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Long Term Neurological Outcomes of
Patients with Neonatal Hypoglycemia

Neonatal Hipoglisemili Hastalarin
Uzun Donem Norolojik Sonuglari

ABSTRACT Objective: Symptomatic hypoglycemia in the newborn period is associated with long-term
neurodevelopmental impairments. The nature of the hypoglycemic insult and long term
neurodevelopmental outcomes and their relationship to brain injury patterns identified on magnetic
resonance imaging were poorly defined. Material and Methods: Thirty nine patients with symptomatic
neonatal hypoglycemia were included in the study. For the assessment of psychomotor development,
percentage of developmental age was determined by Denver Developmental Screening test and Wechsler
intelligence scale for children. All patients underwent magnetic resonance imaging as part of the follow-
up. Results: Half of the patients had symptomatic partial epilepsy, six of them were medically intractable.
Four children in the sample had language-cognitive delay, 5 children had fine motor development delay,
none had gross motor development delay, and one of the children had social skills-self care development
delay. There was no relationship between neurologic sequelaes and glucose levels. Ten patients suffered
from visual impairment; four of them had optic atrophy, three had cortical blindness, three had alternating
exotrophia. Sixteen patients demonstrated occipital lob injury, nine had parieto-occipital and five had
parietal gliosis or volume loss. Imaging findings were normal in 5 patients. There was no relationship
between magnetic resonance imaging findings and glucose levels. Conclusion: Neonatal hypoglycemia
seems to play an important role in the development delay, especially on language-cognitive and fine motor
development. Epilepsy, mental motor retardation, and visual impairments and are the most commonly
reported outcomes associated with neonatal hypoglycemia Prompt recognition and treatment of neonatal
hypoglycemia is essential to prevent and minimize future neurological sequelae. The patterns of injury
associated with symptomatic neonatal hypoglycemia are more diverse and common than reported
previously.
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OZET Amag: Neonatal semptomatik hipoglisemisi uzun dénem nérolojik gelisimsel bozukluklarla iliskilidir.
Hipoglisemik olayin niteligi, uzun dénem norogelisimsel sonuglar ve manyetik rezonans gériintillemede
beyin hasarinin sekli ile iligkisi gok iyi tanimlanmamistir. Gereg ve Yéntemler: Calismaya neonatal
dénemde semptomatik hipoglisemi tanisi alan 39 hasta dahil edildi. Psikomotor gelisim degerlendirmesi i¢in
gelisimel yas yiizdesi Denver Gelisimsel Tarama Testi ve Wecshler zeka 6lgegi ile yapildi. Biitiin hastalara
takiplerinin bir parcasi olarak manyetik rezonans gériintiileme yapildi. Bulgular: Hastalarin yarisinda semp-
tomatik parsiyel epilepsi vards, altisi tanesi tedaviye direngli idi. Calismaya dahil edilen hastalarin 4’inde
dil alaninda gecikme, 5’inde ince motor gelisme geriligi vardi. Kaba motor gelisme geriligi olan yoktu ve bir
hastada sosyal-kisisel bakim becerilerinde bozukluk vardi. Norolojik sekeller ve kan sekeri seviyeleri
arasinda iliski yoktu. On hastada gérme bozuklugu; 4’iinde optik atrofi, 3’tinde kortikal korliik ve 3’tinde
alternan ekzotropia mevcuttu. On alt1 hastada oksipital lob hasari, 9 hastada parietooksipital ve 5 hastada
gliyozis veya hacim kaybi mevcuttu. Bes hastanin ise goriintiileme bulgular1 normaldi. Manyetik rezonans
gortintiileme bulgular ile klinik bulgular arasinda bir iligki yoktu. Sonug: Neonatal hipoglisemi 6zellikle dil
ve ince motor gelisim alaninda olmak tizere psikososyal gelisimde 6nemli rol oynar. Epilepsi, mental re-
tardasyon ve gérme bozukluklar1 neonatal hipoglisemi ile iliskili en sik bildirilen bozukluklardir. Gele-
cekteki norolojik sekelleri 6nlemek ve en aza indirmek agisindan neonatal hipogliseminin acil tani ve tedavi
edilmesi gerekmektedir. Neonatal hipoglisemi ile iligkili hasar paternleri daha énce bildirilenlerden daha
yaygin ve gesitlidir.

Anahtar Kelimeler: Bebek, yenidogan; hipoglisemi; manyetik rezonans goriintiileme
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ypoglycemia is one of the most common
Hclinical care issues in newborns. Hypogl-

ycemia is associated with acute neurologi-
cal dysfunction in a significant majority."* In-
creasing evidence indicates that neonatal hypogl-
ycemia has also been associated with long-term ne-
urological effects. Cerebral palsy, learning disa-
bilities, mental retardation, intractable epilepsy, vi-
sual disturbance, and neuropsychiatry disorders
can be seen in the prognoses of symptomatic in-
fants. Magnetic resonance imaging (MRI) describes
a pattern of hypoglycemia-induced injury affecting
predominantly the occipital lobes and posterior pa-
rietotemporal regions.>” Long-term follow-up re-
garding the clinical and radiological data of neo-
natal hypoglycemia cases in the literature are limi-
ted,>'? and to our knowledge our study is the one of
the most extensive series to date.

The object of the present study is to investiga-
te the long term effects of neonatal hypoglycemia
on pschycomotor development and radiological
brain injury in a large group of patients.

I MATERIAL AND METHODS

Infants who were referred to the Diskap: Chil-
dren’s Hospital after >1 episode of hypoglycemia
between January 2000 and December 2005 and fol-
lowed up in the Paediatric Neurology Clinic, were
identified. Study entry criteria were (1) =1 docu-
mented episode of symptomatic hypoglycemia
(blood or plasma glucose concentration of <2.6
mmol/L) during the first postnatal month, (2) being
followed up in pediatric neurology clinic of Diska-
p1 Children’s Hospital properly, (3) MRI at post-
natal age of >4 weeks. Exclusion criteria were
congenital infections, major brain or other malfor-
mations, multiple dysmorphic features, chromoso-
mal abnormalities, and evidence of severe hypoxic
ischemic encephalopathy. A total of 39 patients
with symptomatic neonatal hypoglycemia associa-
ted with epilepsy, cerebral palsy, mental retardati-
on, visual abnormalities, microcephaly, neuro-
psychiatric abnormalities were investigated. Pati-
ents in whom hypoglycemia was detected but who
had no neurological sequelae in their initial inves-
tigation were not included in the study. We disco-
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vered from the records that, during the same peri-
od, 71 cases were also being followed up because of
both symptomatic and asymptomatic reasons in our
Neonatal Intensive Care Unit. After being dischar-
ged, they did not come to routine follow-up exa-
minations. Of these patients, were contacted.
However, only 18 applied to the hospital for fol-
low-up. No pathology was detected in their neuro-

logical examination.

Both the MRI and clinical records of 39 pati-
ents with neonatal hypoglycemia were reviewed
retrospectively. Patients in the study ranged in age
from 2 to 9 years at MRI. Patients files were exa-
mined with specific attention to the following: pre-
sence or absence of any type of seizure; presence
or absence of motor deficit, developmental level
and level of speech development. The clinical cour-
se and results of follow-up examinations were revi-
ewed, with attention to perinatal parameters such
as Apgar score, umbilical artery pH, base deficit,
and the presence of signs and symptoms of neona-
tal hypoglycemia within the first few days of life.
All neurological examinations were performed by
an experienced pediatric neurologist who was blin-
ded to the findings of the magnetic resonance stu-
dies. For the assessment of psychomotor develop-
ment, percentage of developmental age was deter-
mined by Denver Developmental Screening test
and Wechsler intelligence scale for children. Pati-
ents underwent magnetic resonance imaging as
part of the follow-up.

MRI at a field strength of 1.5 T was performed
on each patient. They were sedated by using orally
administered chloral hydrate (30-50 mg/kg). Mini-
mal image acquisition included a T1-weighted se-
quence in the transverse and sagittal planes and a
T2-weighted sequence in the transverse plane. The
locations and the degree of abnormal signal within
the brain were recorded. The brain was also exa-
mined for the presence of any malformation or ab-
normality.

Contrast agents were not administered to any
of the patients in this study.

Magnetic resonance images of all patients we-
re reviewed separately by the same radiologist, wit-
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hout knowledge of the clinical history of the pati-
ents. The clinicians were not aware of the results of
the imaging findings. Electroencephalography was
performed using Nihon Kohden 4421 EEG device,
and the results were evaluated by the same pediat-
ric neurologist (AG). Sleep and wakefulness inte-
rictal electroencephalograms were performed using
the 10-20 international system.

STATISTICAL ANALYSIS

Data were analysed by Statistical Package for the
Social Sciences for Windows, version 13.0. The x2
test was used to test for independence between
rows and columns (glucose levels and magnetic re-
sonance imaging findings, admission time and glu-
cose levels, neurological sequelae and glucose
levels) of a contingency table. The comparison of
the association of neonatal hypoglycemia and psy-
chomotor development was tested using the Fis-
her’s exact test. Dichotomous variables were
compared using the chi-square test with Yates’
continuity correction (or Fisher’s exact test, whe-
re appropriate). To be able to estimate odds ratios,
1 was added to each cell in the contingency tables
that contained an empty cell. Continuous variab-
les were analyzed with the t test or the Mann-
Whitney U test, when appropriate. A p value <
0.05 was considered to be statistically signifi-
cant.

I RESULTS
PATIENT'S DEMOGRAPHICS

Of the 39 patients, 22 were male and 17 were fema-
le. Gestational ages ranged from 32 to 41 weeks
(mean + SD, 37.89 + 2.43 weeks), and birth weights
ranged from 1800 to 4000 g (3071.79 + 568.88 g).
The ages at the time of magnetic resonance ima-
ging and neurodevelopmental assessment ranged
between 2 to 9 years.

HYPOGLYCEMIA CHARACTERISTICS

Blood glucose levels of patients on admission to the
hospital were as follows: 10 to 20 mg/dL (median
16 mg/dL) in 8, 20 to 30 mg/dL (median 26 mg/dL)
in 6, 30 to 40 mg/dL (median 34 mg/dL) in 17, 40 to
50 mg/dL (median 44 mg/dL) in 8. 17 patients we-
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re admitted within 24 hours, 12 between 24 and 48
hours, 6 between 48 and 72 hours, 4 between 72
and 96 hours. There was not any relationship bet-
ween admission time and glucose levels (p > .05).
All exhibited signs of hypoglycemia, characterised
by poor sucking ability (n:20), seizures (n:4), apnea
(n:11) and irritability (n:4) (Table 1). Etiologic fac-
tors and conditions accompanying hypoglycemia
leading to hypoglycemia were grade I asphyxia in
3 patients, prematurity in 11, hyperbilirubinemia
in 8, sepsis in 2, exchange transfusion in 2, conge-
nital heart disease in 1, preeclampsia and eclamp-
sia in 3, intrauterine growth retardation in 4,
diabetic mother in 7 and oligohydramnios in 1 ca-
se. Other reasons detected in etiology were isola-
ted cortisol deficiency in 7 patients; transient
hyperinsulinism in 3; hypothyroid in 2; hyperam-
monemia, hyperinsulinism, hypoglycemia syndro-
mes in 2; and nesidioblastosis in 2. Transient
hyperinsulinism of the newborn was diagnosed in
two patients and they were eventually started on
diazoxide following glucose infusions and steroid
treatment. Congenital adrenal hyperplasia was de-
tected in two patients and mineralokortikoid ther-
apy was given and they were followed at Pediatric
Endocrinology Clinic. Conditions accompanying
hypoglycemia were shown in Table 2.

TABLE 1: Hypoglycemia characteristics of the patients.
Hypoglycemia features n(%)
Presentation
Poor sucking ability 20(51.2)
Seizures 4(10,2)
Apnea 11(28.2)
Irritability 4(10.2)
Concomittant diagnosis
Hypoxic ischemic encephalopathy 3(7.6)
Intrauterin growth retardation 4(10.2)
Prematurity 11(28.2)
Hyperbilluribinemia 8(20.4)
Sepsis 2(5.1)
Exchange transfusion 7(17.9)
Oligohydroamniosis 1(2.56)
Transient hyperinsulinism 2(5.1)
Congenital adrenal hyperplasia 2(5.1)
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TABLE 2: Magnetic resonance imaging findings and glucose levels
Glucose levels ( mg/dI)
10-20 (n:8) 20-30 (n:6) 30-40 (n:17) 40-50 (n:8)
Magnetic resonance imaging findings
Occipital region (n:16) 4 3 6 3
Parietooccipital region(n:9) 2 1 5 1
Parietal region (n:5) 1 2 2
Multicystic encephalomalacia (n:2) 1 1
Periventricular encephalomalacia (n:2) 1 1
Normal (n:5) 2 3

MAGNETIC RESONANCE IMAGING RESULTS

The most characteristic result on examination of
the MRI findings was abnormally high intensity on
T2-weighted images in the periventricular deep
white matter and/or adjacent atrophy in the cereb-
ral cortex with loss of gray white matter differen-
tiation in the occipital region in 16 patients and in
the parietooccipital lobes in 9 (Figure 1 and 2). Pa-
rietal involvement was seen in 5 patients. Imaging
findings were normal in 5 patients. Two patients
showed cystic encephalomalacia. Two patients had
periventricular leukomalacia. Posterior fossa struc-
tures and basal ganglias appeared normal in all pa-
tients. There were no relationships between
magnetic resonance imaging findings and glucose
levels (p > .05) (Table 2). There was no relationship
between neurologic sequelae and magnetic reso-
nance imaging findings (Table 3).

NEUROLOGICAL SEQUELA

Four children in the sample had language-cogniti-
ve delay, 5 children had fine motor development
delay, none had gross motor development delay,
and one of the children had social skills-self care
development delay. The neurological sequelae de-
tected were mental motor retardation and micro-
cephaly in 5 patients; mental motor retardation and
epilepsy in 5; epilepsy in 13; mental motor retar-
dation in 7; attention deficiency hyperactivity dis-
orders in 2; microcephaly in 4, and autistic
behaviour in 4. There were no relationships bet-
ween neurologic sequelae and glucose levels (p
< .05; Table 4).
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Eighteen patients had abnormal EEG features.
Common EEG features were epileptiform activity
originating from occipital(n:12), parietal(n:2) and
parieto-occipital regions(n:4). Twelve patients had
symptomatic partial epilepsy, six were medically
intractable. Five patients had Lennox-Gastatut syn-
drome with compatible EEG findings.

Ophthalmologic sequelae were present in ten
patients; four of them had optic atrophy, three had
cortical blindness, three had alternating exotrop-
hia.

FIGURE 1: T2 weighted axial magnetic resonance shows marked atrophy in
the parietal and occipital cortex and underlying cerebral white matter.
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FIGURE 2: T2 weighted A. and FLAIR B. imagings showing hyperintensity in medial occipital lobes.

TABLE 3: Magnetic resonance imaging findings and neurological outcomes.

Motor mental Motor mental

retardation+ retardation +

Microcephaly Epilepsy
Magnetic resonance imaging findings
Occipital region (n:16) 3 3
Parietooccipital region(n:9) 1 1
Parietal region(n:5)
Multicytic encephalomalacia(n: 2) - 1
Perventricular leucomalacia(n:2)
Normal(n:5) 1

Neurological outcomes

Epilepsy  etardation syndrome Microcephaly ~ Autism
6 2 1 1
2 1 1 2 1
2 2 1
1
1 1
1 1 2

Motor Attention
mental  deficiency hyperactivity

TABLE 4: Glucose levels and neurological outcomes.

Glucose levels

10- 20(8) 2 1
20-30(6) 1 1
30-40(17) 2 2
40-50(8) 1

Neurological outcome
MMR+Microcephaly (n:5) MMR+epilepsy (n:5) Epilepsy(n:13) MMR(n:7) ADHD(n:2) Microcephaly (n:4) Autism(n:3)

3 1 - 1

2 1 1
6 3 1 2 1
2 3 1 1

MMR: Mental motor retardation, ADHD: Affention deficiency hyperactivity syndrome.

I DISCUSSION

This is one of the few studies of a large cohort of
newborns with hypoglycemia that assesses magne-
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tic resonance imaging injury patterns, clinical pre-
sentations and neurodevelopmental outcomes. In
line with previous reports, most of our patients
showed diffuse brain damage, with the most seve-
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re injury localized primarily to the occipital and pa-
rietal cortex of the brain.'®*'> Barkovich et al. re-
ported a specific pattern of injury in neonatal
hypoglycemia in five newborn infants showing dif-
fuse cortical and subcortical white matter damage
affecting parietal and occipital lobes most seve-
rely.”® Yalnizoglu et al reported patients with typ-
ical neuroimaging features following neonatal
hypoglycemia.'® The rationale that the parietal and
occipital lobes are most severely affected is not ev-
ident. One possible reason for the pattern of dama-
ge may relate to the development of receptors for
excitatory amino acids. Excessive release of excito-
toxins, particularly aspartate, into the synaptic cleft
results in the selective death of the postsynaptic ne-
urons in sensitivity is related to increased glucose
demands due to intensive axonal growth and
synaptogenesis, which occurs within the occipital
lobes during the neonatal period. These processes
are exceptionally sensitive to glucose availabi-
lity.!®17 Although the occipital lobes can be invol-
ved in multiple brain injury mechanisms, the
pattern of bilateral occipital cortical injury is quite
specific for neonatal hypoglycemia. In our study,
the most characteristic MRI finding was areas of
abnormally high intensity on T2-weighted images
in the periventricular deep white matter and/or ad-
jacent atrophy in the cerebral cortex, with loss of
gray white matter differentiation in the occipital
region in 16 patients and in the parietooccipital lo-
bes in 9. Parietal involvement was observed in 5
patients.

As reflected in other studies, neonatal hypogl-
ycemia was strongly associated with impaired neu-
rological development.>!12161820 Mental retar-
dation and motor clumsiness are the most reported
neurologic sequelae in the follow-up of newborn
patients with hypoglycemia. Per et al. detected cog-
nitive functional disorders, behavioral and learning
disabilities in 44 of 60 patients.!* Most studies on
long-term outcome report similar incidences of ne-
urological impairment.>'"!® Qur patients had mild
to severe developmental delays, or learning and be-
havior problems with variable degree. Two of our
patients showed hyperactivity and attention prob-
lems, three had autistic features.
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Visual impairments and epilepsy were com-
mon, and both are reported outcomes associated
with neonatal hypoglycemia.!’®?! In line with the
literature, our patients developed epilepsy as the
most common neurologic problem. Intractable epi-
lepsy seems to be the most important prognostic
factor in the clinical outcome of patients with ne-
onatal hypoglycemia. Approximately half of our
patients had epilepsy, six were medically intrac-
table. Five patients had Lennox-Gastatut syndrome
with compatible electroencephalographic findings.
Murakami et al detected epilepsy in 7 of 8 patients,
Yalnizoglu et al. in 23 of 24, Alkalay et al. in 12 of
17, Caraballo et al. in 12 of 15 (2 of whom were re-
sistant to anticonvulsants drugs), Traill et al. in 2
of 2, and Menni et al. in 16 of 90.711:131821 Thege fin-
dings suggest that neonatal hypoglycemia may ca-
use severe partial epilepsy and this may be due to
additional neonatal disorders other than hypogl-
ycemia.

Because it is recognized that there can be occi-
pital injury after neonatal hypoglycemia, it was pos-
tulated that there would be a correlation with
abnormal early VEPs and later visual function. Pre-
vious reports found optic nerve hypoplasia associa-
ted with neonatal hypoglycemia.”? In newborn
patients who are affected by hypoglycemia, visual
disturbance may be observed.'¢'#202123 In the pres-
ent study, ophthalmologic sequelae were present in
ten patients; four of them had optic atrophy, three
had cortical blindness, and three had alternating
exotrophia. The majority of our patients with ab-
normal vision have involvement of the occipital
cortex; however, some with severe occipital injury
had apparently normal visual development.

A limitation of our study was that we cannot
tell the exact onset, duration and severity of hypo-
glycemia. We cannot keep out the presence of hy-
poglycemia starting earlier in life with mild
symptoms that were not recognized by the parents
or care givers because most of our patients were
brought to the hospital with poor sucking and irri-
tability on the first few days of life. Also, most of
our patients had additional neonatal insults that
might have contributed to the effects of hypogl-
ycemia in newborn brain.
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I CONCLUSION

Although the level of the glucose leaving seque-
lae is not exactly known, neonatal hypoglycemia
seems to play an important role in the psychoso-
cial development delay, especially on language-
cognitive and fine motor development. Epilepsy,
mental motor retardation, and visual impairments
are the most common reported outcomes associa-
ted with neonatal hypoglycemia. Prompt recog-
nition and treatment of neonatal hypoglycemia
is essential to prevent and minimize future
neurological sequelae. The patterns of injury

Ebru ARHAN et al

associated with symptomatic neonatal hypoglyce-
mia are more diverse than reported previously.
These results from a child neurology center would
be subject to a follow up bias. On the basis of
our results, we suggest that additional, prospecti-
ve studies are necessary to determine the true in-
cidence of abnormal neuroimaging studies and
subsequent adverse neurologic outcomes that re-
sult from neonatal hypoglycemia. These future
studies will help to better delineate the associati-
on between low blood glucose concentrations and
the duration of hypoglycemia leading to brain da-

mage.
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