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Cerebral injury in association with profound
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Daryl Efrona, Mike Southa, Joseph J. Volped, Terrie Indera,b,c,d,*

aDepartment of Paediatrics, University of Melbourne, Royal Children’s Hospital, Melbourne, Australia
bMurdoch Children’s Research Institute, Melbourne, Australia
cHoward Florey Institute, Melbourne, Australia
dDepartment of Neurology, Harvard Medical School, Boston Children’s Hospital, Boston, USA

Received 13 February 2003; received in revised form 27 March 2003; accepted 28 April 2003

KEYWORDS
Hyperglycemia; Glucose

metabolism; Cerebral

injury

Summary The adverse effect of hyperglycemia on neurological outcome following
cerebral ischemia has been established in both experimental and adult human studies.
However, there is a paucity of data to assess this risk in the human infant. This case is
the first to describe severe and prolonged iatrogenic hyperglycemia in association with
ischemia in an infant who sustained a major cerebral lesion. The topography of the
predominant cerebral injury, i.e., bilateral parieto-occipital cortex and subcortical
white matter, shown by magnetic resonance imaging was similar to that documented
in the hypoglycemic infant, suggesting a similarity in regional cerebral vulnerability to
altered glucose metabolism. This case extends recognition of the risk of severe
hyperglycemia in association with cerebral ischemia to the newborn and suggests also
that the posterior cerebral predilection for injury is similar in both hypoglycemia and
hyperglycemia.
Q 2003 European Paediatric Neurology Society. Published by Elsevier Science Ltd. All
rights reserved.

Introduction

Hyperglycemia has been established to worsen
neurological outcome following cerebral ischemia
in mature animal models.1 Considerable data in
adult human subjects also indicate that hypergly-
cemia worsens post-ischemic outcome in both
focal and global cerebral insults.2 Hyperglycemia

occurring prior to the cerebral insult provides the
greatest adverse impact on outcome.3 In contrast,
controversy exists concerning the impact of hyper-
glycemia on cerebral ischemia in the immature
brain.4 Some experimental data in immature animal
models suggest a beneficial role for abundant
glucose administered prior to or during cerebral
ischemia.5,6 This beneficial effect of hyperglycemia
in the immature brain has been postulated to
reflect a preservation of mitochondrial energy
production and enhanced utilization of lactate
by the immature brain. However, other animal
data have shown an exacerbating influence
on ischemic cerebral injury in association with
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hyperglycemia.6 –9 Despite these inconsistencies
there are no human data concerning the risk of
hyperglycemia with ischemia on neonatal brain.

This report is the first published case providing
evidence of a major adverse effect of severe
hyperglycemia in association with circulatory col-
lapse in a newborn.

Case report

A 4-week-old infant boy (corrected post-concep-
tional age 41 weeks) was admitted to hospital with a
24 hour history of vomiting. He had been born by
normal vaginal delivery at 37 weeks gestation
following an uncomplicated pregnancy to a G2P1
mother. There were no concerns at birth or in the
first 3 weeks of his life. On admission initial studies
revealed a mild metabolic alkalosis (pH 7.44, pCO2

44 mmHg, bicarbonate 29 mmol/l, base excess
4 mmol/l) but no electrolyte disturbance (sodium
139 mmol/l, potassium 5.3 mmol/l, chloride
106 mmol/l). The vomiting progressed to become
projectile and frequent, and a diagnosis of pyloric
stenosis was made clinically and supported by
ultrasound examination. He was assessed clinically
as less than 5% dehydrated, and an intravenous fluid
infusion ordered as 50% dextrose in 0.45% saline was
commenced at 24 ml/hour (150 ml/kg/day).

After 6 hours of intravenous fluids, his mother
was concerned that he appeared pale and lethargic,
with dry lips. His cranium exhibited prominently
overriding sutures. Five hours later (i.e., after
11 hours of infusion) he developed clonic seizures
and became apneic. He had severely compromised
peripheral perfusion, and his blood pressure could
not be recorded although a heart rate .100 bpm
was always present. He was resuscitated with
endotracheal intubation and ventilation with high
flow oxygen, and a bolus of normal saline
(20 ml/kg). He responded with improved pulse
volume and peripheral perfusion. He did not
receive external cardiac compression. He was
transferred to the intensive care unit, where his
initial studies showed pH 7.05, pCO2 74 mmHg,
bicarbonate 20 mmol/l, base excess 211 mmol/l,
sodium 156 mmol/l, potassium 1.9 mmol/l, chlor-
ide 132 mmol/l, urea 2.5 mmol/l, creatinine
0.05 mmol/l, serum osmolality 465 mosm/kg, glu-
cose 105 mmol/l (1.891 mg/dl) and lactate
7.3 mmol/l.

It was then discovered that an error had been
made in the ordering and administration of his
intravenous fluids. The infant had received 50%
dextrose, rather than 5% dextrose in 0.45% saline.

In retrospect it was ascertained from his parents
that following the intravenous infusion his diapers
had been much heavier than normal, consistent
with increased urine output.

An insulin infusion of 0.05 units/kg/hour was
commenced, and after 2 hours his glucose was
83 mmol/l, serum osmolality 463 mosm/kg. The
insulin infusion was then ceased and rehydration
was continued with normal saline. By 8 hours his
plasma glucose had returned to the normal range.
The hypokalaemia and hypernatraemia were cor-
rected over 8 hours and 4 days respectively. The
serum osmolality gradually returned to normal over
a week.

Seizure activity was noted clinically by 11 hours
following his collapse, and over the next 2 days he
had frequent clinical seizure activity requiring
phenobarbitone and midazolam. Serial electroen-
cephalograms on days 1 to 5 post-collapse demon-
strated a severely suppressed background rhythm
with prominent multifocal spike and sharp wave
activity alternating between the left and right
hemispheres. Achieving phenobarbitone levels in
excess of 300 mmol/l (.7 mg/dl) terminated his
clinical and electroencephalographic seizure
activity. His anticonvulsant drug levels were then
allowed to decrease slowly, without recurrence of
significant seizure activity.

A CT brain scan 8 hours following his collapse
demonstrated prominent extra-axial spaces, con-
sistent with decreased brain volume, and decreased
attenuation within the right thalamus, the right
caudate head and the left parietal region. Hyper-
density within the transverse sinus on the left was
suggestive of sinus venous thrombosis. Five days
after his collapse an MRI scan revealed extensive
signal changes involving the basal ganglia (Fig. 1A),
and the parietal and occipital lobes bilaterally
(Fig. 1B), consistent with infarction. There also
was bilateral intraventricular haemorrhage. No
abnormality in venous blood flow was present.
Proton MR spectroscopy over the left basal ganglia
utilizing point resolved spectroscopy (PRESS)
method showed a reduction in N-acetylaspartate
(NAA/CR 0.88; control levels in term infants n ¼ 8
NAA/CR 1.92 ^ 0.5) and markedly elevated lactate
on short TE (35 ms) (inverting fully on longer TE
(144 ms)). Quantification of the lactate undertaken
at TE 144 msec showed a lactate/creatine ratio of
0.77, control lactate/creatine ratio ðn ¼ 8Þ being
0.28 ^ 0.22 (Fig. 2).10 Repeat MRI scan three weeks
following the insult revealed evolution of the
widespread ischemic injury involving the cerebral
cortex, white matter and deep nuclei. Cystic
encephalomalacia had developed within the areas
of previously identified infarction (Fig. 1C).
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The infant was extubated 6 days post-collapse,
and had normal spontaneous respirations. He
sucked actively and swallowed normally, permit-
ting normal bottle-feeding. His auditory-evoked
brainstem responses 3 weeks post-collapse were
within normal limits. At 6 months of age he had
clinical features of microcephaly, severe cortical
visual impairment, marked global developmental
delay, with global hypotonia consistent with a
predominant hypotonic cerebral palsy. There have
been no features of choreathetosis or dystonia. He
developed infantile spasms (EEG at 4 1

2 months

demonstrated frequent multifocal epileptiform
activity), which responded to high dose vigabatrin.

Discussion

This report is the first to describe the combined
cerebral effects of severe hyperglycemia and
ischemia in an infant. This case extends the
recognition of the risk of hyperglycemia in associ-
ation with cerebral ischemia to the paediatric
population and supports animal and adult human

Figure 1 Axial T2-weighted magnetic resonance scan (A) of the infant on the fifth day after collapse shows bilateral
intraventricular haemorrhage, with multiple signal abnormalities in the right caudate, putamen and thalamus (arrow);
less severe changes are apparent in the left deep nuclear structures; bilateral signal abnormalities are apparent in the
parieto-occipital cortex and subcortical white matter. Diffusion weighted imaging (B) at the same time as in ‘A’ shows
regions of marked restriction in diffusion in the posterior cerebrum (arrow). Later axial T2-weighted imaging (C) at 2
months of age shows cystic necrosis and atrophy in the occipital regions (arrow), signal abnormality in the basal ganglia
(right greater than left), and resolving intraventricular hemorrhages.

Figure 2 Proton (1H) MR spectroscopy obtained from voxel localized to the left basal ganglia using PRESS localization,
TE 35 mseconds, demonstrating reduction in N-acetylaspartate (NAA) and increased lactate (LAC) doublet (see arrows).
Choline (CHO) and creatine (CR) are also displayed.
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data highlighting the potential risk of hyperglyce-
mia with cerebral ischemic insults.

The pattern of cerebral injury documented in our
case by MRI suggests two important contributing
pathogenetic mechanisms. The first contributing
mechanism relates specifically to altered glucose
homeostasis and is demonstrated by the unique
topographic vulnerability of the posterior cere-
brum, as has been previously documented in
neonatal hypoglycaemia.11 –13 The second contri-
buting mechanism relates to that of probable
cerebral ischemia resulting in a pattern of deep
nuclear injury as is most commonly associated with
severe abrupt hypoxic-ischemic insult in the term
infant.14,15 Transient T1-weighted MRI abnormal-
ities have been documented in the basal ganglia in
adults with non-ketotic hyperglycemia in associ-
ation with chorea.16 However, these MRI changes
have been entirely isolated to the putamen differ-
ing significantly from the global deep nuclear gray
matter injury displayed in our case. Thus, in our
case, it is most likely that mechanisms related to
both hyperglycemia and ischemia were intimately
inter-related in contributing to the pattern of basal
ganglia injury.

With relation to the pattern of cerebral ischemic
injury in our patient, poor cerebral perfusion
secondary to severe hyperglycemia and hyperos-
molality with intravascular volume depletion and
systemic hypotension may have been the pivotal
pathophysiological mechanism. It is also note-
worthy that high glucose concentrations have
been shown to impair cerebral endothelial reactiv-
ity and perhaps thereby the autoregulatory cerebral
response to systemic hypotension which may have
further exacerbated the lesion.17 However, the
extent of the infant’s cerebral injury was more
severe than would have been predicted from the
promptly corrected clinical cardiovascular compro-
mise, suggesting that the hyperglycemia directly
contributed to the severity of the cerebral injury.

Hyperglycemia has been well documented to
produce enhanced cerebral injury in both adult
human reports and animal models of ischemic brain
injury.2 In adult subjects experiencing ischemic
brain injury, an increase in blood glucose has been
associated with adverse histopathological and
functional outcomes, regardless of the mechanisms
of increased blood glucose.3,18 The mechanism of
the hyperglycemia-exacerbated injury is not clear
but the most common explanation for the increased
brain injury has been the enhanced tissue lactic
acidosis.19 –21 However, the influence of hypergly-
cemia on brain injury in the newborn has been more
variable with several studies demonstrating a
beneficial effect of glucose administration prior to

or immediately after cerebral ischemia in newborn
animal models.4,5 The beneficial effect of hyper-
glycemia in the immature brain may be mediated by
such effects as preservation of levels of adenosine
triphosphate and phosphocreatine, demonstrated
directly in a newborn rat model of unilateral carotid
ligation and hypoxemia.22 In contrast to the adult
there may be in the immature brain a reduction in
the potential deleterious effect of hyperglycemia
from excessive lactate production because lactate
can be utilized as an alternative energy source.23

However if the lactate level were extremely high,
this benefit may be negated. It is important to note
in this context that in our case the level of lactate in
the occipital white matter and in the basal ganglia
was very high. The marked elevation in lactate is
suggestive that potentially the hyperglycemia may
have enhanced lactate accumulation, and helped
mediate the adverse cerebral consequences in our
case. In keeping with concerns over hyperglycemia
in cerebral injury in the newborn, studies in
immature animal models have raised concerns
that the infant brain is vulnerable to more
moderate hyperglycemia following ischemia.6,8,9,

24 However, there have been no previously pub-
lished cases in human infants demonstrating a
definitive risk of hyperglycemia in potentiating
ischemic cerebral injury.

MRI in this case revealed a predominantly
posterior cerebral insult, similar to that recognized
in the hypoglycemic infant.11 –13 There is no clear
explanation for this distinctive regional cerebral
vulnerability, but it appears from our case that
hyperglycemia exacerbated ischemic cerebral
injury may have a similar topography and may be
mediated by similar mechanisms. However, the
nature of the latter remains unclear. The topogra-
phy of posterior cerebral injury does not match the
pattern of normal glucose uptake in neonates, as
measured by positron emission tomography,25,26

and suggests that the mechanism of vulnerability
does not relate to glucose metabolism per se.
Perhaps secondary effects develop in both hypogly-
cemia or hyperglycemia, such as disorders of
excitatory amino acid homeostasis or secondary
vascular effects.

In conclusion, this is the first published case in a
newborn to demonstrate the adverse neurological
effects of combined cerebral ischemia and hyper-
glycemia in the neonate. The striking elevations in
lactate on MR spectroscopy support a potentiating
role for hyperglycemia as does the topographic
distribution of the injury, which is similar to that of
hypoglycemic cerebral injury in the newborn. This
case adds support to the guidelines for avoiding
highly abnormal blood glucose levels in the newborn
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infant, particularly in the setting of hypoxic-
ischemic insults.
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