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Difficulties in managing
hyperglycemia in extremely
low birth weight infants -
case report

Abstract Rezumat

Introduction. Studies have shown that 60-80% of extremely
low birth weight (ELBW) newborns develop hyperglycemia
in the first two weeks of life. The cause is usually iatrogenic,
through high rates of exogenous glucose infusion from
total parenteral nutrition (TPN). Other mechanisms are
represented by insulin resistance due to the immaturity of
enzyme systems, increased hepatic production of glucose,
the inability to inhibit gluconeogenesis, and by the effect
of stressors through the action of catecholamines. Hyper-
glycemia generates multiple harmful effects, which can be
reduced with the help of insulin therapy, optimizing growth
and avoiding fluid overload. Materials and method. We
present the case of three ELBW newborns with neonatal
respiratory distress, who required surfactant and invasive
mechanical ventilation, along with prolonged TPN. The
newborns developed persistent hyperglycemia in the first
weeks of life (plasma glucose above 180 mg/dl) despite

the decrease in glucose concentration and infusion rate,
requiring insulin infusion. Results. In all three cases, it was
relatively difficult to control the plasma glucose levels.
Weight gain was satisfactory, but the patients presented
multiple severe complications. Conclusions. The manage-
ment of metabolic complications of ELBW newborns is
important due to the major implications in their prognosis
and survival. A special interest has recently been given to
the concept of cellular modulation in critical periods of de-
velopment and the influence in the subsequent occurrence of
some diseases. Extrauterine adaptation in ELBW newborns
involves biochemical and metabolic adjustments, with
immediate and long-term impact.
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Introducere. Studiile au ardtat cd 60-80% dintre nou-ndscutii
cu greutate extrem de micd la nastere (ELBW) dezvolta hiper-
glicemie in primele doud sdptdmani de viatd. Cauza este de
obicei iatrogend, prin rate mari de perfuzie exogend de glucozd
din nutritia parenterald totald (NPT). Alte mecanisme sunt
reprezentate de rezistenta la insulind din cauza imaturitdtii
sistemelor enzimatice, cresterea productiei hepatice de glu-
cozd, incapacitatea de a inhiba gluconeogeneza si de efectul
factorilor de stres prin actiunea catecolaminelor. Hiperglice-
mia genereazd multiple efecte nocive, care pot fi reduse cu
ajutorul terapiei cu insulind, optimizand cresterea si evitdnd
supraincdrcarea cu lichide. Materiale si metodd. Prezentdm
cazul a trei nou-ndscuti ELBW cu detresd respiratorie neonata-
Id, care au necesitat surfactant si ventilatie mecanicd invazivd,
aldturi de NPT prelungitd. Nou-ndscutii au dezvoltat hiper-
glicemie persistentd in primele sdptdmani de viatd (glucozd
plasmaticd mai mare de 180 mg/dl), in ciuda scdderii concen-
tratiei de glucoza si a ritmului de infuzie, necesitdnd adminis-
trarea de insulind. Rezultate. In toate cele trei cazuri, a fost
relativ dificil sd se controleze nivelurile plasmatice de glucozd.
Cresterea in greutate a fost satisfdcdtoare, dar pacientii au
prezentat complicatii multiple si severe. Concluzii. Manage-
mentul complicatiilor metabolice ale nou-ndscutilor ELBW
este important, din cauza implicatiilor majore in prognosticul
si supravietuirea acestora. Un interes deosebit a fost acordat
recent conceptului de modulare celulard in perioadele critice
de dezvoltare si influentei in aparitia ulterioard a unor boli.
Adaptarea extrauterind la nou-ndscutii ELBW implicd ajustdri
biochimice si metabolice, cu impact imediat si pe termen lung.
Cuvinte-cheie: ELBW, terapie cu insulind, glucozd,
complicatii

smemine— Dificultdti in managementul hiperglicemiei la nou-ndscutii cu greutate
s extrem de micd la nastere — prezentare de caz
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Introduction

Hyperglycemia can be a severe complication in the first
weeks of life for 60-80% of extremely low birth weight
(ELBW) infants, and it has been associated with higher
risks involving the morbidity and mortality of these new-
borns®. There is still an absence of agreement regarding
the strict definition, diagnosis and treatment of hyper-
glycemia, as well as the long-term implications. Therefore,

numerous studies consider as a threshold a value that
varies between 126 and 239 mg/dl (7-13.3 mmol/D)®.
Although the European Society for Pediatric Gastroen-
terology, Hepatology and Nutrition (ESPHGAN) advise
avoiding blood glucose above 145 mg/dl, the most widely
used threshold for intervention is blood glucose above 180
mg/dl (10 mmol/1)®%. Not only the blood glucose level
determines the neonatal adverse effects of hyperglycemia,
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but also the duration, gestation and the underlyingillness
of the newborn®. However, the most frequent complica-
tions of hyperglycemia in ELBW infants are due to the
osmolar changes, the existing evidence demonstrating
thatblood glucose level above 360 mg/dl (20 mmol/1) will
generate important osmolar changes®.

In ELBW infants, hyperglycemia can be determined by
numerous factors, such as: inadequate insulin secretion,
continuous glucose liver production, insulin resistance,
increased stress hormones (epinephrine, norepinephrine),
delayed enteral feedings, sepsis (high levels of proinflam-
matory cytokines), maternal and neonatal medications
(dopamine, dobutamine, epinephrine, corticosteroids,
caffeine, phenytoin), iatrogenic, due to high rates of ex-
ogenous glucose infusion from total parenteral nutrition
(TPN). In terms of clinical findings, there are no specific
signs associated to hyperglycemia, only related to the
underlying illness, such as dehydration, increased urine
output, fever or feeding difficulty. Persistent hyperglyce-
mia can lead to osmotic diuresis, electrolyte imbalance,
including hypernatremia, intraventricular hemorrhage
(IVH), necrotizing enterocolitis (NEC), retinopathy of
prematurity (ROP) and chronic lung disease (CLD)"®.

Hyperglycemia can damage the cells and determine an
overexpression of GLUT-1, GLUT-2 and GLUT-3 (insulin
independent glucose transporters), that will produce an
increase in glucose uptake by endothelial, immune, he-
patic and nerve cells®.

Undoubtedly, the widely approach to the treatment
of hyperglycemia is the restriction of glucose intake to a
minimum of 4-6 mg/kg/min glucose infusion rate (GIR)
and insulin therapy, along with treating the possible un-
derlying cause. Recent studies suggest that, if necessary,
the lowest GIR could be 3.7 mg/kg/min, which represents
the necessary level to maintain the minimum metabolism
of the infant. The amino acids that are part of the par-
enteral nutrition play an important role, because it has
been demonstrated that they stimulate insulin secretion;
moreover, the low level of plasma arginine was correlated
to hyperglycemia®®.

Insulin is an important factor in glucose homeosta-
sis and promotes glucose uptake, leading to an increased
transfer of glucose, amino acid and potassium into insulin
sensitive cells??. When considering insulin therapy, we
need to assess the benefits as well as the risks associ-
ated, mainly hypoglycemia and hypokalemia, but also
the anabolic effect, therefore insulin infusion warrants
close surveillance. One of the advantages that insulin
therapy may provide is to regulate the levels of insulin-
like growth factor-1 (IGF-1), which is responsible for in-
creasing glycogen synthesis and for the use of peripheral
glucose that can decrease hepatic glucose production. It
is essential to avoid excess glucose delivery, because sur-
passing maximum glucose oxidation rates can lead to a
higher production of carbon dioxide, lipogenesis and fat
deposition, even to liver steatosis®?.

Retinopathy of prematurity, a proliferative vascular
disorder of the immature retina, has been associated with
low levels of IGE-1. These levels are reduced after preterm
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birth and in several other situations, such as relative in-
sulin deficiency, starvation or acute illness. Subsequent
publications have recently underlined the association
between hyperglycemia and retinopathy of prematurity,
describing hyperglycemia as a new risk factor for ROP
in ELBW infants. Garg et al. pointed out that, “for every
10 mg/dl increase of serum glucose, there was a 2.7-fold
increase in the risk of developing ROP”, and each sup-
plementary day of hyperglycemia increases the risk to
develop ROP by 7%"*V.

It has not been established so far with certainty whe-
ther the prolonged hyperglycemia has implications on
the long-term neurocognitive outcome in case of ELBW
infants, but the existing evidence has demonstrated the
association between the duration of hyperglycemia and
a poor neonatal prognosis.

Clinical presentation

We present the case of three ELBW infants with an
average gestational age of 24 weeks of gestation, who
presented persistent hyperglycemia, which developed
in the first week of life, despite lowering the GIR and
starting insulin therapy. The newborns were hospital-
ized in the Neonatal Intensive Care Unit (NICU) of the
Emergency University Hospital Bucharest, between 5
January 2022 and 15 July 2022, where they required
thermal comfort and appropriate humidity, invasive
mechanical ventilation, broad-spectrum intravenous
antibiotic therapy, inotrope and vasopressor support,
caffeine, along with TPN.

All newborns were investigated for pathologies as-
sociated with hyperglycemia and insulin therapy: early
onset and late onset neonatal sepsis, respiratory distress
syndrome (RDS), CLD, IVH, NEC, periventricular leu-
komalacia (PVL) and ROP. The patients were discharged
home after prolonged NICU hospitalization, and they
were included in the follow-up program requiring long
time surveillance.

Casel

A 29-year-old woman was referred to our unit at 23
weeks and 1 day of gestation with ruptured membranes
for more than 24 hours. Subsequently, an emergency
caesarean section was performed. A female infant (birth
weight 600 g) required resuscitation maneuvers in the
delivery room (Apgar score 2/3/7), intubation one
minute after birth and the administration of natural
surfactant for RDS due to surfactant deficiency. After
admission to NICU, the infant was stabilized, requiring
invasive mechanical ventilation for 40 days, later non-
invasively for 30 days, SaO, between 90-95%, intrave-
nous antibiotic therapy, TPN, blood pressure maintained
within normal limits with the help of inotropic and va-
sopressor treatment with dopamine and dobutamine. To
maintain blood glucose (BG) levels, intravenous glucose
infusion was started with 6 mg/kg/min of GIR.

From the second day of life, the newborn presented
persistent hyperglycemia, after developing severe pneu-
mothorax, which required thoracentesis, with values
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Figure 1. Plasma
glucose values in Case 1

above 180 mg/dl, with a maximum value of 460 mg/dl,
associated with glycosuria (+1/+2); initially, we lowered
the GIR to 4 mg/kg/min in association with the reduc-
tion of lipid infusion to 0.5-1 g/kg/day, but with no suc-
cess. Afterwards, bolus insulin therapy was initiated in
a minimal dose of 0.05 IU/kg/dose, for a short period
of time, until it was clear that hyperglycemia was per-
sistent. Since we did not achieve stable glycemic control
and we encountered an alternation between hypoglyce-
mia and hyperglycemia episodes, we decided to initiate
continuous insulin infusion accompanied by increasing
the GIR slowly by 0.5-1 mg/kg/min/day, obtaining good
glycemic control. When attempting to stop the continu-
ous insulin infusion, hyperglycemia recurred, therefore
insulin infusion was reintroduced at BG levels above
180 mg/dl, with a favorable evolution of the patient,
tolerance of enteral feeding from the 12 day of life,

ascending weight curve, with the possibility of stopping
insulin therapy after 11 days of treatment.

The associated pathologies in the first case were RDS,
CLD, grade III IVH, without PVL lesions, early- and late-
onset neonatal sepsis and grade II ROP, which required
Avastin® therapy.

Case 2

A 25-year-old woman was referred to our unit at 25
weeks of gestation, with a twin pregnancy, obtained
by artificial insemination, threat of abortion from 20
weeks, with ruptured membranes more than 72 hours
before. An emergency caesarean section was performed
and she gave birth to a female infant, who died approxi-
mately 5 hours postnatally, and to a male infant. The
male infant, twin II (birth weight 700 g), required re-
suscitation maneuvers in the delivery room (Apgar score
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4/5/7), being intubated 3 minutes after birth, with the
administration of natural surfactant for RDS due to sur-
factant deficiency. In NICU, the infant required invasive
mechanical ventilation for 52 days, later noninvasive for
60 days, SaO, maintaining between 85% and 95%, intra-
venous antibiotic therapy, TPN, inotropic and vasopres-
sor support for arterial hypotension from the first day
of life. In order to maintain the BG levels, intravenous
glucose infusion was started with 4 mg/kg/min of GIR.

From the seventh day of life, the infant presented
persistent hyperglycemia, with values above 180 mg/dl,
associated with glycosuria (+2). At first, we lowered the
GIR to a minimum of 4 mg/kg/min, at the same time
with the reduction of lipid infusion to 0.5-1 g/kg/day,
with no significant improvement, therefore we decided
to initiate continuous insulin infusion, accompanied
by increasing the GIR slowly by 0.5-1 mg/kg/min/day.
Unfortunately, due to the underlying critical illness, it
was very difficult to maintain a stable level of blood
glycemia, and we recorded several episodes of severe
hypoglycemia and also hyperglycemia. The lowest and
the highest value recorded were 25 mg/dl, respectively
326 mg/dl. After the stabilization of the BG values, an
attempt was made to stop the continuous infusion with
insulin and bolus insulin therapy was initiated in doses
of 0.05 IU/kg/dose at a BG level above 180 mg/dl for a
limited period of time. We obtained poor glycemic con-
trol, so continuous infusion with insulin was reinitiated,
with slowly favorable evolution of the patient, tolerance
of enteral nutrition from the 22" day of life, upward
weight curve, with the possibility of stopping insulin
therapy after 21 days of treatment, concurrently with
the stabilization of the patient’s clinical condition.

The associated pathologies in the second case were
RDS, CLD, NEC, grade III IVH with right paraventricular
infarction, without PVL lesions, early- and late-onset
neonatal sepsis and grade II ROP.

Case 3

A 26-year-old woman was referred to a level Il mater-
nity hospital at 24 weeks of gestation, with infectious risk
(mother with hepatitis C virus infection), and an emer-
gency caesarean section was performed. A female infant
(birth weight 690 g), who required resuscitation maneu-
vers with noninvasive ventilation in the delivery room
and subsequent administration of surfactant for RDS due
to surfactant deficiency, arrived by transfer at 5 hours of
life at our unit. When admitted in NICU, initially non-
invasive mechanical ventilation was ensured (22 days),
later invasive (25 days), broad-spectrum intravenous an-
tibiotic therapy for early neonatal sepsis, TPN, inotropic
and vasopressor support for arterial hypotension that
occurred in the first days of life. In order to maintain the
BG levels, intravenous glucose infusion was started with
6 mg/kg/min of GIR.

From the fifth day of life, the infant presented persis-
tent hyperglycemia, with values above 180 mg/dl, associ-
ated with glycosuria (+1). In the first stage, the GIR and
glucose concentration were recalculated, being reduced to
4 mg/kg/min, associated with the reduction of lipid infu-
sion to 0.5-1 g/kg/day, but with the persistence of hyper-
glycemia. Later, insulin infusion was initiated, obtaining
good glycemic control, with a maximum glucose value of
222 mg/dl, tolerance of enteral nutrition from the eighth
day of life, with upward weight curve. Insulin therapy was
stopped in this case after five days of treatment.

The associated pathologies in the third case were RDS,
CLD, grade II-III IVH, without PVL lesions, early- and
late-onset neonatal sepsis and grade I ROP.

Discussion

The findings in this report indicate that hypergly-
cemia in our three cases of ELBW occurred in the first
days of life and, unfortunately, in two of the three cases
lasted more than 14 days.
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Figure 3. Plasma
glucose values in Case 3
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As guidelines recommend, in all three cases, we started
the management of hyperglycemia by reducing the GIR,
with no improvement in the BG values, a situation that
required further administration of insulin therapy. Con-
trary to our expectations, it was noticed that there were
oscillations of hypoglycemia and hyperglycemia during
the administration of insulin therapy both in continuous
and bolus infusion, leading to a very slow and challenging
process of stabilization of the glucose values. Neverthe-
less, it was no surprise, considering the complexity of the
associated pathologies and the extreme prematurity in
two of the cases (Case 1 and Case 3).

Regarding Case 2, after the relative stabilization of
blood glucose after 19 days of life, upon the attempt to
stop the continuous infusion with insulin, hyperglycemia
reappeared, so we decided to increase the GIR in accord-
ance with continuous insulin infusion, with slowly favora-
ble results, with the possibility of decreasing the rate of
continuous insulin infusion and stopping it 21 days later.

Itis also important to mention that, in all three cases,
during the first days of life we could not initiate oral feed-
ing, but continuing the amino-acid enriched TPN at the
same time as the insulin infusion, we recorded a consid-
erable improvement of the digestive tolerance of infants,
leading to a significant increase in calorie intake and to
a weight gain of 15-20 g/kg/day, but even so, the birth
weight was very slowly regained.

Intensive care interventions, such as inotropic sup-
port, mechanical ventilation and caffeine administration,
metabolic imbalances and the stress associated with the
invasive maneuvers to which the newborns were subjected
were followed by high levels of BG which suggests that all
the aforementioned situations had a significant effect on
the BG values. After the inotropic support was decreased
and finally stopped and the mechanical ventilation was
switched to noninvasive, a stabilization of the BG values
was observed in all three cases, suggesting that the man-
agement of the underlyingillnessis essential, rather than
just trying to achieve a normal BG level.

We found it very difficult to stop the administration
of vasopressor drugs during the critical phase of illness
of the two ELBW infants (Case 1 and Case 2) and we no-
ticed a strong correlation between the use of dopamine
and the peaks of hyperglycemia; moreover, the addition
of norepinephrine or hydrocortisone made us increase
the insulin dose to maintain a relative normal and stable
level of BG level.
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Conclusions

In ELBW infants, the first weeks of life are critical to
their development, and prolonged hyperglycemia is one
of the factors that can be damaging, with short-term and
long-term clinical implications. Furthermore, it has not
been established so far if the adverse effects of hypergly-
cemia are determined by the immediate results or by the
consequences of the relative insulin deficiency, that can
lead to reduced IGF-I generation, therefore influencing
metabolism and growth®?.

There are still controversies regarding the optimal
clinical targets, thresholds for intervention and treat-
ment approaches. Thereby, in the light of the necessity
of high GIR, the low glucose uptake rate, the inadequate
glucoregulatory hormone control and, ultimately, the
improvement in survival of the ELBW infants, hyper-
glycemia remains to be expected in the NICU incredible
small patients. W
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