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performing chromosome analyses, and the West-
minster Hospital for accepting this patient for bone
marrow transplantation.
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Production of the hydroxylated metabolites of vitamin D in a neonate
with a single hypoplastic-dysplastic kidney
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SUMMARY The ability to produce dihydroxylated
metabolites of vitamin D was studied in a term
neonate suffering from severe renal insufficiency.
The infant died at age 26 days owing to end-stage
renal failure and the necropsy examination showed
a single dysplastic kidney weighing 1.5 g. At age 2
weeks the serum levels of the dihydroxylated
metabolites of vitamin D were found to be normal
and a pronounced increase was noted 24 hours after
injection of 100 000 IU vitamin D2. The study
suggests that during the neonatal period a small
renal mass is sufficient to maintain optimal
circulating levels of the dihydroxylated metabolites
of vitamin D.

The kidney is the site of the formation of the active
metabolites of vitamin D. In anephric patients or in
patients with end-stage chronic renal failure these
metabolites are undetectable.' 2 We describe a
neonate with a single hypoplastic dysplastic kidney,
in whom the metabolism ofvitamin D was studied.

Case report
A 2010-g boy was born after 37 weeks of gestation
with an Apgar score after one and five minutes of
6 and 8, to a 20-year old bedouin mother, gravida 2,
para 2, who has another healthy child. The course of
the pregnancy had been normal, the amniotic fluid
was meconium stained.

Immediately after birth severe respiratory distress
ensued, due to bilateral pneumothorax which was
drained. Chest x-ray film was consistent with
hypoplastic lungs. Assisted ventilation was delivered
through an endotracheal tube, with a Baby Bird
respirator for 10 days. At age 18 days he breathed
room air spontaneously. On physical examination
the kidneys were not palpable and arteriography
performed through the umbilical artery catheter did
not reveal nephrographic effect. During the first
5 days he was anuric and afterwards oliguric.

Laboratory findings. Serum creatinine levels increased
progressively from 2-2 mg/100 ml (194 5 ,umol/l) on
his second day to 12.3 mg/100 ml (1087 lmol/l) at
age 3 weeks. Other findings at between 2 and 3 weeks
were: haematocrit 44%, white blood count 14-0 x
109/l with normal differential, platelets 254 0 x 109/l,
sodium 142 mmol/l, potassium 4-4 mmol/l, chloride
102 mmol/l, calcium 8 5 mg/100 ml (2.1 mmol/l),
phosphorus 6 9 mg/100 ml (2*2 mmol/l), magnesium
2 mg/lOOml (0 822 mmol/l), acid-base values about
pH 7-3, standard bicarbonate 19 mmol/l, base
excess -5 mmol/l. Alkaline phosphatase was
228 IU, AST 18 IU, ALT 14 IU, LDH 418 IU,
5-nucleotidase 9.8 IU, albumin 24 g/l, globulin
21 g/l, prothrombin time 55%, and glucose 55
mg/100 ml (3 .0 mmol/l).
At age 2 weeks he received 100 000 IU of vitamin

D2 (Detamin) by intramuscular injection. Serum
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Table Plasma concentrations of vitamin D
metabolites after the administration of vitamin D

Time (hours)

0* 24 36 72

25(OH)D (ng/ml) 2 2-5 1.2 3 *2
1,25(OH)2D (pg/ml) 63 129 21 81

24,25(OH)2D (ng/ml) 1.7 6.2 4.1 2

Conversion: traditional units to SI: 1 ng/ml -2 .5 nmol/l.
*Normal basal values: 15-30 ng/ml for 25(OH)D

20-80 pg/ml for 1 ,25(OH)2D
1 * 5-3 *0 ng/ml for 24,25(OH)2D

samples were obtained at 0, 24, 36, and 72 hours after
injection, and subjected to lipid extraction and
analysis of the metabolites of vitamin D. 25-
hydroxyvitamin D (25(OH)D) and 24,25-dihydroxy-
vitamin D (24,25(OH)2D) were analysed according to
Edelstein et al.3 as modified by Weisman et al.;4
1,25-dihydroxyvitamin D (1,25(OH)D) was analysed
according to Eisman et al.5 As can be seen (Table), at
age 2 weeks and before the injection of vitamin D2
(0 time), the plasma concentrations of 1,25(OH)2D
and of 24,25(OH)2D were within the normal range,
while the concentration of 25(OH)D was low, at a
range often found in rickets.6 At 24 hours after
injection, there was a pronounced rise in the con-
centration of 1,25(OH)D. At 36 and 72 hours the
changes varied, but with no clear trend.
The infant's condition steadily worsened, and at

age 26 days he died from end-stage kidney failure.

Necropsy examination. Gross findings disclosed
single right kidney weight 1*5 g, and consisting of a
mass of cysts 0.1-0.3 cm in diameter aggregated by
greyish fibrous tissue. Calyces and pelvis were not
present and the uppet third ofthe ureter was stenotic.
The histological changes were consistent with

renal dysplasia. There were focally dilated ducts
lined by cuboidal epithelium and surrounded by
concentric layers of embryonal mesenchyme.
Glomeruli were almost absent, the few present
having cystic, dilated Bowman's capsule and tiny,
shrunken capillary tufts. In their vicinity some ducts
were lined with tall and cubical epithelium with
eosinophilic, somewhat granular cytoplasm, similar
to the convoluted tubules ofthe normal kidney.
The lungs were expanded with areas of

haemorrhages and intra-alveolar fibrin deposition
consistent with uraemic lungs. No other congenital
malformation seemed to be present in the other
internal organs including the central nervous system.

Discussion

In animals and humans the dihydroxylated
metabolites of vitamin D, 1,25(OH)2D, and

24,25(OH)2D are known to be formed exclusively in
the kidneys, and are absent in the circulation of
anephric patients, and in patients with end-stage
chronic renal failure.' 2 The reported case shows that
despite a dysplastic renal mass of only 7.5% of
normal,7 the production of the dihydroxylated
metabolites was not impaired. The levels of these
metabolites at age 2 weeks were found to be normal,
and were not likely to represent perinatal levels of
maternal source as the circulating half-life of
1,25(OH)2D, for example, is of very short duration,
several hours. The circulating levels of 25(OH)D
however, were found to be very low, and surprisingly
only a slight increase was noted 24 hours after
injection of vitamin D2. Normal response to
vitaminD administration would be amarked increase
in plasma 25(OH)D levels, a proportional increase in
24,25(OH)2D, and no change in 1,25(OH)2D levels.
A marked increase in circulating levels of 1 ,25(OH)2D
and of 24,25(OH)2D was noted 24 hours after
injection. The lack of increase in 25(OH)D could be
due either to limited hepatic 25-hydroxylation, or
the inability to maintain or store this sterol, as
suggested by Hillman and Haddad.8 The increased
production, particularly of 1,25(OH)2D after the
injection of vitamin D2, is not surprising, as a slight
increase in substrate (25(OH)D) concentrations in
terms of nanograms could be sufficient to enable a
pronounced increase in picograms of 1,25(OH)2D.
Possible stimulators of the conversion step include
raised circulating levels of PTH, growth hormone,
oestrogen, progesterone, and testosterone which were
not measured.
The study suggests that during the neonatal period

a very small renal mass is sufficient to maintain
optimal circulating levels of the dihydroxylated
metabolites of vitamin D.
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Neonatal tetanus---long-term residual handicaps
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SUMMARY Thirty-eight survivors ofneonatal tetanus
were assessed, 5 to 12 years after recovery, for
neurological sequelae, physical growth, and matura-
tion. Apart from appreciable handicaps (cerebral
palsy, mental deficit, behavioural disturbances) in
4 cases, no harmful effect on physical growth or
development was found. The fact that affected
patients had frequent and prolonged bouts of spasms
and apnoea suggests that anoxia was the main cause
of brain damage.

Generalised convulsive spasms, associated with
cyanosis and apnoea and consequently with brain
hypoxia, are a common and severe disorder in
neonatal tetanus. It is generally believed that tetanus
does not leave neurological sequelae.1 2 This paper
presents the results of a long-term follow-up study of
children who survived neonatal tetanus.

Subjects and methods

By the end of the 1970s neonatal tetanus had almost
disappeared in Greece.3 This study is based on
73 children (56 of them boys) who were admitted to
hospital during 1966-1977 with a clinical diagnosis
of tetanus. Each came from a poor family with bad
living conditions, and most of them had been
delivered at home without the presence of a doctor
or midwife. In every case septic cutting of the cord
was the cause ofthe tetanus.
The presence of spasms and their management,

the duration of each attack and interval between
attacks, the presence of cyanosis and apnoea and
the duration of each were noted. Each case was
treated conservatively. Spasms were controlled by
diazepam alone or in combination with barbiturates
generally intravenously, by phenobarbitone, intra-

muscularly or through a nasogastric tube, or by
sodium phentobarbitone, intravenously, intra-
muscularly, or rectally. Patients were classified
according to severity: 32 of them had the mild form
(grade 1), 13 the moderate (grade 2), and in 28
tetanus was severe (grade 3). Treatment and classifi-
cation are described in detail elsewhere.3
At least 3 years after leaving hospital each

survivor was invited for evaluation. This comprised
history since leaving hospital, a general examination
(including an assessment of physical growth and
development) and a neurological evaluation, as well
as a social history, psychometric, and psychological
evaluation and an electroencephalogram (EEG).
The history since leaving hospital was focused
especially on the detection of possible causes of
neurological involvement. Hearing was evaluated by
an audiologist, using audiometry if applicable. The
eyes were examined by an ophthalmologist. In
addition, an evaluation of the child's speech was
made.
To assess intellectual functioning we used (1) the

Denver development screening test, (2) the Stanford-
Binet test, (3) the Wechsler intelligence scale for
children, and any other tests as indicated depending
on the response of the patient. For the children
attending school, the results of these tests were
compared with school performance and social status.
Behaviour evaluation was based on information
obtained from the parents as well as on the child's
behaviour during the examination.

Results

There were 23 deaths, a mortality rate of 31 .5 %; the
majority (18 of 23) had had grade 3 tetanus. Of the
50 survivors, 38 (76 %) attended hospital for assess-
ment. In addition, information was obtained for 3
other patients. One had died from pulmonary
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