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1 Introduction
Experimental studies had shown that infusions of
glucose to women prior to delivery causes ma-
ternal and transplacental hyperglycemia [2, 5, 12,
17, 24] and an increase in fetal insulin levels [2, 5,
15, 17, 24]. Prospective studies of infants whose
mothers received glucose infusion during induc-
tion of epidural or general anesthesia prior to
normal or cesarean section delivery, have also
shown a rapid postnatal fall in blood glucose level
of such infants [11, 16]. Yet, glucose containing
fluids are often administered to women during
labor for hydration, for prevention of ketosis or
for oxytocin therapy. This prospective study was
designed to determine changes in blood glucose
at 1 and 2 hours of age in term infants whose
mothers received glucose therapy during the
course of spontaneous or oxytocin induced labor
prior to a normal delivery. Neurobehavioral
changes, if any, associated with neonatal hypogly-
cemia were also studied.

2 Material and methods
The study comprised two groups of 45 newborn
infants and their mothers who delivered at the
University Hospital of the West Indies between
Spetember 1 to October 31, 1983. Mothers of 23
infants had received varying amounts of intrave-
nous infusion of glucose solution during labor for
hydration or for oxytocin therapy (study group)
while those of other 22 infants did not receive any
intravenous fluid therapy (control group). All the
decisions regarding maternal fluid and glucose
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therapy were taken by attending obstetrician and
were in no way influenced by the study. Fluid
intake of mothers in the control group consisted
of small sips of water.

Only singleton infants who were delivered va-
ginally at term (gestation 37—41 weeks) with a
vertex presentation, and had an Apgar score of 7
or more at 5 minutes were eligible for inclusion
in the study. Infants who had fetal distress, Apgar
score < 7 at 5 minutes, congenital anomalies, or
whose mothers had diabetes mellitus, toxemia of
pregnancy, chronic renal disease, or any other
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known metabolic or endocrine problems were ex-
cluded. For the sake of convenience of sample
processing, and to facilitate timely neurobeha-
vioral examination, it was decided to study only
those infants, who were delivered between 8 A. M.
to 6P.M. Informed consent was obtained from
the mothers to study their infants. The research
protocol was approved by the Hospital Ethical
Committee.

Maternal and perinatal data, and the details of
maternal fluid and glucose therapy during labor
were recorded on a data form. Gestational age
of the newborn infants was calculated from the
mothers' last menstrual period, and also assessed
by physical and neurological criteria. No discrep-
ancy was observed between the calculated and the
assessed gestational age in any of the infants.
Feeding of the newborn infants was started after
2 hours of age.

Maternal and umbilical cord venous blood sam-
ples at the time of delivery, and neonatal capillary
blood samples by heel-sticks at one and two hours
of age, were taken for determination of blood
glucose levels (by Glucose analyzer).

Neurobehavioral examination was performed on
all the babies at one and two hours of age, just
before the heel-sticks, using Scanlon's Early Neo-
natal Neurobehavioral Scale (ENNS) (SCANLON
et al. [18]). At the same time, the known clinical
signs of hypoglycemia and any other abnormal
signs were carefully looked for. All the examina-
tions were performed by the same observer (SS),
who was blind to the infant's group, and his blood
glucose values at the time of the examination.
The statistical methods used were chi-square test,
t-test, or linear correlation analysis, depending on
the nature of the data.

3 Results
The two groups of infants were similar with re-
spect to maternal and perinatal variables, gesta-
tional age, and birth weight (Table I).
The duration of intravenous fluid therapy in the
study group mothers ranged between 1 to 22 hours
(mean 4.8, SD 5.5 hours) and the total volume of
fluid between 125-2050 ml (mean 845, SD 533
ml). About 50% of all the fluid was 5% glucose
solution, and another 50% was a 10% solution;
3 mothers also received 50 ml each of 50% glucose

Table I. Maternal and neonatal variables of infants in
the study and the control group

Variables

Maternal
Age (yrs)
Primigravida
Bloos pressure

Systolic
Diastolic

Duration of labor
I stage (hrs)

II stage (min)

Neonatal
Apgar score > 7

at one min
at 5 min
Gestational age (days)
Birth weight (g)

Study
group
(n = 23)

25.3 (5.6)*
43%

120(13)
74 (10)

7.2 (3.9)
31 (16)

21
23

280 (9)
3307(417)

Control
group
(n = 22)

26.6 (3.2)
36%

120 (8)
72(12)

6.1 (3.2)
24(8)

20
22

277(11)
3164 (276)

* Mean (SD)

solution. The mothers of the study group infants
thus received between 12.5 —150 g (mean 65, SD
41 g) glucose during labor, at a rate ranging be-
tween 4.5-75 g/hour (mean 22.9, SD 15.5). Oxy-
tocin (2.5 —10 U) was received by nine mothers in
the study group; in three for induction, and in six
for augmentation of labor.

As shown in Figure 1, mean maternal and cord
blood glucose levels at the time of delivery were
significantly higher in the study group as com-
pared to the control group. Cord blood glucose
levels were about 73% and 71% of the maternal
glucose levels in the study and the control group
respectively, and the two levels showed a very
good correlation (r = 0.86, p < 0.001) (Figure 2).
A significant correlation was seen between the
amount of maternal glucose infusion per hour and
maternal and cord blood glucose levels (Figure
3). The total amount of glucose received by
mother did not show similar relationship with the
blood glucose levels.
Mean blood glucose level at the age of 1 hour
were similar in the two groups (Figure 1) but the
postnatal fall in the glucose level, between birth
and one hour of age, was significantly higher in
the study group infants (mean 3.6, SD 1.7 mmol/
1) as compared to the control infants (mean 1.3,
SD 1.0 mmol/1) (p < 0.01).
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Figure 2. Correlation between materaal and umbilical
cord blood glucose levels at the time of delivery, in study
(·) and control (O) groups.

AT 2 hours the mean blood glucose level was
significantly lower in the study infants as com-
pared to the controls (Figure 1). Most of the study
infants (17/23; 74%) showed a further fall in their
blood glucose levels between 1 and 2 hours of age;

Maternal glucose infusion (g/hour)

Figure 3. Correlation between materaal glucose infusion
rate (g/hour) and cord blood glucose level in the study
group.

only 4 showed a rise and the levels remained
unchanged in two infants. In this group mean
(SD) fall in the blood glucose levels between 1
and 2 hours was 0.36 (0.67) mmol/1. In contrast
to this, 16 (73%) of the control infants demon-
strated an increase in their blood glucose levels
between 1 and 2 hours of age (mean 0.22, SD 0.36
mmol/1) (p < 0.05).
The incidence of hypoglycemia in the two groups
was similar at 1 hour of age (Table II). But at 2
hours of age, study infants showed a 3 times higher
incidence of hypoglycemia, defined as blood glucose
level of 2.2 mmol/1 or less (SEXSON [19]) as com-
pared to control infants. Severe hypoglycemia
(glucose level < 1.6 mmol/1) at 2 hours of age was
seen in the study group infants only. Symptoms
of hypoglycemia, such as jitteriness/lethargy were
seen in five infants in the study (two at 1 hour,
two at 1 and 2 hours, and one at 2 hours) and
two infants in the control group (both at 1 hour).
None of these infants had seizures. All the
symptomatic infants had a blood glucose level of
1.6 mmol/1 or less.
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Table II. Incidence of neonatal hypoglycemia at one and
two hours of age in study and control infants

Neonatal blood
glucose levels

At one hour
(i) < 2.2 mmol/1
(ii) < 1.6 mmol/1

Study
groups
(n = 23)

8 (35%)
4 (17%)

Control
group
(n = 22)

7 (32%)
4(17%)

At two hours
(i) < 2.2 mmol/1

(ii) < 1.6 mmol/1
14(61%)*
4(17%)

5 (22.7%)
0

* p < 0.025; χ2 test

Table ΠΙ. Mean (SD) ENNS scores with respect to
normoglycemia (> 2.3 mmol/1) and hypoglycemia
(> 2.2 mmol/1) (Data from 45 infants, ENNS evaluation
done at 1 and 2 hours of age)

ENNS variables

Response to pin prick
Pin prick response decrement

score
Tone (composite score

on 4 items)
Rooting
Sucking
Moro's response
Moro's response-maximal
Moro's response-extinction
Response to light-decrement
Response to sound
Placing response
Alertness state

Hypo-
glycemia
(n = 34)

2.4 (0.8)

4.9(1.4)+

5.4(1.5)*
1.3(0.9)
1.1 (0.9)
2.1 (0.5)
2.6 (0.7)
6.9(1.8)*
3.8(1.2)*
1.2(0.6)
2.0(1.2)
2.65(1.0)

Normo-
glycemia
(n = 56)

2.6 (0.7)

5.6(1.7)

6.9(1.6)
1.2(0.5)
1.5(0.8)
2.0 (0.4)
2.3 (0.6)
5.4(2.2)
3.0(1.3)
1.1 (0.8)
2.3 (0.7)
2.0 (0.93)

* ρ < 0.001, by t-test
+ ρ < 0.05

Neurobehavioral examination: A total of 90 ENNS
evaluations were performed on 45 infants. No
difference was seen between the mean scores ob-
tained by the study and control infants on the
various items of ENNS. The data from the two
groups was pooled for further analysis with re-
spect to blood glucose levels at the time of exam-
ination. Several significant differences were ob-
served between the mean ENNS scores obtained
by the infants who had a blood glucose level of
2.2 mmol/1 or less (hypoglycemic) and those who

had a level of 2.3 mmol/1 or more (normoglycemic)
(Table III). The hypoglycemic infants had a sig-
nificantly lower mean score on muscle tone and
higher mean score on Moro's response extinction
and light response decrement as compared to the
normoglycemic infants (p < 0.001). The mean
score on pin prick response decrement was also
somewhat lower in the hypoglycemic infants.
We arbitrarily labelled extinction of Moro's re-
sponse in less than 5 attempts as early, and in 5
or more as delayed. Eighty-four per cent of all
the hypoglycemic episodes were accompanied by a
delayed extinction of Moro's response. In contrast
only 31% of normoglycemic babies had a delayed
extinction of Moro's response. A low muscle tone
score of 5 or less was seen with 53% of hypogly-
cemic episodes; as compared to this only 11% of
the normoglycemic episodes were associated with
a low muscle tone score. A low muscle tone score
(5 or less), together with a nonextinction of max-
imal Moro's response even after 5 attempts, was
seen in 44% of hypoglycemic infants, as compared
to only 2% of the normoglycemic infants.

4 Discussion
The study clearly demonstrates that the intrapar-
tum infusion of glucose solution to mothers during
the course of normal or induced labor affects neo-
natal blood glucose levels adversely and predisposed
the infant to an increased risk of hypoglycemia at
two hours of age. These observations are consistent
with the findings of previous studies on the infants
whose mothers received glucose infusion during
induction of epidural or general anaesthesia prior
of delivery [11,16] and infants of diabetic mothers
[1].
During normal pregnancy, the fetus receives a
continuous supply of nutrients for its oxidative
metabolism essentially in the form of glucose from
maternal blood. At birth this supply is abruptly
cut off. Under normal conditions rapid adaptive
changes occur to ensure an uninterrupted supply
of oxidative fuels from endogenous stores. Impor-
tant among these changes are breakdown of glyco-
gen accumulated in fetal liver during late preg-
nancy and initiation of gluconeogenesis (reviewed
by KTORZE [13]). The efficiency of these processes
depends largely on the plasma concentrations of
insulin which falls abruptly, and glucagon, which
rise acutely, immediately after birth [13, 14]. An
alteration in the normal circulating levels of one
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or both of these hormones in the immediate post-
natal period may greatly hamper the metabolic
adaptation [13]. Maternal glucose infusion by rais-
ing maternal blood glucose level facilitates diffu-
sion of higher amounts of glucose across the pla-
centa to the fetus and causes fetal hyperglycemia
[2, 5, 17, 24] which in turn stimulates fetal insulin
[2, 9] and inhibits glucagon secretion [10]. Thus a
significant increase in fetal/cord plasma insulin [4,
11, 15] and decrease in glucagon levels [3, 11]
occurs. These changes in insulin and glucagon
levels at birth are expected to increase the glucose
utilisation rate, (reviewed by CHEZ [4]), delay he-
patic glycogenolysis and gluconeogenesis [13], and
thus cause a rapid postnatal fall in the blood
glucose levels. The above explains our observation
of cord blood hyperglycemia, significant postnatal
fall in blood glucose levels and a low blood glucose
levels at 2 hours of age in the infants whose
mothers had received glucose infusion prior to
delivery.
CORNBLATH et al. [6] in a retrospective study had
shown that among vaginally delivered newborn
infants, average blood glucose levels were the
lowest in infants whose mothers received intrave-
nous infusion of glucose during labor. MENDIOLA
et al. [16] in an uncontrolled study have shown
that 11% of 56 infants, whose mothers received
glucose infusion during induction of epidural or
general anesthesia, prior to an elective cesarean
section or vaginal delivery, had a blood glucose
level < 1.6 mmol/1 at one hour of age. KENEPP et
al. [11] found that the mean 2 hour blood glucose
level in fifteen infants whose mothers received
57.5 g glucose before an elective cesarean section
delivery under epidural anesthesia, was 1.8 (SE
0.22) mmol/1, in contrast to a level of 3.4 (SE 0.2)
mmol/1, in 16 infants whose mothers received only
7.5 g glucose. Our findings show that an excessive
postnatal fall in blood glucose and increased risk
of neonatal hypoglycemia, is also present in
healthy, normally delivered infants, if mothers
receive glucose infusion for oxytocin therapy or
for hydration during labor.

Significant lowering of muscle tone and delayed
habituation to various stimuli viz. extinction of
Moro's response and pin prick and light response
decrement were seen in infants who had blood glu-
cose levels of 2.2 mmol/1 or less. This is in contrast
to the findings of MENDIOLA et al. [16] who did
not find any significant difference in the ENNS
scores of hypoglycemic and normal neonates ex-
cept better auditory habituation in hypoglycemic
infants. However, as the authors themselves
pointed out, in their study the neurobehavioral
assessment did not coincide with the exact time
of hypoglycemia.

We are unable to comment on biological signifi-
cance of neurobehavioral changes seen in the hy-
poglycemic infants. Studies have shown that ad-
verse C. N. S. effects from neonatal hypoglycemia
may occur beyond the period of hypoglycemia
[7]. It is possible that the early neurobehavioral
abnormality may be a forerunner of subsequent
neurological abnormality in an otherwise
asymptomatic hypoglycemic infants. This aspect
requires further studies.

Although there are clearly defined indications for
glucose infusion during labor, yet the practice is
not entirely safe for the newborn infant [8]. Be-
sides causing an alteration in neonatal glucose
homeostatis as shown by previous studies and our
data, infusions of glucose solution for hydration
or oxytocin therapy may also cause fetal and
neonatal acidosis [14], transplacental neonatal hy-
ponatremia [20, 23] and an increased risk of neo-
natal jaundice [21] and respiratory distress [22].
Until more definite data is available on the safe
dose and rate of glucose infusion during labor,
maternal blood glucose level in such mothers
should be monitored and kept within physiologi-
cal limits, to avoid maternal and fetal hyperglyce-
mia and subsequent risk of neonatal hypoglyce-
mia. Blood glucose levels should be monitored in
all those infants whose mothers receive glucose
infusion prior to delivery, to detect early neonatal
hypoglycemia.

Abstract

Two groups of 45 term, vaginally delivered infants were
studied to determine effect of maternal intrapartum glu-
cose therapy on neonatal blood glucose level at birth
and at one and 2 hours of age. Twenty-three infants
whose mother received glucose infusion prior to delivery

(study group) had a significantly higher mean cord blood
glucose level, lower 2 hour blood glucose levels and
about three times higher incidence of hypoglycemia (glu-
cose level < 2.2 mmol/1) as compared to 22 infants
whose mothers did not receive any glucose or fluid
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therapy. Neurobehavioral evaluation of the infants at 1
and 2 hour demonstrated, a significant association be-
tween hypoglycemia and a low muscle tone score and a
delayed habituation to various stimuli. Blood glucose

levels must be routinely monitored in infants whose
mother receive glucose infusion prior to delivery to
detect and treat early neonatal hypoglycemia.

Keywords: Glucose, glucose infusion, hypoglycemia, newborn infant, neurobehavior.

Zusammenfassung

Auswirkungen einer intrapartalen Glukosegabe an die
Mutter auf den neonatalen Blutglukosespiegel und den
neurologischen Status bei hypoglykanischen Reifgebore-
nen
Um den Effekt einer Glukosegabe an die Mutter vor
einer Spontangeburt auf die Homöostase des kindlichen
Glukosespiegels zu erfassen, wurden die Glukosespiegel
im mütterlichen Blut und Nabelschnurblut zum Zeit-
punkt der Geburt sowie l und 2 h post partum bei 45
Reifgeborenen bestimmt. 23 Mütter erhielten Glukose
intravenös vor der Entbindung (Untersuchungsgruppe),
während 22 Mütter ohne Infusion als Kontrollgruppe
dienten. Der neurologische Status aller Kinder wurde l
sowie 2h post partum erhoben und mit dem Early
Neonatal Neurobehavioural Scale of SCANLON (ENNS)
bewertet.
Die Kinder der Glukosegruppe hatten im Vergleich mit
der Kontrolle einen signifikant höheren, mittleren Blut-
glukosespiegel im Nabelschnurblut (6,5 mmol/1 vs. 3,7
mmol/1, SD 2,1 mmol/1 vs. 0,9 mmol/1, p < 0.01). Der
Abfall zwischen Geburt und 2 h post partum war größer
(p < 0.01) und die 2 h-Werte im Kapillarblut im Ver-
gleich zur Kontrollgruppe signifikant niedriger (2,1
mmol/1 vs. 2,6 mmol/1, SD 0,55 mmol/1 vs. 0,45 mmol/

l, p < 0.025, figure 1). Wir sahen eine signifikante Kor-
relation zwischen der pro Stunde infundierten Glukose-
menge und den maternalen Spiegeln (r = 0.47) bzw. den
Spiegeln im Nabelschnurblut (r = 0.61). Eine Hypogly-
kämie wurde definiert als Blutglukosespiegel < 2.2
mmol/1 und trat in 61% auf (14 von 23 Kindern), wäh-
rend sie in der Kontrollgruppe nur in 22.7% (5 von 22
Kindern) beobachtet wurde (p < 0.025, figure 2). Der
mittlere ENNS-Score war in beiden Gruppen vergleich-
bar. Eine Analyse von gepoolten ENNS-Daten zeigte,
daß hypoglykämische Episoden mit einem signifikant
niedrigeren Score hinsichtlich des Muskeltonus und
einem höheren Score hinsichtlich des Moro-Reflexes
u.a. Parameter einhergehen (p < 0.05 -0.001, fi-
gure 3). Um die Langzeiteffekte dieser mit Hypoglykä-
mien assoziierten frühen neurologischen Auffälligkeiten
zu erfassen, sind weitere Untersuchungen notwendig.
Unsere Ergebnisse zeigen deutlich, daß es bei Kindern,
deren Mütter vor einer normalen Entbindung Gluko-
seinfusionen erhalten haben, ein erhöhtes Hypoglykä-
mierisiko gibt. Bei solchen Kindern sollte routinemäßig
die Bestimmung der Blutglukose erfolgen, um Hypo-
glykämien aufzudecken und zu behandeln.

Schlüsselwörter: Glukose, Glukoseinfusion, Hypoglykämie, Neugeborenes, neurologischer Status.

Resume

Effets de Papport de glucose a la mere en perpartum sur
la glycemie neonatale et l'etat neurocomportemental des
nouveaux-nes a terme hypoglycemiques
On a dose les taux de glucose dans le sang maternel et
au sang du cordon au moment de Faccouchement ainsi
qu'au niveau du sang capillaire (talon) ä une et deux
heures de vie chez 45 enfants ä terme afin d'etudier Feffet
de Papport de glucose ä la mere avant un accouchement
normal sur Pequilibre glucidique des nouveaux-nes. Les
meres de 23 enfants ont eu une perfusion intraveineuse
de glucose avant Paccouchement (groupe etudie), tandis
que les meres de 22 autres enfants n'ont subi, ni perfu-
sion de glucose ni d'autres substance (groupe contröle).
On a egalement etudie Petat neurocomportemental de
ces enfants a l et ä 2 heures de vie, en se servant
de Pechelle neurocomportementale neonatale precoce
(ENNS) de SCARLON.
Les enfants du groupe etudie en comparaison avec ceux
du groupe contröle presentent un taux moyen de glucose

au sang du cordon significativement plus eleve [groupe
etudie: 6,5 (DS 2,1) mmol/1; groupe contröle: 3,7 (DS
0,9) mmol/1; p < 0,001], une baisse plus importante des
taux entre la naissance et deux heures de vie (p < 0,01),
et des taux de glucose ä 2 heures inferieurs [groupe
etudie 2,1 (DS 0,55) mmol/1; groupe contröle 2,6 (DS
0,45) mmol/1; (p < 0,025)] (figure I). On a trouve une
correlation significative entre la quantite de glucose per-
fusee ä la mere par heure et les taux de glucose dans le
sang maternel et au sang du cordon (r = 0,47 et 0,61
respectivement). Une hypoglycemie, definie par une gly-
cemie inferieure ou egale a 2,2 mmol/1 a ete mise en
evidence chez 61% (14/23) des enfants du groupe etudie,
alors qu'elle n'est retrouvee que dans 22,7% (5/22) des
enfants controles (p < 0,025) (figure 2).
Les scores ENNS moyens sont similaires dans les deux
groupes. Une analyse des donnees des ENNS pooles, en
tenant compte de la glycemia, a revele que les episodes
hypoglycemiques (glycemie < 2,2 mmol/1) s'accompa-
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gnent d'un score du tonus musculaire significativement
inferieur et d'un score superieur de Fextinction de la
reponse de Moro ainsi que d'une diminution de la re-
ponse a la lumiere et ä la piqüre d'epingle (p < 0,05
- 0,001) en comparaison du score lorsque Fetat glucidi-
que est normal (glycemie > 2,3 mmol/1) (figure 3). D'au-
tres etudes sont necessaires pour evaluer la signification
ä long terme de ces anomalies neurocomportementales

precoces accompagnant Fhypoglycemie. Nos donnees
seggerent fortement une augmentation du risque d'hy-
poglycemie chez les enfants ä terme dont la mere a eu une
perfusion de glucose avant un accouchement normal. II
faudrait en routine surveiller la glycemie de ces enfants
afin de depister et de traiter precocement une hypoglyce-
mie.

Mots-cles: Glucose, hypoglycemie, neurocomportement, nouveau-ne, perfusion de glucose.
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