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Milner, R. D. G., Fekete, M., and Assan, R. (1972). Archives of Disease in
Childhood, 47, 186. Glucagon, insulin, and growth hormone response to
exchange transfusion in premature and term infants. Exchange transfusions
were performed on premature or term infants using blood preserved with acid citrate
and glucose. The plasma concentrations of glucose, free fatty acids, insulin,
glucagon, and growth hormone were measured in the donor blood and in blood from
the infant at different times during the transfusion. The total amounts of metabolite
and hormone infused and removed from the infant were calculated. The exchange
transfusion caused a larger rise in plasma glucose of premature infants than of term
infants, due in part to a higher plasma glucose in the donor blood used for premature
infants. Despite the higher plasma glucose levels, the premature infants secreted
less insulin in response to the glucose challenge, as judged by the rise in plasma insulin
and the insulin balance. The transfusions were associated with increased growth
hormone secretion in both groups. Premature infants secreted more growth hormone
per kg bodyweight than term infants. Plasma glucagon levels in term and premature
infants before transfusion were higher than those found in normal infants under
comparable conditions. The transfusion caused a similar fall in plasma concentra-
tion and a similar negative balance of free fatty acids and glucagon in each group.

Glucagon, insulin, and growth hormone (GH)
secretion have been studied during exchange
transfusions in 2 groups of infants, one term and
the other premature. By careful selection of
patients and attention to conditions of transfusion,
it is possible to make comparisons of hormonal and
metabolic interrelations between the groups which
are a function of gestational age. The investiga-
tion was performed in the hope that the study of
infants with hyperbilirubinaemia might yield
information of a qualitative nature which could be
extrapolated to the normal premature and term
infant.

Patients and Methods
Two groups of infants were studied, one term,

gestational age 37 weeks or more, and the other prema-
ture, gestational age 36 weeks or less. Clinical details
of the groups are given in Table I. All infants were of
normal birthweight for their gestational age by the
criteria of Butler and Alberman (1969). Two trans-
fusions in the premature group were performed for
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hyperbilirubinaemia of unknown aetiology; all other
transfusions were carried out for rhesus incompatibility
ofmild or moderate severity. Pregnancies were unevent-
ful apart from rhesus sensitization and all infants were
born spontaneously except 2 who were delivered by
caesarean section for maternal reasons. One of the
premature infants needed resuscitation and definite
signs of cerebral damage were detected later.
Exchange transfusions were performed with blood

preserved with acid citrate and dextrose (2 * 0 g disodium
citrate and 3 0 g dextrose dissolved in 120 ml water).
The transfusion technique was the same as that described
by Milner et al. (1972). The rate of transfusion and
volume exchanged were similar in the 2 groups (Table I).
The collection, storage, and methods of analysis of
blood samples were as described previously (Milner
et al., 1972).

Results
In the donor blood used for the transfusion of

term infants it happened that the mean concentra-
tion of glucose was lower (P <0 05), and of insulin
higher (P<0 * 05) than in the blood used for
premature infants. The mean level of all other
substances which were measured was similar in
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TABLE I

Clinical Details of Infants Studied

Number and Sex

Male Female

Birthweight (g)

Mean Range Mean

Term 7 3 3144 2550-4020 38
Premature 7 2 2024 1100-2680 34

*Calculated as: volume exchanged divided by blood volume of infant (85 ml/kg).

the donor blood used in the 2 clinical groups.

No significant difference was found in the mean

concentration of glucose, free fatty acids (FFA),
insulin, glucagon, and GH between the term and
premature infants at the start of the transfusion
(Table II).
The plasma glucose of both groups of infants

rose progressively during the transfusion due to
the high plasma glucose concentration in the
donor blood. The rise in plasma glucose concen-

tration of the premature infants was greater than
that of the term infants, the difference being
significant from the 200 ml point onwards (P
<0 025). In both groups there was a highly
significant positive glucose balance (P <0 001),
but, due to the lower plasma glucose concentration
of the donor blood in the transfusions of term
infants, the amount of glucose infused in this group

per kg body weight was less than that infused in
the premature infants (P <0 005). For the same

reason the positive glucose balance in premature

infants was greater than that in the term infants
(P <0 025) (Table III).
The plasma FFA level was similar in both groups

of infants at the start of the transfusion, and much
higher than that in the donor blood. During the
transfusions the level fell continuously. Despite
the uniformity of the plasma FFA level in the donor
blood and the 2 groups of infants before transfusion,
the plasma FFA fell faster in the premature infants.
After 200 ml had been transfused the mean plasma
FFA was lower in the premature than in the term
infants (P <0 02), but by the end of the trans-
fusion there was no significant difference between
the groups. In each group there was a significant
and very similar negative FFA balance.
The mean plasma insulin concentration in the

donor blood was fortuitously very similar to that in
each group of infants at the start of the transfusion
(Table II). During transfusion there was a signifi-
cant rise in plasma insulin levels in both groups.
The rise was greater in the term group than in the

TABLE II
Mean (+ SE) Plasma Concentration of Metabolites and Hormones During Exchange Transfusion in Term

and Premature Infants

Donor 0 ml 100 ml 200 ml 300 ml 400 ml

Glucose (mg/100 ml)
Term 386±35 (10) 75 ±4 (10) 120±3 (10) 139±4 (10) 153±8 (10) 157±14 (8)
Premature 480 ±28 (10) 62±4 (10) 131 ±6 (10) 166 ±9 (10) 198 ±13 (9) -

FFA (gmolll.)
Term 302±47 (10) 1299 ±155 (10) 983 ±80 (10) 817±72 (10) 596 ±70 (10) 503 ±70 (8)
Premature 277 ±52 (9) 1296 ±204 (9) 778 ±73 (9) 573 ±58 (9) 450 ±49 (8) -

Insulin (U/ml)
Term 37±6 (10) 34±6 (10) 64±17 (10) 63±10 (10) 74±17 (10) 81+15 (8)
Premature 20±-2 (10) 24±4 (10) 37±6 (10) 42 ±7 (10) 40±4 (9) -

Glucagon (pg/ml)
Term 282±29 (10) 513±80 (10) 433±62 (10) 423±62 (10) 410±54 (10) 377±36 (8)
Premature 275±51 (8) 613±172 (8) 470±55 (8) 368±32 (8) 338±39 (7) -

Growth hormone (ng/mll)
Term 3±0 7 (10) 29±4 (10) 45±8 (10) 58±9 (10) 84±16 (10) 94±31 (8)
Premature 2±0.3 (10) 32±5 (10) 55±9 (10) 99 ±15 (10) 134 ±26 (9)

Number of observations shown in parentheses.
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TABLE III

Amounts (I SE) of Metabolites and Hormones Infused and Removed in Exchange Transfusions in Term and
Premature Infants

Metabolite or Hormone In/kg body weight Out/kg body weight

Glucose (mg)
Term 217 ±22 100 ± 7* (10)
Premature 348 ±32 142 ±18* (10)

FFA (p.mol)
Term 16±2 61 ±6* (10)
Premature 23 ±6 68±1lt (9)

Insuilin (mU)
Term 1*91±0*42 4-33±0*70t (10)
Premature 1 *55 ±0 25 3 *67±0*83$ (10)

Glucagon (ng)
Term 16-4±2-1 29-2 ±4-4: (10)
Premature 22-6±5-0 39-1 ±8-6 ( 8)

Growth Hormone (tt)
Term 0*21±0*05 4-57±0*68* (10)
Premature 0 18±0 04 7 39,1 22* (10)

The number of observations are shown in parentheses.
Level of significance: *P <0 001, tP <0 01, $P <0 03, for comparison of amount removed against amount infused.

premature group (P < 0 05). A similar and signifi-
cantly negative insulin balance occurred in both
groups (Table III).

In both groups a progressive and large rise in
plasma GH levels occurred during exchange
transfusion, despite the much lower plasma GH
levels in the donor blood than in the infants before
transfusion. The mean rise of plasma GH in the
premature group was 90 + 21 ng/ml which was
greater than that occurring in the term group,
68 ± 26 ng/ml (P <0 05). A highly significant
negative balance of growth hormone occurred in
each group. This was 7-2 ± 1-2 ,ug/kg in the
premature group which was not significantly
greater than the net loss of GH in the term group,
436 ± 0*69 ,ug/kg.
The plasma glucagon level in the donor blood

was lower than that in the infants before transfusion.
During transfusion there was a gradual, progressive
fall in plasma glucagon levels in each group.
There was a negative glucagon balance in each
group which was significant in the term infants,
but larger and more variable in the premature
infants.

Discussion
The purpose of this investigation was to use

exchange transfusions as a tool to study the effect
of gestational age on the secretion of insulin,
glucagon, and growth hormone. Previous work has
shown that during exchange transfusions using
blood preserved with acid citrate and glucose there

is increased secretion of insulin and growth hor-
mone (Milner et al., 1972). Though infants
undergoing exchange transfusion are abnormal
because they are hyperbilirubinaemic and usually
suffer from erythroblastosis fetalis, it is possible,
by careful selection, to pick 2 groups which are
comparable in all respects except for the chosen
variable: gestational age. In the present study all
but 2 premature infants suffered from rhesus
incompatibility. The 2 premature infants with
hyperbilirubinaemia of unknown aetiology were
included for analysis because the measurements in
these 2 were characteristic of those in the premature
group as a whole. The other important uncontrol-
led difference between the 2 groups was that the
donor blood for the term infants had significantly
lower plasma glucose concentration than that for
the premature group. In one respect the difference
in the donor blood glucose was a disadvantage,
since it was a possible cause of increased GH
secretion in the premature group. In another
respect the higher donor blood glucose of the
premature group was an advantage, since it empha-
sized the lower insulin secretion occurring in prema-
ture infants in response to hyperglycaemia.
The results of .he investigation show that

premature infants secrete more growth hormone
and less insulin during exchange transfusion than
term infants. No difference between the 2 groups
was detected in glucagon secretion.

It may be assumed that during exchange trans-
fusion the stimulus to insulin secretion is the
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glucose in the donor blood. Despite the premature
infants receiving a larger glucose load and having
thereby higher plasma glucose levels, they secreted
less insulin. It is permissible to speak of insulin
secretion since the mean plasma insulin level in the
donor blood was similar to that of the infant
before transfusion in each group, a similar negative
insulin balance occurred in each group, and the
rise in plasma insulin concentration in the term
infants was approximately twice that in the prema-
ture group. Though many authors have suggested
that the capacity of the term infant to secrete insulin
is greater than that of the premature infant, this
study is, as far as we can tell, the first direct demon-
stration of the fact.
A significantly greater rise in plasma GH levels

occurred during the transfusion of premature
infants than of term infants. This, coupled with
the larger negative balance of GH in the premature
group, indicated that premature infants secreted
more GH than term infants during the transfusion.
The increased plasma glucose levels in the prema-
ture group were not thought to be the main cause
of increased GH secretion, as exchange transfusions
in small-for-dates infants producing hypergly-
caemia similar to that seen in the premature had
caused an increase in GH secretion similar to that
observed in the term group (Milner et al., 1972).
Since the gestational age of the small-for-dates
infants was the same as that of the term group, and
the body weight similar to that of the premature
group, it is apparent that the GH response is more
a function of gestational age than body weight.
It is known that the increased GH secretion in
exchange transfusions is due, in part, to the presence
of glucose in the donor blood and, in part, to other
factors (Milner et al., 1972). It is not known to
what degree the increased secretion of GH in
premature infants undergoing exchange transfusion
may be the result of the procedure being more
stressful to the premature infant.
The plasma glucagon levels and the glucagon

balance were similar in the term and premature
infants. No effect of gestational age on glucagon
secretion during exchange transfusion was detected.

An interesting difference in the plasma concentra-
tion of glucagon was noted when the pre-exchange
plasma levels of all term and premature infants
studied were compared with the measurements
made on normal infants under comparable condi-
tions (Fekete et al., 1972). The mean (± SE)
plasma glucagon level in 23 term infants before
exchange transfusion was 605 + 75 pg/ml and in 9
normal term infants was 355 ± 47 pg/ml. In 8 rhesus
affected premature infants before transfusion the
mean (I SE) plasma glucagon was 613 ± 172 pg/
ml and in 12 premature infants who were otherwise
normal the level was 390 ± 63 pg/ml. The signifi-
cance of high plasma glucagon levels in rhesus
affected infants is not clear.

Detailed comparisons of hormonal and metabolic
changes during exchange transfusion with blood
preserved with acid citrate and glucose in term
normal-for-dates, term small-for-dates, and prema-
ture infants have not been presented in this paper
and its companion paper (Milner et al., 1972) for
the sake of clarity. The term normal-for-dates
group of infants is common to both studies and
therefore further comparisons may be made
between appropriate groups.
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