on a bone-marrow examination as follows: 'Bone
marrow aspirated from the tibia showed a moderatelv
cellular marrow with moderate erythroid hyperplasi~
giving a myeloid: erythroid ratio of 2: I. The differential
marrow count and normal range for each cell type is
shown in Table V.'

The results of all the biochemical and haematological
investigations carried out on the infant are tabulated in
Tables Il - IV. No abnormality was detected on X-ray of
the chest and abdomen at 8 hours of life. A negative
blood-culture examination was obtained after the second
exchange transfusion.

From the 14th to the 26th day of life the haemoglobin
of the blood showed a progressive drop from 11·3 G I 100
m!. to 7 G /lOO m!. A transfusion of 30 m\. of fresh 0
Rhesus-negative blood raised the haemoglobin to 11·5 G I
100 m!. The haemoglobin fell again over the following 7
days to 6·0 G /lOO m\. so that a further transfusion of

SUMMARY

A case of successful intra-uterine foetal blood transfusion is
presented. Success depends on correct and early assessment of
suitable patients, accurale localization of the foetal peritoneal
cavity and intensive postnatal paediatric care. It is essentially
a team effort.

We should like to thank Dr. J. G. Burger, Superintendent of
Groote Schuur Hospital, and Dr. J. A. Hendrikse, Cape
Director of Hospital Services, for permission to publish; and
Professor D. A. Davey (Obstetrics and Gynaecology), Profes
sor P. E. S. Palmer (Diagnostic Radiology) and Professor F. J.
Ford (Child Health) for their encouragement and advice.

Special thanks go to Dr. B. G. Grobbelaar, Medical Director
of the Natal Blood Transfusion Service, for his expert advice
and guidance and for the loan of the 16-cm. Tuohy needle. The
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help of the Haematology Laboratory, Groote Schuur Hospital,
is acknowledged with thanks.
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CLINICAL AND METABOLIC STUDIES IN HYPOPHOSPHATASIA*

BERNARD L. PIMSfONE, M.D., M.R.C.P., Department of Medicine, University of Cape Town,
and Croote Sch/l/lr Hospital, Observatory, Cape

Hypophosphatasia is a specific, genetically determined metabo
lic disorder, characterized clinically by abnormalities of bones
and teeth, and biochemically by a diminished blood and tissue
alkaline phosphatase activity and the urinary excretion of
phospho-ethanolamine (PEA). The disease is usually obvious
at birth when the manifestations are most severe, but may
present at any age thereafter.

Five cases were studied. Four developed in infancy, one in
adult life. There were no neonates. The results are noted
briefly below. All showed the biochemical defect.

Clinical Aspecls

Three children, including a monozygotic twin, presented
solely with spontaneous shedding of the anterior deciduous
teeth, commencing at 18 months of age. Bone radiology was
normal. One child with classical changes on bone X-ray
had a clinical picture suggesting rickets, with delayed motor
development and bowing of the legs. An X-ray of the distal
radius and ulna, taken at the age of 2 years, showed marked
cupping and erosion of the metaphysis. In addition there
were areas of radio-lucency which corresponded to islands of
uncalcified osteoid and cartilage. Spontaneous healing was
noted during the course of a year. The adult presented with
spontaneous fractures associated with diffuse undermineraliza
tion of the skeleton. This latter case was studied for some
months in a metabolic ward, during which time a good corre
lation between the serum alkaline phosphatase levels and PEA
excretion was found-in that below 4 - 5 SJR units,] PEA was
consistently excreted. (Normal values 4 - 8 units.) Quite wide
fluctuations in alkaline phosphatase activity occurred, both
spontaneously and in response to an acute magnesium infu
sion, when the levels rose.

Genelics

Four family studies, one extending through 4 generations,
showed a typical recessive inheritance-the heterozygous state
being characterized by the biochemical abnormality, with no
clinical or radiological suggestion of bone or tooth disease.

?alhology

In the adult case, biopsy of the 11th rib was undertaken
after ingestion of tetracycline. Undecalcified sections were
stained by the method of Frost' and examined under normal
and ultraviolet light. Excess osteoid was clearly shown.
Actively remodelling osteons were reduced to 25% of normal,
but these 25°~ appeared to be forming bone at a normal rate
(l Jl/day).

Sudan black staining by the method of Irving,' thought to
be specific for phospholipid, suggested a marked diminution
of the characteristic 'sudanophilia' observed normally during
the initial stages of calcification of osteoid.

Electron microscopy showed a diminution in osteoblastic
endoplasmic reticulum. Osteoid was qualitatively abnormal,
showing an atypical fine network of collagen fibrils, 80 - 90
A wide, without characteristic banding.

*Abstract of a paper presented at Research Forum. Department of Medi
cine. University of Cape Town, on 6 May 1965. Work done during tenure
of E1i Lilly Fellowship at University of California Medical Centre, San
Francisco. :0 1964.

Examination of the teeth of childhood cases by routine
histologic methods showed the essential defect to be an
aplasia of the cementum.

Metabolic Studies

PEA was demonstrated by high voltage electrophoresis'
followed by chromatography in the second dimension, in a
butanol, pyridine and water mixture. The PEA spot stained
both with Ninhydrin and Hanes-Isherwood molybdate re
agent' and was easily identified.

In the adult case a number of investigations were pursued.
Calcium balance was negative only on extreme calcium deple
tion (l0 mEq./day). The skeleton showed no abnormal avidity
for an infused calcium load (12 mg. Ca/kg.). Parathyroid
function is measured by serum calcium and phosphorus, and
the percentage tubular reabsorption of phosphate' was nonnal.

Stable strontium kinetics' were abnormal. A low turnover
rate and lowered rate of bone deposition were found (Table I).
This correlated well with the histological observations.

TABLE I. STRONTJUM KINETICS

Exchange- Total Urinary Bone
able turnover excretion deposition
pool rate rate rate

(titres) (tlday) (llday) (I/day)
Hypophospha-

tasia 43·4 10·7 4·3 6·3
Normal range 42·7 ± 1·1 13'5±0'6 3·9±0·2 9·6 ± 0'4

EXPERIMEI'o'TAL INDUCTION OF HYPOPHOSPHATASIA

Magnesium depletion in young rats markedly reduced .the
alkaline phosphatase activity, with associated PEA excretIOn.
Magnesium refeeding reversed these changes, providing a
possible experimental model of the disorder.

CONCLUSIONS

The presence of abnormal osteoid suggests that this may be as
important as the low alkaline phosphatase in the genesis of
the markedly lowered bone formation and strontium acc~e

tion found in hypophosphatasia. Furthermore, the charactens
tic excretion of PEA, a phospholipid degradation product, and
the reduction in 'sudanophilia', point to the involvement of
phospholipids, at least in .bone, in this disorder. This implies
their possible physiologic significance in the calcification pro
cess, since they not only form a vital constituent of osteoid,
but might act as a substrate for alkaline phosphatase.
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