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ABSTRACT

BACKGROUND: Neonatal hypoglycemia is more prevalent and can cause severe neurological sequelae. The objective of this study was to
assess the patterns of neuroradiologic changes in neonatal hypoglycemia.

METHODS: A retrospective cohort study was conducted on 66 neonatal hypoglycemia patients, and the magnetic resonance imaging (MRI)

and clinical records were reviewed.

RESULTS: Magnetic resonance imaging showed evidences of abnormality in 54.54% (36 of 66) of hypoglycemic infants. The most common
abnormal findings were located on the parietal and occipital lobes of the brains. The number of days with hypoglycemia was significantly
higher for abnormal MRI infants (P<.001), and prolonged/recurrent hypoglycemia was remarkably distinguished for abnormal MRI infants
(P<.001). Patients with abnormal MRI findings did not have a lower blood glucose than infants without abnormal MRI findings (P> .05), but
the lowest blood glucose was significantly lower for the patients with seizures (P<.01).

CONCLUSIONS: The pattern of bilateral occipital cortical injury is the most common abnormality for neonatal hypoglycemia. The number
of days with hypoglycemia, not the lower blood glucose, was significantly related to abnormal MRI infants.
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Introduction

At birth, the glucose provides the newborn baby with approxi-
mately half the total energy needs, and glucose is a vital fuel for
the brain metabolism. Blood sugar level has been measured in
neonatal infants for more than 100years, and the neonatal
hypoglycemia was first reported 80years ago.! However, the
definition of neonatal hypoglycemia remains controversial and
there is a lack of rational evidence.2 The usual distribution of
neonatal blood glucose concentrations varies with birth weight,
postnatal age, nutritional intake, and other factors. Clinical
signs occur in some but not all babies with low blood glucose
concentrations, but such signs lack specificity.

Recently, Tam et al® report that neonatal hypoglycemia
(glucose <2.6 mmol/L) was associated with 3.72-fold increased
odds of neonatal encephalopathy and with 4.82-fold increased
odds of increased adverse motor and cognitive outcomes.
Moreover, hypoglycemia in infants can be associated with brain
damage such as seizures, developmental delay, or long-term
neuronal loss, and frequently occurs in neonatal infants with
birth asphyxia, diabetic mothers, or low birth weight for gesta-
tional age (GA).* Many babies with low blood sugar have no
clinical symptoms, while others have symptoms that can cause
permanent brain damage. Previous reports indicated that mag-
netic resonance imaging (MRI) test could help to identify the
differential diagnoses to hypoglycemic brain damage® and had

higher positive predictive values for the hypoglycemia.b
However, the abnormal imaging findings in hypoglycemia of
newborn might be more common seen than the insult sus-
pected, and symptomatic neonatal hypoglycemia after observed
damage on MRI features are various, and the severity of hypo-
glycemia was not significantly related to specific injury charac-
teristics on MRI.” Due to the risk factors of hypoglycemia such
as preterm, small for GA or intrauterine growth retardation,
maternal diabetes mellitus or large for GA, neonatal hypogly-
cemia is prone to occur and needs to be closely managed.
Therefore, as discussed in this study, neonatal hypoglycemia is
more common than is believed and may lead to more serious
neurological sequelae. The purpose of this study was to evalu-
ate the neuroimaging characteristics and special radiographic
characteristics of hypoglycemia in neonates.

Patients and Methods

All the infants who were admitted to the neonatal department
of the Children’s hospital, Zhejiang University School of
Medicine, with at least 1 episode of hypoglycemia, were imaged.
Our study was approved by the Hospital’s Ethics Committee.
Every patient has a statement of informed consent of parents
for this study. Between June 2013 and June 2015, 66 cases of
neonatal hypoglycemia were enrolled and underwent MRI and
cranial ultrasound (US) study. Blood glucose concentration was
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monitored 30 minutes after admission, once every 3 to 4hours
before feeds for the first day of hospitalization and once every
6 to 8hours after the second day. The length of time to con-
tinue screening depended on the glucose level measured and
the etiology of hypoglycemia. Hypoglycemia was defined as
blood or plasma glucose level <2.6 mmol/L,® and infusion of
glucose at a rate of 6 to 8 mg/kg/min, rechecked glucose level
30 minutes after intravenous (IV) bolus, and then hourly until
stable, to determine whether additional therapy was needed.
The glucose level, duration of blood glucose instability, and any
clinical manifestations were recorded. Transient hypoglycemia
was defined if it resolved spontaneously or responded to the
first intervention, and prolonged/recurrent hypoglycemia was
defined if it did not resolve after intervention within 3 days.
Clinical manifestations included poor feeding, vomiting, jit-
teriness or irritability, cyanosis, seizures, high-pitched cry, and
apnea. Other relevant information and data taken from patients’
charts included infant GA, birth weight, birth length, Apgar
scores at 1 and 5 minutes, lowest serum glucose, and clinical
manifestation. The patient charts and cranial MRI or US
imaging studies of 66 patients were reviewed retrospectively.

Magnetic resonance imaging

Magnetic resonance imaging scans were performed in the first
week after admission using a 1.5 Siemens Magnetom mag-
netic resonance system (Siemens AG, Erlangen, Germany).
The infants were imaged during postprandial sleep under
sedation with Chloral hydrate. Magnetic resonance imaging
scans included sagittal T1 weighted (repetition time/echo
time [TR/TE], 500/8.4ms), T2 weighted (TR/TE
4000/89 ms), fluid-attenuated inversion recovery (FLAIR)
sequences, and diffusion-weighted imaging (DWI), and the
location and extent of abnormal signals in the brain were also
recorded. Patients with other severe anomalies were excluded
from the study, such as severe hydrocephalus, macrogyrus, cor-
tical dysplasia, or other severe brain malformations. The find-
ings were read separately by neuroradiologist, and the
radiologic diagnosis was made without any information of the
laboratory glucose values.

Ultrasonography

All patients went through initial cranial US scans through the
anterior fontanelle. Scans were performed by an experienced
pediatric radiologist using a Philips scanner (Philips Medical
Systems, Best, The Netherlands) with a transducer frequency
of 7MHz during the first week after admission.

Statistical analyses

The clinical features from the abnormal MRI cases and the nor-
mal MRI cases were compared by chi-square test, Fisher exact
test, or Student # test when appropriate. The Mann-Whitney

U test was used for variables with a nonnormal distribution.
Statistical significance was set at P<<.05.

Results
Clinical data

A total of 66 neonatal infants with hypoglycemia were studied.
The age of the infants was 1 to 22days. Of the 66 infants, 8
were premature and 58 were full term, and the mean GA at
birth was 38.52 = 1.71weeks. The 8 preterm babies were not
very preterm, and the range of GA was 35 to 36 weeks. Patients
were male in 42 cases (63.6%) and female in 24 cases (36.4%),
and the male to female ratio was 1.75:1. Mean birth weight of
the whole cases was 3155.70 + 847.70 g, and mean birth length
was 49.09 =2.98cm. As to the cause of hypoglycemia, 4 cases
were eventually identified as neonatal hyperinsulinemia; 8
cases were estimated to have limited glycogen stores associated
with prematurity; 1 patient was related to have genetic meta-
bolic encephalopathy disorder, and the diagnosis was glutaric
acidemia type II; and the rest were suggested to have inade-
quate stores of glycogen and gluconeogenic precursors subse-
quent to intrauterine growth restriction: 16 cases were SGA
(small for gestational age) and the others (37 cases) had poor
feeding.

Prolonged/recurrent hypoglycemia was diagnosed in 34
cases, and the duration of hypoglycemia ranged from 3 to
18 days. Moreover, in all 66 hypoglycemic patients, 30 infants
were defined as severe hypoglycemia and their lowest blood
glucose was less than 1.5 mmol/L.

Neuroimaging

The median age of MRI scan was 9 days (range: 1-28 days); 36
of 66 hypoglycemic infants (54.54%) had abnormal MRI. The
neuroimaging studies have shown significant brain damage,
typically involving the parietal and occipital lobes of the brain
hemisphere; 20 of 66 hypoglycemic infants (30.30%) had
abnormal cranial sonography during admission period; and 14
of 66 cases (21.21%) had subependymal cysts. No relation was
found between the preterm infants (4/36, 11.11% vs 4/30,
13.33%; P=1.000) or SGA (10/36, 27.78% vs 6/30, 20.20%;
P=.463) and the abnormal MRI findings (Table 1).

Patterns of injury

Normal findings. In total, 30 patients with neonatal hypogly-
cemia showed normal MRI performance, 46 hypoglycemia
cases had normal US findings, and 20 cases had all the normal
findings. The rate of normal findings was higher for US (46/66,
69.70% vs 30/66, 45.45%; P=.625), but the difference was not

statistically significant.

Abnormal findings. Most of the infants had some changes of
white matter (WM); 4 infants (4/66, 6.06%) with severe WM
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Table 1. Clinical features of the hypoglycemic patients between abnormal MRI and normal MRI.

CLINICAL FEATURES

ABNORMAL MRI (N=36)

NORMAL MRI (N=30)

Sex
Male, n (%) 26 (72.22%)

Female, n (%) 10 (27.78%)

Birth weight (g) 3001.11 +=743.36
Birth length (cm) 48.72 +3.56
Gestational age (weeks) 38.44+1.80

SGA, n (%) 10 (27.78%)

Preterm, n (%) 4 (11.11%)
1-minute Apgar scores 8.72+1.54

5-minute Apgar scores 9.50+1.34

Number of days with hypoglycemia (day) 1.00 (1.00-18.00)

Lowest serum glucose (mmol/L) 1.52+0.36

Severe hypoglycemia (<1.5mmol/L), n (%) 20 (55.56%)

Prolonged/recurrent hypoglycemia 26 (72.22%)

Cranial US findings
Normal 26 (72.22%)
Abnormal 10 (27.78%)

Poor feeding 12 (33.33%)

Irritability 26 (72.22%)
Cyanosis 10 (27.78%)
Seizures 10 (27.78%)
Vomiting 4 (11.11%)

High-pitched cry 2 (5.56%)

Apnea 8 (22.22%)

16 (53.33%) 2.523 112

14 (46.67%) - -

3341.33 +923.91 1.658 102
49.53+1.99 1.165 .249
38.60 = 1.61 0.367 715

6 (20.00%) 0.539 463

4 (13.33%) - 1.000
9.27+0.58 1.826 072
9.87+0.35 1.602 117
1.00 (0.04-3.00) 3.548 - 001
1.69+0.39 1.929 .058

10 (33.33%) 3.259 071
8 (26.67%) 13.596 <.001
20 (66.67%) 0.239 625

10 (33.33%) - -

6 (20.00%) 1.467 226
10 (33.33%) 9.981 .002
8 (26.67%) 0.010 1920
2 (6.67%) 4.902 027
0 (0.00%) - 120
4 (13.33%) - 399
0 (0.00%) - .006

Abbreviations: MRI, magnetic resonance imaging; SGA, small for gestational age; US, ultrasound.
Variables with normally distribution were described as mean = standard deviation; variables with a nonnormal distribution were described as median and range;

categorical variables were described as number and percentage.

injury had focal hemorrhage. All cases with WM injury showed
lesions in the occipital and parietal lobe (Figure 1); 22 cases
with moderate abnormality in high signal, and 12 cases with
severe changes in the posterior WM; 14 infants (14/66,
21.21%) had abnormal signal intensity, associated with cortical
infarction and hemorrhage. They were more likely adjacent to
WM injury. Moreover, 6 infants (6/66, 9.09%) presented dif-
ferent degrees of basal ganglia abnormal signals and had an
abnormal appearance in the posterior limb of the internal cap-
sule (PLIC) (Figures 2 and 3). Injury in other parts of the brain
was not so common; 1 had abnormal small cerebellum vermis
and 1 had small hematoma on the right side of the scalp.

Brain injury and severe hypoglycemia. The mean level of
lowest blood glucose was 1.60 = 0.38 mmol/L (range: 0.8-
2.3mmol/L), and 30 infants had severe hypoglycemia (blood
glucose <1.5 mmol/L) (Table 1). When comparison was made
among abnormal MRI infants (n=36) and the normal MRI
infants (n=30), the number of days with hypoglycemia was sig-
nificantly higher for abnormal MRI infants (mean day:
3.39 +£4.20 vs 1.01 = 0.80; median day: 1.00 [1.00-18.00 days]
vs 1.0day [0.04-3.00days]; P<<.001). However, patients with
abnormal MRI findings did not have a lower blood glucose
(1.52+0.36 vs 1.69 = 0.39 mmol/L, P=.058) and did not have
severe hypoglycemia (the lowest blood glucose < 1.5 mmol/L)
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Figure 1. T2-weighted MRI scan in the transverse plane obtained
13days after birth; GA: 34 weeks. There is multiple abnormal high signal
white matter differentiation bilaterally in the posterior parietal and
occipital lobes. GA indicates gestational age; MRI, magnetic resonance
imaging.

Figure 2. T2-weighted MRI scan in the transverse plane obtained 7 days
after birth; GA: 40 weeks. Image showed abnormal hyperintensity in the
globus pallidus and mixed hypointensity and hyperintensity in the
occipital cortex and white matter. GA indicates gestational age; MRI,
magnetic resonance imaging.

(20/36, 55.56% vs 10/30, 33.33%; P=.071) more frequently as
compared with patients with normal MRI findings. Moreover,
there was also no difference in sex, gestation age, birth weight,
birth length, and Apgar scores (1 or 5minutes) between the
patients with and without abnormal MRI findings (P> .05);
32 neonates showed transient hypoglycemia and responded
quickly to treatment and the other 34 cases were prolonged or

recurrent. Although we found the number of days with hypo-
glycemia was strongly related to abnormalities in MRI find-
ings, our study also clarified that the MRI features for infants
with transient versus infants with prolonged/recurrent hypo-
glycemia were remarkably distinguished (26/36, 72.22% vs
8/30,26.67%; P<.001).

Brain injury and seizures. Moreover, 12 infants were docu-
mented to have experienced seizures over several days: 10 of
them had moderate WM injury and basal ganglia involvement
(Table 1), and 2 had normal MRI findings. When comparing
patients with (n=12) and without (n=54) seizures, the lowest
serum glucose was significantly lower for the former
(1.22 +0.22 vs 1.68 +0.36 mmol/L; P<.001). Infants with
abnormal MRI findings were more likely to have experienced
seizures (10/36, 27.78% vs 2/30, 6.67%; P=.027), and these
findings were statistically significant. Moreover, there was no
difference in other clinical features such as poor feeding, cya-
nosis, vomiting, and high-pitched cry between the patients
with and without abnormal MRI findings (P> .05), but irrita-
bility and apnea were found statistically significant (irritability:
26/36,72.33% vs 10/30, 33.33%; P=.002; apnea: 8/36,22.22%
vs 0/30, 0%; P=.006).

Discussion

The failure of metabolic adaptation after birth is the most
common cause of neonatal hypoglycemia. There is no princi-
pally “safe” blood glucose level for newborns, and in 2000,
Cornblath et al’ recommended the use of an “operational
threshold” for blood glucose management in neonatal infants.
In addition, as mentioned earlier, inadequate control of neona-
tal hypoglycemia can lead to adverse neurological consequences,
including severe psychomotor retardation and epilepsy.!®
However, so far, the number of low blood sugar levels or the
duration that can lead to a baby’s brain damage is still unclear,!!
and there is no single value to determine whether it can cause
brain damage.

There are few studies on the characteristics of cerebral his-
topathological changes in neonatal hypoglycemia, and the
characteristics of neuroradiological changes after severe hypo-
glycemia injury in adults are different from those of neonatal
brain injury.’? Adult hypoglycemic encephalopathy was char-
acterized by bilateral distribution in the basal ganglia, hip-
pocampus, temporal and occipital gray matter of the brain
cortex, and/or the substantia nigra, and these lesions in the
acute phase on T1-weighted and T2-weighted images were
characterized by hypointensity and hyperintensity, respec-
tively.!3 Early imaging examination of neonatal hypoglycemia
is important for early detection and prognosis evaluation of
brain injury.!* Moreover, Arhan et al’® found the results of
MRI in the patients who developed epilepsy after neonatal
hypoglycemia at the median age of 1.5 years, and the neurora-

diological findings were gliosis in occipital WM bilaterally,
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Figure 3. MRI of the patient born at postconceptional age of 40 weeks, MRI performed at age of 5days. Abnormal hyperintensity (white arrow) is
presented in the corpus callosum, posterior limb of the internal capsule, occipital cerebral cortex, and posterior white matter on DWI. DWI indicates

diffusion-weighted imaging; MRI, magnetic resonance imaging.

occipital cortical atrophy, gliosis in the parietal WM, parietal
cortical atrophy, or pulvinar scarring. This is different from the
neonatal period. Thus, diffusion imaging could detect lesions
more early in neonatal hypoglycemic patients, while later
hypoglycemic brain damage could assess using FLAIR and
T2-weighted images.

Neonatal hypoglycemia is closely associated with extensive
later cortical thinning, especially in the occipital lobe, which
can be confirmed by computed tomography or MRI.1® Kinnala
et al'’ reported MRI found that 39% babies with hypoglycemia
had abnormal imaging, and the brain abnormalities detected by
MRI were more significant than those detected by US.
Ultrasonography is less sensitive to cerebral cortex damage, and
other studies have reported that MRI is superior in detecting
non-hemorrhagic brain parenchyma damage.’® This is mainly
because MRI is more sensitive to detect diffuse lesions and
WM abnormalities, as well as its ability to show small struc-
tural changes, neuronal migration disorders, delays, or myelin
abnormalities.’” Therefore, the parieto-occipital injuries caused
by hypoglycemia in neonates are difficult to be detected by
US.? In recent years, studies have been conducted on the vul-
nerability of the WM and cortex of the posterior parietal and
occipital lobes, and it is found that this site is more likely to be
damaged in neonatal hypoglycemia. It was also believed that
the damage in parietal and occipital cortex and subcortical
WM may be the most serious one.?0 Cakmakci et al?! also
reported that MRI showed T1 and T2 shortening of WM
lesions in the occipital and frontal lobes. MRI abnormalities in
the occipital region were consistent with previous studies on
transient neonatal hypoglycemia.”

According to these studies, hypoglycemia in newborns can
cause delayed myelination, especially in the parieto-occipital
lobe; deep WM; and periventricular WM, and even lead to
cortical atrophy, especially in the occipital lobe.?>? Alkalay
et al?? found that 82% hypoglycemia infants had imaging man-
ifestations and neurological sequelae of the occipital lobe, 50%

had visual abnormalities, and 26% infants had transient brain
edema. We testified that MRI can accurately distinguish the
changes of brain injury caused by hypoglycemia. Therefore,
imaging studies have become an important tool for the diagno-
sis and prognosis of hypoglycemia brain injury.

The severity of hypoglycemia and the duration of persistent
hypoglycemia were not consistent with the characteristics of
specific brain injury on MRIL7 In our result, we also found
patients with abnormal MRI findings did not have lower blood
glucose and did not have severe hypoglycemia. However, we
found the number of days with hypoglycemia was significantly
higher for abnormal MRI infants. Moreover, there was also no
difference in sex, gestation age, birth weight, birth length, and
1- or 5-minute Apgar scores between the patients with and
without abnormal MRI findings. In our research, the lowest
serum glucose was significantly lower for the patients with sei-
zures, and the infants with abnormal MRI findings had shown
a greater likelihood of seizures. Therefore, for patients with sei-
zures, the MRI examination should be performed as early as
possible to detect the extent of brain damage. Babies with
abnormal MRI results should be closely followed to improve
the neurodevelopmental status and prognosis. Moreover, we
also found that there was no difference in other clinical features
such as poor feeding, cyanosis, vomiting, and high-pitched cry
between the patients with and without abnormal MRI find-
ings, although irritability or apnea was found statistically sig-
nificant. Thus, the clinical presentation of hypoglycemia may
not be associated with the injury on MRI.

Conclusions

WEe have described the imaging findings in 66 cases of neonatal
hypoglycemia. The most common observed abnormal findings
were injury primarily to the parietal and occipital lobes, and
some abnormalities are located on the posterior aspects of the
cerebral cortex associated with periventricular WM lesions.
However, in this observational study, a lack of sample size and
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the lack of a healthy control group may affect the accuracy of
the results, and our results did not allow drawing conclusions
on causality. Moreover, the 66 cases were not followed up for
assessment of long-term outcome, and further research requires
greater numbers and an understanding of the implications of
these findings for optimal cognitive and motor function to pre-
dict the outcome of proper clinical context.
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