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Summary

Blood glucose, plasma free fatty acids (FFA), cholesterol, phos-
pholipids, and triglycerides were measured in blood obtained by
heel prick from 32 neonatal surgical patients suffering from various
congenital malformations which prevented an adequate intake of
milk. The result of almost complete starvation for up to 7 days
was investigated and the effects of a surgical operation were
studied in 12 of the babies. All the babies weighed more than 2 kg
at birth.

A surgical operation caused a rise in blood glucose concentra-
tion but a variable change in plasma concentration of FFA. Blood
glucose returned to normal within 8 to 12 hr. The plasma concen-
trations of cholesterol and phospholipids did not change except in
two babies in whom the concentration of both fell. Four to 24 hr
after operation the plasma triglyceride level fell by an average of
25% but later rose.

During starvation for 7 days, the blood glucose concentration
was maintained within normal limits. Plasma FFA concentration
normally rose during the first 2 days of life and was very high
between days 3 and 5. Plasma triglyceride, cholesterol, phospho-
lipids, and total esterified fatty acids also increased after birth.
The results suggest that during starvation in the neonate there is
rapid mobilisation of fat from adipose tissue stores and a reduction
in the peripheral utilisation of glucose. There was no evidence to
suggest any impairment of fat mobilisation or metabolism even
after starvation for 7 days. After surgical injury, these changes
were accentuated because the rate of utilisation of fat was greater
than that of mobilisation.

Speculation

Babies of normal birthweight may be more able to cope with
starvation and surgical injury than is generally realised.

Measurements of the respiratory quotient of newborn babies
indicate that perhaps as much as 80% of the energy requirement
is derived from fat (2). Although carbohydrate is the main source
of energy in the fetus, soon after birth and before feeding is started
there is a rapid fall in glycogen reserves (27), and in the blood
glucose concentration (5) and an increase of plasma free fatty
acids (FFA) and ketone bodies (18, 19).

Surgical operations in the neonate are nearly always accompa-
nied by starvation which may be prolonged especially if the
gastrointestinal tract is involved (32). In the human baby, depot
fat accounts for 10 to 15% of body weight (31), and it may be the
main source of energy during starvation soon after birth (12).

Many regimes are used for the parenteral nutrition of newborn
infants after operation, based on the use of glucose and other
carbohydrates, amino acid solutions, and fat emulsions, but there
is disagreement as to when and how such solutions should be
used. In the present investigation, the plasma concentrations of
glucose and lipids were measured in a group of neonatal surgical
patients who were selected for study because either they had not
been fed or had vomited most of the feeds they had been given.
The purpose of this investigation was to determine how well the
neonate can maintain normal plasma concentrations of glucose
and lipids during starvation and whether these estimations could
be used as a basis for assessing the baby’s nutritional status. In
addition, we wished to investigate the metabolic effects of injury
in the neonate because little work has been done on this important
aspect of neonatal care.

PATIENTS AND METHODS

The newly born babies who were chosen for this investigation
(Table 1) had been admitted as emergencies for the surgical
treatment of various congential anomalies. In such patients, blood
is invariably taken for grouping and cross-matching of blood for
transfusion at operation and for other purposes associated with
their clinical management, and blood was obtained for our esti-
mations at the same time with their parents’ consent. Patients are
operated on only when compatible blood is available. Most babies
had not been fed at all, and those who had had vomited or
regurgitated most if not all, of the feeds. This information was
obtained from the case notes on admission to hospital. In addition
a clinical assessment of the babies’ nutritional condition was made
from, among other things, the appearance of stools and the state
of the bowels at operation. In a few of the babies, electrolytes had
been infused intravenously, but none had been given any glucose
solution before or during operation. At the time these observations
were made, anaesthesia was induced and maintained with a
nitrous oxide-oxygen mixture with small quantities of halothane
and the intermittent injection of suxamethonium; this and other
drugs used by the anaesthetists were diluted with sterile water and
injected directly into a needle inserted into a scalp vein; continuous
intravenous infusions were not used. At times during the course
of the operations, these babies were only lightly anaesthetised,
and this no doubt led to the release of endogenous catecholamines
which would mobilise FFA and glucose.

The duration of starvation before operation was related to delay
or errors in diagnosis. After operation, our objective was always
to feed the babies in one way or another within 24 hr, either
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Table 1. Details of the 32 babies in whom blood lipids were analyzed

Birth

Age at blood
weight sampling
Case (kg) Disease Milk (hr) Outcome
1 3.18 Myelomeningocele None 14, 18', 26 Survived
2 2.64 Anorectal atresia None 18, 21, 30,' 43! Survived
3 2.52 lleal atresia Some absorbed 25,28, 37.' 49! Died, aged 3 wk
4 2.16 Duodenal atresia Some into 88.92.' 111" Died, aged 5 wk
stomach
5 2.95 Meconium ileus Some absorbed 92, 122,' 134' Survived
6 2.87 Hiatus hernia None 106 Survived
7 3.69 Myelomeningocele None 162 Survived
8 3.46 Teratoid twin None 24 Died, aged 8 yr
9 272 Diaphragmatic hernia, hy- None 7 Died, aged 48 hr
poplastic L lung, bilat-
eral pneumothorax
10 2.75 Anorectal atresia None 57 Survived
11 2.16 Exomphalos, duodenal Little absorbed 91’ Died, aged 36 days
atresia
12 3.07 Meconium ileus Some absorbed 4 Survived
13 2.68 Hiatus hernia None 107 Survived
14 4.02 Myelomeningocele None 28" Survived
15 2.72 Anorectal atresia None 24 Survived
16 343 Anorectal atresia None 30 Survived
17 2.74 Exomphalos None 24 Survived
18 261 Anorectal atresia None 9, 23, 28, 29" Survived
19 2.67 Oesophageal atresia None 71, 74,77, 81.' 92.' 95, Survived
100,' 106'
20 3.48 Swallowed endotracheal None 32' 35' 42! Survived
tube, respiratory distress
21 341 Hiatus hernia Some taken but 86, 95 Survived
vomited
22 3.37 Myelomeningocele None 4,811, 18" 22" Survived
23 236 Oesophageal atresia None 40, 45.' 48,' 55.' 59." Died, aged 2 yr
65.' 72," 82!
24 2.09 Duodenal atresia 37 wk Some taken 24,29, 30," 36,' 48’ Survived
gestation
25 3.24 Anorectal atresia None 31! Survived
26 3.29 Intestinal obstruction Some absorbed 24,25,' 29.' 45" Survived
27 2.45 Intestinal obstruction Some absorbed 89! Survived
28 2,75 Pseudointestinal obstruc- Some absorbed 52,72 Survived
uon
29 335 Spina bifida hydrocepha- None 9. 17' Survived
lus
30 3.29 Meconium obstruction Some absorbed 79. 91" Died, aged 13 wk
31 3.27 Low ileal atresia Some absorbed 144, 146.' 162," 168" Survived
32 2.73 Myelomeningocele None 23 Survived

' Blood sampled after an operation.

normally by mouth or by transanastomotic tube placed at opera-
tion for cesophageal or duodenal atresia. When feeds were delayed
beyond 24 hr, this was only because this was judged to be necessary
on clinical grounds and was in no way related to our studies. The
initial feeds were usually 5 ml of 5% glucose solution every hr,
which were changed to expressed breast milk or modified cow’s
milk after 5 or 6 hr. However, no samples for our study were taken
once the initial feeds were started, and starvation was never
prolonged for the purpose of this investigation. Blood for our
analyses was taken only when it was being withdrawn for other
reasons directly connected with the clinical management and
treatment of the baby.

The babies were divided into eight groups according to age at
the time of blood sampling (Table 2). All the babies were nursed
in incubators maintained at about 30°C. Relative humidity was
not measured. Because of the absence of control groups of nor-
mally fed babies, the results have been compared with previously
published values where the same analytical methods or methods
based on the same chemical reactions had been used.

After pricking the warmed heel, blood was collected into he-
parinised capillary tubes. A total of not more than 0.4 ml of blood

Table 2. The numbers of babies studied and blood samples taken '»
No. of babies No. of blood

Age at blood sampling (hr) in group samples taken

Cord blood 1 11

4-12 4 6

12-24 10 14

24-36 10 16

3648 8 10

48-72 6 10

72-96 8 15

96-120 4 7
120-168 3 7

' The babies were grouped according to age. Some babies are included
in more than one group. depending on how long they were included in the
study.

was taken at any one time. For glucose estimation, whole blood
was added to test tubes by the bedside and immediately subjected
to protein precipitation. The remaining blood was centrifuged to
collect the plasma. The samples were stored at —20°C until
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analysed. Blood glucose was estimated using glucose oxidase (11)
and plasma FFA was measured according to the method of Novak
(17). The other plasma lipids were extracted and analysed for total
cholesterol, triglyceride fatty acids, and phospholipids as previ-
ously described (18). For comparison, eleven samples of umbilical
cord venous blood, obtained after normal delivery at term, were
analysed in the same way.

RESULTS

THE EFFECT OF OPERATION

In 14 of the 32 babies listed in Table I, blood was sampled
before and after operation. The plasma FFA concentrations in
individual babies are shown in Figure I; the differences before
and up to 12 hr after operation were not significant. In contrast,
the blood glucose concentrations were increased immediately after
operation (Fig. 2) and declined towards the pre-operative levels
within 8 to 12 hr. Figure 3 shows changes in the plasma concen-
trations of phospholipids, cholesterol, and triglycerides, respec-
tively. after operation. Sufficient blood for these estimations was
obtained in eight of the 12 babies mentioned above (cases 2, 3. 4,
18, 19, 22, 23, and 24). For reasons of clarity, the results have
been plotted as changes from the pre-operative levels because
their initial values varied according to the age of the infants,
concentrations in the older babies being higher.

There was no significant change in either the plasma total
cholesterol or phospholipid concentrations after surgical injury. In
two babies, however, there was a large fall in both occurring
between 4 and 12 hr after return from the theatre, but there was
no clinical explanation for this. In individual babies, the changes
in plasma cholesterol concentrations were most often associated
with similar changes in phospholipid levels. The pre-operative
cholesterol concentration was 119 + 11 mg % (mean *+ S.E., range
78 to 183 mg %). The pre-operation plasma phospholipid level
was 167 = 8 mg % (mean * S.E.; range, 140 to 207 mg %).

The plasma triglyceride concentrations are shown in Figure 3c.
The mean level found before operation was 1.6 + 0.3 mM (mean
+ S.E.: range, 1.0 to 2.9 mM). After operation, the concentration
fell in every baby studied: the trough occurred after 8 to 24 hr
with slight subsequent rises. The drop represented a change in
concentration of about 0.3 mM, and in some cases where the
values were initially low. this represented a fall of up to 50%.

THE EFFECT OF STARVATION

The plasma FFA levels in the 32 neonatal patients as measured
during the first week of life, together with previously published
data for normal fed babies, are shown in Table 3 with our
determinations on 11 samples of cord blood. There is a postnatal
rise in serum FFA in both normal and starving babies. A second
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Fig. 1. Serum concentrations of FFA in 14 of the starving babies listed
in Table 1 before and after operation.
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Fig. 2. Changes in the blood glucose level in the same babies shown in
Figure 1. The rise in blood glucose up to 4 hr postoperatively was highly
significant (P < 0.001). After 4 to 8 hr, the concentration was still raised
(P < 0.05). but returned to its initial level 8 to 12 hr after the operation.
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Fig. 3. Changes in the plasma concentrations of total cholesterol (a).
phospholipids (b), and triglycerides (c¢) in eight starving babies after
operation. Changes were significant for triglycerides only. Sixteen hr after
operation, the levels were lower (P < 0.001) compared with before surgery.
Points, mean value: bars, + S.E.
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Table 3. Blood glucose and plasma FFA concentrations during the first wk of Vlifre'

Blood glucose Plasma FFA

(mg/100 ml) (mEq/liter)
Age (hr) Normal (6) Starved Normal (18) Starved
Cord blood 86 + 8° 85+3 0.25 £ 0.07 0.27 + 0.03*
0-12 532 64 + 6 0.93 + 0.09 091 +0.18
12-24 56 £2 68 +4 1.23 £ 0.10 1.17 £ 0.08*
24-36 58 +2 72+6 1.06 + 0.08 0.93 £ 0.08
36-48 57+3 75+6 1.12 £ 0.09 0.83 +£0.09
48-72 70+ 4 726 1.00 £ 0.10 0.90 + 0.08’
72-96 69 + | 757 1.58 + 0.17*
96-120 694 64+ 8 1.20 £ 0.13
120-168 712 96 + 23 091 + 0.08 098 +0.13

' The number of babies in each group and number of blood samples taken are shown in Table 2. The range of glucose values in the starving babies
was from 30 to 116 mg/100 ml. Blood glucose levels determined up to 12 hr after operation are excluded.

*Mean + S.E.

* Difference between means for starving babies. P < 0.001 (Student’s / test).

Table 4. Changes with age in plasma lipids in normal and starved babies'

Triglycerides Esterified fatty acids Phospholipids Total cholesterol
(mM) (mEg/liter) (mg/100 mi) (mg/100 ml)
Normal Normal

Age (hr) Normal (18) Starved Normal (18) Starved (15.19) Starved (15, 19) Starved

Cord blood 041 + 0.04° 0.72 = 0.05 5709 6.7 +0.5 653 88 £ 8 96 + 4 839
0-12 1.23 £ 045 55+ 04 84+ 1.1 93 + 10 150 + 12

12-24 0.71 £ 0.12 1.13 £ 023 7.7+0.7 856 91 +7 1159 118 £7

24-36 1.46 + 0.20 8.8 + 0.9 92+0.38 109 £ 11 158 + 8
36-48 1.33 + 0.10 104+ 13 9.3+ 0.6 108 + 7 170 £ 11
48-72 1.18 £ 0.10 1.20 + 0.19 89+ 09 102 £ 7 1199 156 £ 6 171 £ 17
72-96 2.16 £ 0.22 11.8 £ 0.8 124 + 13 180 + 12
96-120 1.18 = 0.09 1.83 £ 0.16 11.5+ 0.8 126 £ 9 126 + 18 162+ 7 180 £ 11
120-168 1.08 + 0.09 2.87 + 0.66 122+ 1.2 125+ 1.7 120 £ 10 925 152+ 6 179 £ 10

' For number of babies and number of observations in each group, see Table 2.

*Mean + S.E.

peak was observed in the latter group between 72 and 96 hr of
age. The blood glucose results for the same infants are also shown
in Table 3. Glucose determinations made up to 12 hr postopera-
tively (Fig. 2) have been excluded. The results are compared with
normal levels and with our values for cord blood. Blood glucose
concentrations were maintained within normal limits of 30 to 125
mg/100 ml°. The upper limit was exceeded only after a surgical
operation (Fig. 2). The blood glucose concentration was below 40
mg % in only one baby (case 3).

Table 4 shows the results for plasma triglycerides, phospholip-
ids, cholesterol, and total esterified fatty acids. The results are
shown with published data and our cord blood values. Plasma
total cholesterol and phospholipids increased after birth in both
fed and starving babies, although the increase in the latter group
was significant only for the phospholipids. Plasma triglycerides
and total esterified fatty acids likewise increased with age, the
increase in the latter being significant after 72 hr.

DISCUSSION

In this investigation, the effects of the two different stresses of
surgical operation and starvation were studied. Because the one is
superimposed upon the other, it is impossible to separate their
effects. The main problem in interpreting the results is in estimat-
ing the effects of operation on the pattern of changes observed
during starvation. A second difficulty is related to the nutritional
state of the babies. Some with low intestinal obstruction had
obviously taken and absorbed a certain, but unknown, amount of
milk, and although these patients were carefully selected for study

only after a clinical assessment of the baby’s food intake, this fact
should be borne in mind when interpreting the results.

THE EFFECT OF OPERATION

The plasma FFA level showed a variable response to surgical
injury (Fig. 1). Naftalin (16) and Stoner (28) concluded that injury
causes an increase in FFA turnover. Pinter (20), in a study similar
to our own, found a slight increase in plasma FFA during opera-
tion followed by a further increase which was greatest in babies in
whom the operation did not involve the alimentary tract. A rise in
plasma FFA also occurs after laparotomy in unfed newborn
rabbits (8). The weight of evidence suggests that there is an
increased FFA turnover in the newly born human or rabbit after
surgical injury, but a firm conclusion cannot be made until FFA
turnover has been directly measured.

It is well known that injury causes a rise in the blood glucose
concentration in adult man, coupled with a reduction in glucose
tolerance (25). We also found an increase in the blood glucose
concentration after operation (Fig. 2), but the concentration re-
turned to normal within i2 hr in contrast to adult surgical patients
where it may remain high for several days (1). Our results are very
like those reported by Pinter (20). An increase in slood glucose
might be caused by increased production or decreased utilisation
of glucose or a combination of the two. Glucose utilisation has
been measured with the intravenous glucose tolerance test in
neonatal patients after operation and was found to be low (9). It
seems likely that in these patients the type of anaesthesia which
was used, with the likelihood of endogenous catecholamine
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release, was an important factor in the rise in blood glucose
concentration soon after operation. Similar results have been
obtained in newborn rabbits (7) and in puppies (22).

It is generally agreed that plasma FFA originates mainly from
adipose tissue. Endogenous plasma triglyceride is produced by the
liver from circulating FFA and is released into the circulation in
the form of lipoproteins. The very low density lipoproteins are
rich in triglyceride, which by hydrolysis can provide tissue with
fatty acids for energy and for storage. Most of the babies in this
study were unfed so that the circulating lipids were probably of
endogenous origin.

Our results demonstrate that surgical injury has little effect on
circulating cholesterol and phospholipids (with the exception of
two patients) but does reduce triglyceride concentrations. The
plasma neutral lipids in adult man after a surgical operation have
been studied by Man et al. (14), Cholette et al. (4), and Wadstrom
(30), all of whom found that the plasma triglycerides fell shortly
after operation. The reduction in the triglyceride concentrations
of babies after operation may indicate accelerated stripping of
fatty acids from endogenous lipoprotein for energy production.
This requires further investigation, especially in view of the use of
fat emulsion for intravenous feeding after operation. It is unlikely
that hepatic production of lipoprotein was disturbed because there
was little change in the concentrations of cholesterol and phos-
pholipids.

STARVATION

Starvation for up to a week did not result in hypoglycaemia in
babies of normal birth weight (Table 3). Thus, except in the case
of premature or underweight babies, the administration of intra-
venous glucose to prevent “starvation hypoglycaemia” is unnec-
essary.

As well as representing another source of energy, FFA have a
glucose sparing action (24). it is tempting, therefore, to relate the
maintenance of a normal blood sugar during starvation with the
availability of body fat. In the newborn pig where fat reserves are
equivalent to only 1% of body weight (10), hypoglycaemia devel-
ops quickly during starvation, and this is associated with a fall in
plasma FFA levels (29). When the piglets have been fed, however,
and have built up their fat reserves, starvation results in a prompt
elevation of blood FFA, and circulating glucose is kept within
normal ranges. In starved newborn rabbits, the clearance rate of
injected glucose was found to follow a reciprocal pattern with the
plasma FFA level (7, 8). The human neonate at term contains
much more fat than the piglet.

The serum FFA levels were high in the babies of this investi-
gation, especially between the third and fourth days of life (Table
3). We observed a similar postnatal rise in concentration to that
found in normal babies. The lower levels found in the normal
babies after the first 2 days may be due to feeding. Even after 7
days of almost complete starvation, there was no evidence to
suggest an impaired mobilisation of fatty acids from adipose
tissue. We did not find any relationship between blood glucose
and serum FFA concentrations in our patients. Pinter (20, 21) also
failed to find such a relationship in babies studied during and
immediately after operation and over the next few days.

From metabolic balance data, Hughes er al. (12) calculated that
only about 8% of body protein (29 g) was catabolised when a 3 kg
neonate was starved for 12 days, yet 30% of the baby’s fat was
used up. Because of this low conversion of protein, the ability to
reduce peripheral glucose utilisation would be of advantage to the
starving neonate, but whether or not high FFA turnover can result
in reduced peripheral glucose uptake remains to be confirmed.
Glycerol released from adipose tissue during lipolysis could be a
source of blood glucose.

It has been known for many years that the lipid concentration
of mixed cord blood is lower than that of maternal blood (3).
Lipid concentration in the venous blood of babies rises during the
first week of life (26). If glucose alone is fed to newborn infants
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for the first 3 to 5 days of life, then the total fatty acid, cholesterol,
and phospholipid content of plasma rise more slowly than when
breast milk is given (13, 23). This is probably the consequence of
decreased FFA mobilisation from adipose tissue because glucose
infusions reduce the postnatal rise in plasma FFA from which
endogenous lipoprotein triglyceride is produced (18). However,
the possibility that exogenous fat from milk is present in plasma
from fed babies cannot be excluded.

Our results indicate that the plasma cholesterol, phospholipids,
triglycerides, and total esterified fatty acids increase after birth in
unfed babies in a similar way, but perhaps not so markedly, as in
normal babies (Table 4). One has to bear in mind that on the one
hand surgical injury resulted in a temporary lowering of the total
fatty acid level (Fig. 3c) resulting in an underestimation, while on
the other hand, there is some doubt as to the nutritional state of
some of the babies, and we may have detected lipids of exogenous
origin in the plasma.

In conclusion, we did not have any evidence to suggest that
endogenous sources of energy were not supplying a sufficient
amount of calories to cover the requirements of babies of normal
birth weight during starvation caused by congenital anomalies
and during and after the surgical operations required to correct
them.
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