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Hypoglycaemia Complicating Haemolytic Disease
of the Newborn
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The association of hypoglycaemia with haemolytic
disease of the newborn has been previously recorded
(Gerrard, 1952; Hazeltine, 1967; MacRae and
Palavradji, 1965; Lucey, Randall, and Murray 1967),
but doubt has also been expressed whether there is in
fact an increased incidence of hypoglycaemia in this
condition (Driscoll, 1966). In support of this
association a further 6 cases are reported. Before
the introduction of Dextrostix testing (Campbell
et al., 1967), it was easy to overlook hypoglycaemia
in an infant already suffering from severe haemo-
lytic disease of the newborn and in whom there
might also be metabolic acidosis, hypocalcaemia,
hyperkalaemia, or hypothermia. All 6 cases were
detected by Dextrostix testing which is carried out
as a routine on every infant immediately upon
admission to the special-care department. Table I
shows the relevant clinical data and Table II the
haematological, serological, and biochemical data.

Materials and Methods

During an 18-month period 86 infants were admitted
to the paediatric department of the Queen Mother's
Hospital with haemolytic disease of the newborn, and
54 of them required exchange transfusion. Of the 86
infants, 6 developed significant hypoglycaemia character-
ized by a true blood glucose level below 20 mg./]00 ml.,
and all had symptoms which were relieved by intra-
venous dextrose. 2 of the 6 affected infants had
received one or more intrauterine transfusions, and
2 died of intracranial haemorrhage.

All exchange transfusions were carried out with
blood bank stocks less than 4 days old. One bottle
of bank blood contains approximately 420 ml. donor
blood taken into 120 ml. acid citrate/dextrose solution
containing 3 g. dextrose. The volume of exchange
transfusion was usually 160 ml./kg. body weight, and
was timed to take at least two hours. 1 ml. 10%
calcium gluconate and 1 ml. 8-4% sodium bicarbonate
were given with each 100 ml. blood transfused, bicar-
bonate being omitted in repeat transfusions. Hypo-
glycaemia was treated intravenously with an initial
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dose of 500o dextrose 2 ml./kg. body weight, followed
by 10% 'extrose 60 ml./kg. per day. The Dextrostix
tests were carried out by both medical and nursing
staff. True blood glucose was measured by the method
of Marks (1959).

Case 1. This infant had severe icterus gravis
neonatorum. Amniocentesis at 32 weeks' gestation
produced fluid in zone 3 by Liley's method, and was
followed by two intrauterine blood transfusions. Mild
respiratory distress syndrome developed during the
first exchange transfusion carried out at 1 hour. Heel
blood tests at l0 hours were: Hb 13 g./100 ml., serum
bilirubin 13 mg./100 ml., pH 7-27, Pco2 53 mm. Hg,
base deficit 3-5 mEq/l. Recurrent limb twitching
was noted 15 hours after birth when Dextrostix failed
to record and blood glucose was under 5 mg./100 ml.
Intravenous dextrose relieved the symptoms and was
continued for 72 hours. Dextrostix thereafter recorded
40-65 mg./100 ml. The infant remained in relatively
good condition apart from hyperbilirubinaemia, for
which a further three exchange transfusions were
required. When 2 years old her development was
normal.

Case 2. This severely affected infant received
intrauterine blood transfusions 21 and 10 days before
delivery, 80% of circulating red cells being of donor
type at birth. Paracentesis abdominis produced 7 ml.
fluid containing bilirubin 7 mg./100 ml. After correc-
tion of metabolic acidosis (pH 7-17, Pco2 56 mm. Hg,
base deficit 6 mEq/l.), 200 ml. blood was slowly ex-
changed-beginning half an hour after birth. The
infant showed slightly tremulous movements, and 4
hours after birth Dextrostix failed to register; true
blood glucose was under 5 mg./100 ml. 6 ml. 500/
dextrose was infused before the next excharnge trans-
fusion and thereafter 5 ml. 200, fructose was given
hourly via the umbilical catheter. Dextrostix therz-
after recorded 40 mg./100 ml. or higher. Blood sugar
results 20 and 47 hours after birth were-reducing
substances 69 and 84 mg./100 ml., true glucose 10 and
23 mg./100 ml., respectively. Two further exchange
transfusions were required for hyperbilirubinaemia
31 and 54 hours after birth. An apnoeic bout 47 hours
after birth was apparently relieved by 10 ml. intra-
venous 5000 dextrose, but recovery occurred spon-
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Hypoglycaemia Complicating Haemolytic Disease of the Newborn
TABLE I

Summary of Clinical Data

CaaeSex ~* Birth- Apgar Clinical Signs at Birth
No.e Sex Gesa 5 weight Pregnancy Delivery Score Result

(g.) (2 min.) Oedema Liver Spleen Purpura R

1 F 35 1770 Gravida 6, Caesarean 3 + + 3 cm. 2 cm. + Normal
pa 2ra; section
2 intra-
uterine
transfusions

2 M 35 2470 Para2; 2intra- Caesarean 2 + + + 3 cm. 3 cm. + Normal
uterine section
transfusions

3 F 36 1340* Para 5; Caesarean 6 0 1 cm. - - Satisfactory
severe section
toxaemia

4 M 37 2380 Para 2; mild Vaginal, with 10 + 2 cm. 1 cm. - Normal
toxaemia forceps

5 F 40 2340* Para 2 Vaginal 4 0 1 cm. - - Died, in-tra-

6 F 38 2680 Para 2 Vaginal
cranial

4 +++ 4 cm. 3 cm. + haemor-
rhage

* Case3 3 and 5 had birthweights below the 10th centile. The remaining 4 cases were all above the 10th centile (Lubchenco et al.,
1963).

TABLE II
Haematological, Serological, and Biochemical Data

Case 2 3 4 5 6

fHb (g./100 ml.). .. 6-0 51 16-8 13 12-8 6-7
j Bilirubin (mg./l00 ml.) 8-5 10 2 10 8 6Cord Coombs .+ + + + + I +
Blood group .ARh+ ORh+ ORh+ ORh+ ARh+ ARh t-

Initial Dextrostix level (mg./100 ml.) 40 40 40 130 -
Age at which hypoglycaemia detected (hr.) 15 4 4 3 18 8
Age at which exchange transfusion begun (hr.) .. 1 2) 6 8 5

taneously from a similar episode at the start of the
fourth exchange transfusion.

Intravenous fructose was discontinued 72 hours after
birth when the infant was feeding well. Thereafter
he developed the inspissated bile syndrome, but at the
age of 1 year was developing normally.

Case 3. This small-for-dates infant developed
twitching movements when aged 4 hours, at which
time Dextrostix failed to record and blood glucose was
under 5 mg./100 ml. Intravenous dextrose relieved
the symptoms and was continued. The serum bili-
rubin rose to 15 mg./100 ml. 29 hours after birth.
The infant collapsed after 40 ml. of the exchange
transfusion with metabolic acidosis (pH 7-14, Pco2
43 mm. Hg, base deficit 15 mEq/l., Dextrostix 40 mg./
100 ml.) which was corrected and the exchange com-
pleted. In the period 52 to 84 hours after birth,
intravenous 20% fructose 3 5 ml. hourly was sub-
stituted for dextrose, and oral feeding started. The
infant sucked poorly, and had tremulous movements.
Dextrostix recorded between 40 and 0 mg./100 ml.
and true glucose was under 5 mg./100 ml. on one test.
Thereafter oral feeding maintained satisfactory blood
glucose levels. Further development has been satisfactory.

Case 4. This infant with moderately severe haemo-
lytic disease developed tremulous movements 3 hours
after birth, at which time Dextrostix failed to record
and true blood glucose was 7 mg./100 ml. The symp-
toms were relieved by intravenous dextrose, which
was continued. There was slight lethargy with
occasional tremulous movements during the four
exchange transfusions but his condition was otherwise
satisfactory. Dextrostix persistently recorded 40 mg./
100 ml., true glucose levels varying between 35 and
54 mg./100 ml. When aged 5 days hypocalcaemic
tetany was controlled with oral calcium chloride.
Further development has been normal.

Case 5. This infant was admitted to hospital when
aged 4 hours, with moderately severe erythroblastosis
fetalis. She collapsed after 120 ml. blood had been
exchanged (pH 7- 06, Pco2 50 mm. Hg, base deficit
15 mEq/l., Dextrostix 40 mg./100 ml.), but improved
with correction of metabolic acidosis. However, 18
hours after birth an attack of apnoea with bradycardia
occurred, when Dextrostix failed to record and the
blood glucose was under 5 mg./100 ml. Intravenous
dextrose produced marked improvement. Oral glucose
feeds did not control symptoms and continuous intra-
venous dextrose was given from 30 hours. 36 hours
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after birth persistent twitching of all limbs started.
Dextrostix then recorded 65 mg./100 ml., serum calcium
6-8 mg./100 ml., and bilirubin 3 mg./100 ml. In
spite of intravenous calcium gluconate and oral chloral
hydrate the convulsions continued to death 49 hours
after birth. Necropsy revealed massive bilateral
parietal lobe and subdural haemorrhage. Slight
hypertrophy and hyperplasia of the islets of Langerhans
were noted, as well as the usual features of erythro-
blastosis fetalis.

Case 6. This severely affected infant was admitted
to hospital 4 hours after birth, rectal temperature being
only 31 'C. A slow exchange transfusion of 150 ml.
blood was started an hour later. At its completion the
infant was lethargic, with irregular respiratory move-
ments (Dextrostix not recording, blood glucose unaer
5 mg./100 ml., pH 6-94, Pco2 68 mm. Hg, base deficit
17 mEq/l.). Intravenous dextrose produced marked
improvement and the metabolic acidosis was then
corrected. Blood glucose levels varied from 30 to
less than 5 mg./100 ml., and were only maintained
with supplements of 50%O dextrose to the continuous
10% intravenous infusion. 58 hours after birth she
developed generalized convulsions with shrill cry and
arching of the back; blood tests showed the following.
Glucose 16 mg./100 ml., serum bilirubin 16 mg./100 ml.
(indirect 9 mg.), haemoglobin 9 g./100 ml. 10 ml. 50 O
intravenous dextrose and 50 ml. blood transfusion
produced no improvement. Death occurred 78 hours
after birth. Necropsy revealed a large intraventricular
haemorrhage but no evidence of kernikterus. The
usual features of severe erythroblastosis fetalis including
hypertrophy and hyperplasia of the islets of Langerhans
were noted.

Discussion
The 6 cases described present a clinical pattern

sufficiently similar for a brief analysis of the salient
features to be made. However, 2 infants died of
massive intracranial haemorrhage, one of whom
also had hypothermia, both being conditions that
are capable of producing neonatal hypoglycaemia.
The incidence of symptomatic hypoglycaemia in
the remaining 4 infants is over 4 0 of the 86 cases
of haemolytic disease during the same period,
which is in contrast to an incidence of 0 * 210%
for all births in the Queen Mother's Hospital.
This supports the contention that infants with
erythroblastosis fetalis are more prone to develop
hypoglycaemia.

Hypoglycaemia occurring in infants of diabetic
mothers is probably related to a functional hyper-
insulinism (Baird and Farquhar, 1962), whereas
this is not the cause of the idiopathic symptomatic
hypoglycaemia of the newborn. A comparison
of the clinical course in these 6 infants with these
two types might help to indicate any part played
by hyperinsulinism.

Thus, in reported series of transient symptomatic
hypoglycaemia of the newborn there is a male:
female predominance of 2:1 and up to 65% of
infants are dysmature. Conversely, the infants
of diabetic mothers are usually at or above the
weight expected for their gestational age (Cornblath
and Schwartz, 1966). Of the present 6 cases,
4 were female (2 died) and 2 were dysmature
(1 died) with a weight below the 10th centile
(Lubchenco et al., 1963). Of 5 previously recorded
infants, 4 were female and 2 were dysmature by
weight (Hazeltine, 1967; Lucey et al., 1967).
The oedema of hydrops fetalis gives falsely high
body weights, and therefore the true incidence
of dysmaturity may be higher. In all 6 cases the
onset of hypoglycaemia was within 18 hours of
birth, in 3 cases being within 4 hours of birth,
but the hypoglycaemia recurred if treatment was
discontinued before 3 days of age. In cases of
transient symptomatic hypoglycaemia of the new-
born symptoms usually begin from 12 to 72 hours
after birth and treatment usually needs to be con-
tinued for up to 3 days. Infants born of diabetic
mothers commonly develop hypoglycaemia within
2 to 4 hours of birth, and treatment, if required,
can normally be quickly discontinued (Comblath
and Schwartz, 1966).

In significant hypoglycaemia occurring in associa-
tion with haemolytic disease of the newborn,
treatment is presumably required to prevent brain
damage (Anderson, Milner, and Strich, 1966).
Glucose is also necessary in the conjugation of
bilirubin (Billing and Lathe, 1958). Thus, there
is a double indication for urgent treatment of these
infants. Hypoglycaemia occurring in infants born
of diabetic mothers and in infants suffering from
respiratory distress syndrome of the newborn
can be controlled with intravenous fructose solu-
tions (McCann et al., 1966; Hutchison et al.,
1964), whereas this may not be possible in transient
symptomatic hypoglycaemia of the newborn
(Campbell et al., 1967). Treatment with intra-
venous fructose was attempted in Case 2 with only
limited success, there being very low true glucose
levels in spite of adequate levels of blood total
reducing substances, suggesting inadequate utiliza-
tion of the circulating fructose. One dysmature
infant, Case 3, who had relatively mild haemolytic
disease of the newborn, was also given intravenous
fructose for a short period from 52 to 84 hours
of age, but it seems probable that the hypogly-
caemia was spontaneously resolving at that period.
In view of the poor response to intravenous fructose
in Cases 2 and 3, it is suggested that the routine
treatment should be intravenous dextrose (Campbell
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HIypoglycaemia Complicating Haemolytic Disease of the Newborn 251
et al., 1967). Liver glycogen stores are probably
defective in severe haemolytic disease of the new-
born, especially in prematures, and in many cases
of transient symptomatic hypoglycaemia of the
newborn (Shelley and Neligan, 1966), whereas
in infants born of diabetic mothers they are usually
adequate (Cornblath and Schwartz, 1966). This
accords with the length of time for which treatment
is required.

Hyperinsulinism as a causative factor has been
suggested by the finding at necropsy of hypertrophy
and hyperplasia of the islets of Langerhans in
severely affected infants with haemolytic disease
of the newborn (Liebegott, 1938; Brahler and
Dellenbach-Hellweg, 1963). This abnormality was
found at necropsy in Cases 5 and 6. The signifi-
cance of this has again been raised by the finding
at necropsy of an increased extractable pancreatic
insulin content (Driscoll and Steinke, 1967).
This suggests that cases of erythroblastosis fetalis
are at risk of developing symptomatic hypogly-
caemia. However, Driscoll (1966) felt that symp-
tomatic hypoglycaemia was not usually a component
of the grave neonatal syndrome of congenital
hydrops, and suggested that haemolysates acted
as anti-insulin agents. Plasma insulin readings
have not as yet been systematically recorded in
haemolytic disease of the newborn, either in un-
complicated cases or in those complicated by
symptomatic hypoglycaemia, but this omission
is now being remedied. Hazeltine (1967) suggests
that the hypoglycaemia results from reactive
hyperinsulinism to the glucose load of the exchange
transfusion blood. However, in these 6 infants
the onset of hypoglycaemia preceded the first
exchange transfusion in 2 infants, and started
afterwards in 4 infants. Hypoglycaemia occurring
during exchange transfusion would be unusual
(Anderson et al., 1963). The part, if any, played
by hyperinsulinism in causing symptoms in these
infants remains uncertain. Apart from the early
onset of symptoms, the clinical pattern was more
in keeping with that seen in the transient sympto-
matic hypoglycaemia of the newborn than in the
infants born of diabetic mothers.

It is suggested that cases of erythroblastosis
fetalis are at risk in respect to hypoglycaemia.
To detect the infants requiring treatment, Dextrostix
testing every 4 or 6 hours for the first day of life
seems indicated. This is particularly important
in very severely affected infants and in those who
have any unexplained symptom.

Summary
Six cases of hypoglycaemia associated with

haemolytic disease of the newborn are described.
There is an increased risk of hypoglycaemia in
infants with haemolytic disease of the newborn,
particularly in those who are severely affected.
Frequent Dextrostix testing in the first day of life
is recommended in these infants. In 2 infants
who died from intracranial haemorrhage, hyper-
trophy with hyperplasia of the islets of Langerhans
was noted at necropsy. The 4 surviving infants
are developing normally.

It is a pleasure to record my thanks to Professor
J. H. Hutchison and Dr. Margaret M. Kerr for advice
and encouragement during the preparation of this
paper.
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