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bstract

ackground and purpose: To describe the sequential magnetic resonance imaging (MRI) findings in a neurologically handicapped newborn
ho had been suffered from neonatal hypoglycemia due to persistent hyperinsulinemic hypoglycemia of infancy (nesidioblastosis) and to

valuate the following changes in the long-term radiological follow-up.
ase: A case of newborn with severe hypoglycemia due to nesidioblastosis is reported. The patient was presented with poor feeding, irritability,
nd seizures. Nesidioblastosis was diagnosed on the basis of high intravenous glucose requirement, high insulin to glucose ratio, negative
rinary ketones. Normoglycemia was maintained by a combined treatment including glucose infusions and steroid, and then somatostatin
naloques. The patient was assessed neurologically and radiologically by sequential cerebral MRI within 2 years follow-up.
esults: The most striking findings were cystic lesions on corona radiata, parietooccipital deep white matter and diffuse subcortical involvement
f the brain at the initial MRI. The lesions were recovered radiologically at the 5 months of age. Diffuse hyperintensity of the periventricular
hite matter and optic radiation suggests abnormal and delayed myelination at 1 year of age, and periventricular leukomalacia and ventricular

rregularity at 2 years of age. More delayed neurologic sequelae included mental retardation and spasticity.
onclusion: Neonatal hyperinsulinemic hypoglycemia must be suddenly and appropriately diagnosed and treated to prevent any further

eurological dysfunction and damage. MRI studies are crucial in nesidioblastosis to define the characteristics and severity of cerebral lesions
fter hypoglycemia. Long-term radiologic follow-up should be further investigated to predict the neurologic outcome, although the radiologic
ecovery period was seen in acute or subacute phase of the disease.

2006 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Although hypoglycemia is a common disorder of the
ewborn, so much controversy still surrounds the definition,
ignificance, and management of neonatal hypoglycemia.
s a life-threatening form of neonatal hypoglycemia,
esidioblastosis, approximately known as “persistent

yperinsulinemic hypoglycemia of infancy (PHHI)” is
rare condition which remains to be elucidated but is

ssociated with a high incidence of brain damage and mental
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etardation as a consequence of repeated episodes of severe
ypoglycemia in pediatric patients.

With improved neuroradiologic techniques, such as mag-
etic resonance imaging (MRI) and positron emission tomog-
aphy (PET) scanning becoming increasingly available, stud-
es to determine the correlation between hypoglycemia and
utcome will help to clarify issues surrounding the effects of
ypoglycemia on brain pathology [1–4]. The topography of
erebral lesions on MRI correlates with the clinical severity
f hypoglycemia during the neonatal period and subsequent

eurologic sequelae.

Here we report the sequential neuroimaging features in a
ewborn with PHHI who presented with persistent and severe
ypogylcemia. The chronological changes on MRI was also
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dx.doi.org/10.1016/j.ejrex.2006.08.002


8 urnal o

e
n

2

o
u
c
n
b

h
i
u
c
S
(
i
(

F
(
M

0 D. Aliefendioglu et al. / European Jo

xamined during either hyperinsulinemic hypoglycemia or
ormoglycemia in a long-term follow-up.

. Case report

A newborn boy weighing 4500 g with a gestational age
f 40 weeks was delivered to a non-diabetic woman after

ncomplicated pregnancy. The patient was the first child of
onsanguineous and healthy parents and transferred to our
eonatal intensive care unit (NICU) on the third day of life
ecause of hypoglycemia which was observed within the first
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ig. 1. (a) T1-weighted MRI shows hypointense lesions in right corona radiata, centr
b) T2-weighted MRI shows isointense appearance of the lesions located on centr

RI showing right occipitoparietal hyperintensity indicating edema (arrows). (d) T
f Radiology Extra 60 (2006) 79–84

ours of life. At the time of admission, he had poor feeding,
rritability and seizures. Laboratory investigations including
rine, complete blood count, blood biochemistry except glu-
ose yielded normal results. Urinary ketones were negative.
equential glucose concentrations were 18, 32, 38, 47 mg/dl
normal range: 40–60 mg/dl) while simultaneous plasma
nsulin consentrations were 201.9, 39.6, 85.3, 42.9 mIU/l
normal range: 3–20 �IU/ml), respectively. Glucagon test

howed a normal response. Inappropriately raised plasma
nsulin concentration at the time of hypoglycemia were sug-
estive of PHHI. Abdominal ultrasonography was normal.
o evidence of morphologic abnormality in the pancreas

um semiovale and retrotrigonal parieto-occipital deep white matter (arrows).
um semiovale and deep parietooccipital lesions (arrows). (c) T2-weighted
1-weighted MRI demonstrating bitemporal edema (arrows).
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sia (PVL)”. Atrophy of corpus callosum and irregularity
of the lateral ventricles were markedly observed (Fig. 5a
and b).
D. Aliefendioglu et al. / European Jo

as detected by abdominal CT. The newborn was evaluated
or CMV, which can also cause cerebral white matter cystic
hanges.

Glucose infusion was continued as previously started
t a dose of 12 mg/kg/min. An adequate glucose level
ould not be achieved with high glucose infusion rates,
o intravenous corticosteroid was given additionally. As
ypoglycemia persisted, he was commenced on long-acting
omatostatin derivative Sandostatin (Octreotide, Sandoz;
0 mg/kg/day) treatment by continuous subcutaneous infu-
ion. Normoglycemia was established within a few days
f the treatment as well as his glucose requirement being
educed to 6 mg/kg/min. The patient was discharged on
ay 30, in a good clinical condition. The psychomotor
evelopment was retarded at the age of 6 months. There
as hypertonisity with absence of head control. During

he follow-up period, seizures were observed and con-
rolled with medical treatment. Two years clinical follow-
p showed cerebral palsy as a sequela of periventricular
eukomalasia.

.1. Neuroimaging

Routine brain examination was performed with head
oil, 1.5 T Philips Intera MRI machine. Transverse T1
SE (460/18/2 = TR/TE/NEX), T2 TSE (4150/90/2 = TR/
E/NEX, field of view was 180 mm) and sagittal T1, coronal
2-weighted imaging were obtained.

Initial MRI scans at the age of 53 days demonstrated severe
athological changes in cortex and white matter, predom-
nantly in the parieto-occipital region. Patchy hypointense
esions in the retrotrigonal area and parieto-occipital periven-
ricular deep white matter, centrum semiovale, corona radi-
ta, and entire subcortical white matter of temporal and
rontal lobes on T1-weighted images and iso-hyperintense
esions on T2-weighted images were noted (Fig. 1a–d).
hese lesions especially in those corona radiata had a
ood tendency to recover radiologically 2 months later.
he lesion on centrum semiovale was depressed while pari-
tooccipital lesions showed developing atrophy with cys-
ic gliomalacia (Fig. 2). At 5 months of age, the MRI
f the brain showed complete recovery of the lesions
ocated on centrum semiovale, corona radiata and entire
rontal, temporal lobes and right parietooccipital white mat-
er. But the volume of the centrum semiovale was still
ut of the normal range and hyperintense on T2-weighted
mages. The MRI showed microcystic encephalomalasia
ocated in retrotrigonal area, hypointense on T1-weighted
mages and hyperintense on T2-weighted images (Fig. 3).
t 1 year of age, MRI demonstrated hyperintensity in the
ilateral optic radiation on T2-weighted images as a clue
f delayed myelinisation. Hyperintensity and thinning of

he corpus callosum were observed. It also showed per-
isting retrotrigonal cystic encephalomalasia in affected
egions of the brain. Limited cortical necrosis occured
t the depth of the parietooccipital sulcus suggested the

F
c

ig. 2. T1-weighted MRI shows recovery of the lesion located nearby right
orona radiata and right occipitoparietal subcortical hypointense gliomalasia
arrows).

resence of “ulegyria”, hypointense on T1-weighted and
yperintense on T2-weighted images (Fig. 4a and b). At 2
ears of age, MRI showed hyperintensity of the periven-
ricular white matter and corona radiata on T2-weighted
mages. The white matter volume of periventricular region
nd centrum semiovale was extremely decreased. Focal
yperintensity lesions around periventricular white matter
nd corona radiata suggested “periventricular leukomala-
ig. 3. Recovery of the lesion located in corona radiata. Retrotrigonal micro-
ystic areas (arrows).
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Fig. 4. (a) T1-weighted MRI shows limited cortical necrosis occuring at the depth of the parietooccipital sulcus suggesting the presence of ulegyria (arrows).
(b) T2-weighted MRI shows hyperintense appearance in the optic radiation (arrows).
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Fig. 5. (a) T2-weighted MRI shows periventricular leukom

. Discussion

Metabolic disturbances such as anoxia and hypoglycemia
ay cause abnormalities in the brain function of the

ffected newborn and severe neurological sequellae have
een reported after symptomatic neonatal hypoglycemia
5,6].

Congenital hyperinsulinism (CHI) as a cause of severe
ypoglycemia in the neonatal and infancy period, is sub-
ivided into two subtypes with diffuse and focal disease.

he ability to distinguish diffuse from focal lesions has pro-

ound implications for therapeutic approaches, prognosis and
enetic counselling. The focal form of the disease can be
ured if the focal lesion can be accurately localized and surgi-

1
a
m
i

(arrows). (b) T2-weighted MRI shows ulegyria (arrows).

ally completely resected. (18)-F-DOPA PET is a promising
on-invasive method for the identification and localization of
he focal form of CHI [7].

PHHI, formerly termed nesidioblastosis, is a rare entity
ssociated with a high incidence of neuronal death, brain
amage and cognitive impairment due to repeated attacks
f severe hypoglycemia. PHHI is caused by genetic defects
n beta-cell regulation leading hypertrophy and hyperplasia
f the islands of Langerhans [8,9]. Its diagnostic criteria
re an extremely high demand for carbohydrates (more than

5 g/kg/day), an inadequately high plasma insulin level, and
n inhibited production of ketone bodies. Treatment involves
aintaining normal blood glucose levels; and modalities

nclude high glucose infusion rates, medications, and
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urgical interventions consisting in subtotal pancreatectomy
10]. The most important aim of continuous therapy is the
revention of irreversible brain damage. While prompt diag-
osis and appropriate treatment can save many of them and
an favourable influence the outcome of the disease; delayed
etection and inappropriate treatment may lead a high risk of
he development of cerebral palsy, impaired mental develop-

ent, epilepsy or other forms of irreversible brain damage.
f importance is the fact that, the neurological outcome may
e predicted with the aid of transient or persistent findings
hich would detected on MRI during long-term radiological

ollow-up.
While there have been some pathologic studies of the

ffects of neonatal hypoglycemia on brain development,
eports of MRI findings in such infants have been rare. Imag-
ng studies of neonatal hypoglycemia revealed a predomi-
ance of brain parenchymal loss in the occipital lobes with
early complete absence of cortex in the posterior parietal
nd occipital regions and generalized thinning of the cor-
ex throughout the brain [1,2,4,11,12]. Spar et al. reported
rogresive parenchymal loss and predominantly occipital
nvolvement on CT and MRI of an infant at the age of 19 days
4]. Barkovich et al. reported similar CT and MRI findings
f severe prolonged hypoglycemia in 5 neonates [2]. Aslan
nd Dinc presented diffuse parenchymal loss and infarc-
ion bilateral in occipital region and ventricular dilatation
n MRI at the age of 10 days and atrophy of the occipi-
al cortex at the age of 4 months [1]. Murakami et al. also
eported parietooccipital deep white matter changes suggest-
ng abnormal and delayed myelination areas in neurolog-
cally handicapped neonates suffering from hypoglycemia
12]. Kinnala et al. reported patchy hyperintense lesions in
he occipital periventricular white matter and talamus. They
lso mentioned that these lesions have a good tendency to
ecover at 2 months [3]. Cakmakci et al. observed similar
atterns on initial and 2 months US and MRI investigations
f an hypoglycemic infant [11]. Although PHHI is a well-
escribed disease and MRI findings are rarely reported, up
o our knowledge, long-term MRI findings over 2 years of
ypoglycemia due to nesidioblastosis has not been reported.
urthermore, it may be helpful to determine the long-term
ffects of nesidioblastosis on brain functions with neuroradi-
logic follow-up.

The topography of the predominant cerebral injury of
ypoglycemia due to PHHI especially parieto-occipital cor-
ex and subcortical white matter involvement shown by

RI was similar to that documented in the hypoglycemic
nfants, suggesting a non-spesific similarity in regional cere-
ral vulnerability to altered glucose metabolism. But, dif-
use deep white matter involvement and corona radiata and
ptic radiation injury were remarkable and more severe
n hypoglycemic damage of nesidioblastosis than other

auses of hypoglycemic brain damage. Delayed myelini-
ation, leukomalasia and presence of ulegyria on MRI are
he other significant characteristics of the chronic period
f the disease. More delayed neurologic sequelae included

t
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ental retardation and spasticity were matched with the
VL.

Although the clinical relevance of these abnormal findings
emains to obscure; both clinical and radiological follow-up
ay clarify the outcome. It is also worthwhile that pari-

tooccipital lesions were tend to recover at 5 months in
his patient; while periventricular lesions of hypoglycemia
re usually reported to recover at 2 months, as reported in
revious data. This observation supported the hypotesis that
adiological findings of neonatal hypoglycemia varies con-
iderably, depending on the degree, severity, duration and
he effectiveness of treatment [11,12]. Despite this radiologic
recovery period” is similar with the literature, we observed
hat neurologic and particularly radiologic follow-up showed
ersistent findings. So, radiologic follow-up should be long-
erm investigated to consider the persistent neurologic find-
ngs, even “recovery period” was occurred on MRI in acute
r subacute phase of the disease. Developing diffuse cere-
ral atrophy, microcystic encephalomalasia and periventric-
lar leukomalacia detected on long-term MRI studies might
e explain the persistency of subtle or obvious neurologic
eficits.

Ultrasonography (US) is commonly used to screen
eonates for white matter lesions. However, it is not a sensi-
ive predictor of the milder spectrum of MRI defined white

atter abnormalities, especially in premature infants. In fact,
oth US and MRI demonstrate specificity; but, parietooccip-
tal lesions consequent to neonatal hypoglycemia are diffi-
ult to detect with US. The superiority of MRI over US in
etecting parenchymal lesions is previously reported [3,11].
urthermore, MRI is superior to cranial US to evaluate the
rognosis of infants with non-cystic PVL lesions, as a pre-
ictor of outcome for CP. To conclude that, neonatal MRI is
ble to predict the precise localization and size of PVL on
ollow-up MRI and provides a good prediction of neurolog-
cal outcome over 1.5 years.

We strongly speculated that it is necessary to follow the
nfants with severe hypoglycemia for obtaining long-term
euro-radiological outcome.

. Conclusion

Hypoglycemia may be simply an epiphenomenon in a
eonate with a serious disease. In such a case the underlying
tiology rather than hypoglycemia may be more responsi-
le for brain damage. MRI studies are essential to define the
haracteristics of cerebral lesions during and after neonatal
ypoglycemia. MRI has also been shown to be effective in the
hoice and monitoring of treatment to reduce the brain dam-
ge. We speculated that cranial investigations are extremely
elpful to follow the progression of disorder and to predict

he neurologic outcome. As MRI increasingly available, cor-
elation between hypoglycemia and outcome will help to
larify issues surrounding the effects of hypoglycemia on
rain pathology.
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