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ABSTRACT

Background: Diabetes ketoacidosis (DKA) is the leading cause of death in children with diabetes, especially when
it is complicated by cerebral edema. The predictors of CNS dysfunction/injury are largely unknown. In many
neurological disorders, neuron-specific enolase (NSE) is a marker of neuronal damage.

Objective: This study aimed to investigate the role of serum neuron-specific enolase as a marker of neuronal damage
in patients with DKA.

Patients and methods: A cross-sectional study with 90 DKA patients (aged 9.58 + 2.89 years) presenting to Pediatric
Intensive Care Unit (PICU), Children Hospital Zagazig University. Patients subjected to clinical history and
examination including Glasco coma scale (GCS), blood glucose, serum electrolytes, blood PH and computed
tomography of the brain for children with disturbed consciousness. Blood NSE at admission (baseline point) and after
24 hours of starting treatment of DKA (2-time points).

Results: There was a significant difference between NSE level on admission and NSE level 24 hours after start of
treatment. Patients with low GCS scores had higher serum NSE at baseline and 2-time points than those with normal
CGS (P=0.001; P=0.053). Patients with moderate and severe DKA had higher NSE at baseline and 2-time points in
comparison with those with mild DKA (P=0.001; P=0.098).

Conclusions: Children with moderate to severe DKA and impaired consciousness had higher serum NSE. The high
levels of NSE in patients with abnormal GCS, in the absence of cerebral edema on brain imaging indicate that NSE
is a reliable marker of neuronal injury.
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INTRODUCTION the cytoplasmic glycolytic pathway that is found in
Diabetic ketoacidosis (DKA) occurs in 30% of neurons and neuroendocrine tissue and is elevated in the
children with Type-lI Diabetes Mellitus (T1DM) at blood after these cells die. In several studies, it has been
diagnosis, while many children develop DKA as the established that higher serum or cerebrospinal fluid
disease progresses . DKA occurs due to a lack of levels of NSE represent a higher vulnerability to
adequate insulin in the body. In the absence of insulin, traumatic  injury, hypoxic-ischemic injury, and
the glucagon levels rise, releasing free fatty acids from neurodegeneration ©.
adipose tissue and amino acids from muscle cells @. As a result, an early marker that can be easily
DKA causes several abnormal processes within the measured in the blood and coincides with clinical
body, including fluid shifts, decreased perfusion, and decompensation for diabetic children could be useful
deranged pH, all of which affect many functions and for adjusting treatment strategies to minimize
cause electrolyte imbalances. Consequently, many neurologic injury during DKA presentation. NSE has
organs and body systems are affected ®. Brain injury been studied as a brain injury biomarker in traumatic
has been shown to result from DKA, although its exact brain injury, but studies assessing its value in pediatric
pathogenesis is not known. Subclinical cerebral edema DKA are very few & & 78 This study investigated
is prevalent in children with DKA, and frank cerebral serum concentration of NSE in children presenting
edema occurs in 0.5 to 1% of children. In the past, with DKA upon PICU admission and after 24 hours of
cerebral edema resulting from DKA was believed to be the start of treatment, as well as exploring the
the result of overaggressive fluid resuscitation and loss association between NSE and both impaired
of brain osmotic homeostasis. Recently, this theory has consciousness and severity of DKA.
been challenged. It is now thought that cerebral
hypoperfusion followed by reperfusion injury may SUBJECTS AND METHODS
cause the cytotoxic and vasogenic edema seen in This cross-sectional study was conducted at
patients with cerebral edema from DKA @, the Pediatrics and Clinical Pathology Departments of
Neuronal-derived proteins (such as neuron- Zagazig University Hospital. Ninety pediatric patients
specific enolase) have been quantified in peripheral presenting to the PICU of the University Children
samples (blood and cerebrospinal fluid) as measures of Hospital with a diagnosis of DKA. They were enrolled
brain damage/injury at the clinical and experimental in the study over a 2-year-period. 90 patients (32

levels. Neuron-specific enolase (NSE) is an enzyme of
@ ® @ This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY-SA) license (http://creativecommons.org/licenses/by/4.0/)
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males [35.6%] and 58 females [64.4%]), their mean
age was 9.58 £ 2.98 years.

Inclusion criteria:

Patients aged between one and sixteen years,
newly diagnosed or with an established diagnosis of
T1DM, who admitted to the PICU due to DKA. DKA
was diagnosed according to The American Diabetes
Association, 2014 including hyperglycemia (blood
glucose higher than 11 mmol/L or > 200 mg/dL) with a
venous pH of < 7.3 and/or bicarbonate (HCO3) level of
< 15 mmol/L and Ketonuria (urine ketones typically >
2+) @), Diabetic ketoacidosis was classified according to
severity of acidosis as mild (arterial pH < 7.3), moderate
(pH < 7.2), or severe diabetic ketoacidosis (pH < 7.1)
(10 patients with DKA were assessed for consciousness
using the Glasco coma scale (GCS) and then they were
divided into those with normal GCS (GCS score = 15)
and those with GCS scores < 15.

Exclusion criteria:

Diabetic patients with preexisting neurologic or
neuro-developmental  abnormality, those  with
hyperosmolar-hyperglycemic states, those with chronic
complications of TIDM and those with hypoglycemic
attacks. Additionally, we excluded patients outside the
age group.’

Data collection:

Patients were subjected to medical history,
including duration of T1DM since diagnosis, insulin
treatment, compliance to treatment, and previous
history of episodes of DKA or hypoglycemic attacks.
Detailed clinical examinations including vital signs,
Glasco coma scale (GCS) and neurological, cardiac,
abdominal, and chest examination. The laboratory
investigations included measurement of blood glucose
levels, arterial blood gases, urine analysis for ketones,
serum electrolytes, blood wurea nitrogen, serum
creatinine, and sepsis screen. Whole blood samples
were taken at baseline (onset) and after 24 hours of
starting treatment of diabetic ketoacidosis to measure
serum levels of NSE. Computed Tomography of the
brain was performed in children with disturbed levels of
consciousness.

Serum NSE quantification:

Blood samples were taken by venipuncture into
BD vacutainer® plastic plain tubes; EDTA tubes for
complete blood count, heparinized tubes for arterial
blood gases, and plain tubes. Plain tubes were permitted
to clot for 30 minutes then were centrifuged at 1200 xg
for 10 minutes for separation of serum, 500 ul of serum
were divided into 2 Eppendorf tubes for Eliza assays
(preserved into -80 deep freeze till analysis) while the
rest of serum was used for measurement of blood
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glucose levels, serum electrolytes (sodium, calcium,
and potassium), blood urea nitrogen and serum
creatinine were performed on the Cobas 8000 Modular
Analyzer series [C702 Module for chemistry tests and
ISE Module for serum electrolytes (Roche Diagnostics,
Mannheim, Germany)]. Neuron-specific enolase
enzyme-linked immunosorbent assay kits (ELISA)
were marketed with the brand name UBI MAGIWEL
enzyme immunoassay-neuron specific enolase (UBI
United Biotech Inc., Cat. No.: CM-901, Mountain
View, CA). Hemolytic specimens were discarded
because lysis of erythrocytes and platelets influence the
serum NSE level.

Ethical Approval:

The research protocol was approved by the
Institutional Review Board (IRB) of Zagazig
University Academic and Ethical Committee.
Written informed consents were taken from the
parents of enrolled patients before being included in
this study. This work has been carried out in
accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for
studies involving humans.

Statistical analysis

Data were statistically analyzed using IBM
SPSS Statistics for Windows, version 25.0. (Armonk,
NY: IBM Corp). Therefore, data were presented as
means + standard deviation, and the categorical data
were described using frequencies and percentages.
Differences between the groups were evaluated by an
independent sample t-test. Correlation regression
analysis was used to determine the clinical, and
laboratory factors that were significantly associated
with high levels of NSE 24 hours after starting
treatment. For all tests, values of (P < 0.05) were
considered statistically significant.

RESULTS

A total of 90 patients presenting to the PICU
with a diagnosis of DKA were enrolled in the study,
including 38 patients (42.2%) who were newly
diagnosed with T1DM, whereas 52 patients (57.8%)
had an established diagnosis of T1DM. In the 90
patients, 32 [35.6%] were males and 58 [64.4%]) were
females. The mean age of patients was 9.58 + 2.98
years, and 35.6% of patients had previous episodes of
DKA. A statistically significant difference between the
mean NSE level on admission (baseline point) (14.55 +
3.5ug/L) and the mean level 24 hours after the start of
treatment (2-time point) (29.5 + 6.8ug/L) was found (P
< 0.001). Those patients with GCS below 15 were 57
patients (63.4%). Sixty-six patients (73.4%) had
moderate and severe DKA, and other clinical and
laboratory characteristics were shown in table (1).
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Table (1): Demographic, clinical, and laboratory
characteristics of the studied children with DKA

The studied group N=90 (100%0)
Gender
Males N (%) 32 (35.6%)
Females N (%) 58 (64.4%)
Age (years)
Mean £ SD 9.58 + 2.98
Classification of children
according to the onset of TILDM 38 (42.2%)
Newly diaghosed T1DM 52 (44%)
An established diagnosis of
T1DM
Blood glucose level on
admission (mg/dL) 493.43+£98.2
Mean + SD
Duration of T1DM since
diagnosis (years) 53+23
Mean + SD
Previous history of episodes of 32 (35.6%)
DKA
Classification of children
according to GCS at 33 (36.6%)
presentation 57 (63.4%)
GCS score =15
GCS score < 15
Classification of children
according to the severity of 24 (26.6%)
DKA 66 (73.4%)
Mild
Moderate/severe
PH
Mean + SD 7.11+£0.13
Bicarbonate (mEg/L)
Mean + SD 9.48 +2.96
Sodium (mEqg/L)
Mean + SD 132.8 £10.3
Potassium (mEg/L)
Mean + SD 4.36 +0.83
Blood urea nitrogen (mg/dl)
Mean + SD 14.5 £ 3.39
Serum osmolarity (mmol/L)
Mean + SD 329.18 + 18.6
Creatinine (mg/dL)
Mean + SD 0.8+£0.13
Brain imaging (CT)
Normal 57 (63.4%)
Abnormal 0 (0%)
N/A 33 (36.6%)
NSE (ug/L) 1455+ 3.5
Baseline serum level (Mean £ 29.6 5.7
SD) P<0.001
Serum level 24 h after the start of (HS)**
treatment (Mean + SD)

DKA; Diabetic Ketoacidosis, GCS; Glasgow Coma
Scale , NSE; Neuron Specific Enolase
**Highly significant difference (P < 0.001)

Compared to patients with normal GCS scores,
those with low GCS scores had higher serum levels of
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NSE at baseline and 2-time points (P=0.001; P=0.053)
as shown in table (2).

Table (2): Serum levels of NSE of the studied children
in comparison to the GCS

Classification Levels of NSE (ug/L) P-
of children value
according to Baseline | Serum level
the GCS score serum 24 h after
level the start of
(Mean + treatment
SD) (Mean £ SD)
GCS score <15
N= 57 (63.4%) 17.3£85 | 235+6.9 | 0.001
*(S)
GCS score =15
N=33(36.6%) | 516+28 | 6.81+0.3 | 0.053
(NS)
GCS; Glasgow Coma Scale, NS; Not Significant,
NSE; Neuron Specific Enolase, S; Significant

*Statistically significant difference (P <0.05)

According to DKA severity, patients with
moderate and severe DKA had higher serum levels of
NSE at baseline and 2-time points in comparison with
those with mild DKA (P =0.001; P= 0.098) as shown in
table (3).

Table (3): Serum levels of NSE of the Studied Children
in comparison to the severity of DKA

Classification Levels of NSE (ug/L) P-

of children Baseline Serum level | value
according to | serum level | 24 h after the

the severity (Mean start of

of DKA SD) treatment
(Mean £ SD)

Moderate/sev
ere DKA 19.2+8.1 28578 |0.001
N= 66 (73.4%) *(S)
Mild DKA
N= 24 8.4+33 8.8+0.7 0.098
(26.6%) (NS)

DKA,; Diabetic Ketoacidosis, NS; Not Significant,
NSE; Neuron Specific Enolase, S; Significant
*Statistically significant difference (P <0.05)

Significant positive correlations were reported
between serum levels of NSE at 24 hours after starting
treatment of DKA and baseline NSE level (r =0.75; P =
0.0001), duration of diabetes (r = 0.45; P = 0.04) and
initial blood glucose level (r=0.72; P =0.002), whereas
significant negative correlations were reported with age
(r = -0.68; P = 0.001), GCS scores (r = -0.73; P =
0.0001) PH level (severity of acidosis) (r = -0.69; P =
0.024) and bicarbonate level (r = -0.45; P = 0.03) as
shown in table (4).
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Table (4): Correlation between serum levels of NSE
after 24h of treatment and clinical and laboratory

parameters in diabetic children with diabetic
ketoacidosis
Variable R P-value
Serum NSE on admission | 0.75 0.0001*(HS)
(baseline point)
GCS score -0.73 | 0.0001**(HS)
Age -0.68 0.001*(S)
Duration of diabetes 0.31 0.04*(S)
Blood sugar on admission | 0.72 0.002*(S)
PH -0.69 0.024* (S)
Bicarbonate -0.45 0.03* (S)

GCS; Glasgow Coma Scale, NS; Not Significant,

NSE; Neuron Specific Enolase, r;  Pearson
correlation coefficient, S; Significant *Statistically
significant difference (P<0.05) **Highly significant
difference (P<0.001)

Analysis of multiple regression for factors
associated with elevated basal levels of neuron specific
enolase determined significant association with levels
of GCS (P=0.001), random serum glucose (P= 0.003),
pH (P=0.039), and bicarbonate (P=0.009) (Table 5).

Table (5): Multiple regression analysis of NSE of
factors associated with elevated levels of NSE

Standardized
Variable Coefficients t P-value.
Beta

GCS score -.285 - 0.001*(S)
3.436

Blood sugar 217 3.136 | 0.003*(S)

on

admission

PH -.193 - 0.039*(S)
2.116

Bicarbonate -.250 - 0.009*(S)
2.702

Age .081 1424 | 0.161*

(NS)
Duration of .074 1.445 0.155
diabetes (NS)

GCS; Glasgow Coma Scale, NS; Not Significant,
NSE; Neuron Specific Enolase.

S; Significant ~ *Statistically significant difference
(P<0.05) **Highly significant difference (P<0.001)
DISCUSSION

In diabetic children, DKA is the leading cause
of PICU admissions. Hyperglycemia, osmotic diuresis,
and metabolic acidosis are caused by insulin resistance
or insulin deficiency. Severe acidosis can lead to CNS
dysfunction as well as serious organ dysfunction.
Children with severe DKA often exhibit altered mental
status ©. Neuronal damage in DKA needs to be
measured promptly and accurately to determine the
prognosis of functional outcomes. CT scan can identify
structural damage in the brain, but it can miss the
neurophysiological changes. Neuronal, axonal, and
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astroglial biomarkers detected in serum may aid in the
prediction of clinical outcomes in critically ill patients.
A simple plasma test would be extremely useful for
neuromonitoring of patients at high risk of neurologic
injury such as children presented with DKA (0. 11.and12),

NSE is found primarily in neurons and
neuroendocrine cells, and in response to various forms
of brain injury, it is released into the CSF and blood, and
it can serve as an indicator of ongoing neuronal damage.
The biological half-life of NSE is longer than 20 h, and
serum levels of >10 microg/l are pathological. NSE is
commonly used to predict outcomes after traumatic
brain injuries (TBIs) and cardiac arrest. In addition,
serum NSE has been shown to rise in cases of delirium,
seizures, status epilepticus, and meningitis (3 14 15,16, and
17)

There was a statistically significant difference
between the mean NSE level on admission (14.55 +
3.5ug/L) and the mean level 24 hours after the start of
treatment (29.6 + 8.7ug/L) (P <0.001). The present
study found that NSE levels increased before and during
diabetic ketoacidosis correction. These findings are
consistent with Elshorbagy et al. ® who found higher
serum concentrations of NSE in the DKA group at the
three-time points: admission (13.9 + 2.8 ng/mL), 12
hours (27.8 + 2.3 ng/mL), and 24 hours (36.7 = 5.6
ng/mL) after starting treatment compared to children
with TIDM without DKA (10.2 + 2.2 ng/mL) and
healthy controls (5.17 £ 1.5 ng/mL). Similarly, Hamed
et al. ® found a significant increase in serum levels of
NSE at three-time points: baseline (14.6 + 3.2 ug/L), 12
h after the start of therapy (29.7 = 2.12 ug/L), and 24 h
(38.5 + 6.82 ug/L) after the start of treatment of children
with DKA.

According to our findings, the persistence of
higher levels of NSE 24 h after starting DKA
treatment suggests that neuronal injury may recover
partially but not completely after the episodes of
DKA, and therefore, repeated episodes of DKA may
result in progressive neuronal injury. In addition, the
healing process in neurological tissues is known to be
relatively slow, so persistent NSE elevations might be
expected after 24 hours of DKA. NSE levels are high
during the critical period when acute complications of
DKA have been reported © 8, In previous studies,
NSE has been found in higher concentrations in
patients with diabetes with and without overt
neurological complications, and its presence is
associated with increased oxidative stress and
neuronal apoptosis. The multiple metabolic
abnormalities that occur during DKA, including
hyperglycemia, ketosis, acidosis, hypocapnia, and
dehydration may cause oxidative stress, abnormal
lipid peroxidation, neuroinflammation, and necrotic
and apoptotic loss of neurons © 19,

In individuals with intact blood brain barrier
(BBB), brain-derived proteins such as NSE do not
cross the BBB. NSE levels have been used as a marker
for brain injury with disruption of the BBB. It has been
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shown by Vavilala et al. ?® that whole-brain and
regional BBB permeability increase during DKA
treatment. The exact mechanism of the increase in
BBB permeability is not known, but it may be caused
by the DKA-induced inflammatory response resulted
in an immunologic cascade that disrupted tight
endothelial junctions. Additionally, hyperglycemia,
matrix metalloproteinase activity, and insulin
administration are all associated with increased BBB
permeability. As long as the damage continues and
NSE is washing out of the brain tissue, serum levels of
NSE should rise %22, Qur results are consistent with
a previous study reporting evidence of neuronal injury
without brain edema. In an adolescent with TIDM and
recurrent episodes of DKA without clinically evident
cerebral edema, Wootton-Gorges et al. ?® observed a
reduction in N-acetyl aspartate/creatine ratio as an
indication of irreversible brain damage. In contrast to
our findings, Cath et al. @Y found no significant
difference in NSE levels between the DKA, T1DM,
and healthy control groups, and did not change
significantly during DKA treatment. These
unexpected results of their study may be explained by
fewer cases in the DKA, T1DM, and healthy control
groups.

In this study, the high percentage of patients (63.4%)
presenting with depressed mental status as indicated by
GCS < 15 was unexpected. There is considerable
evidence that DKA patients commonly have some
degree of cerebral injury or dysfunction at the time of
presentation, though it is often subclinical. Therefore,
identifying patients at risk for cerebral injury is
important and the scope of the problem is much broader
than that represented by the small percentage of patients
with overt cerebral edema @%. In the current study,
compared to patients with normal GCS scores, those
with low GCS scores had higher serum levels of NSE
at baseline and 2-time points and according to DKA
severity, patients with moderate and severe DKA had
higher serum levels of NSE at baseline and 2-time
points in comparison with those with mild DKA,
suggesting that the severity of acidosis was the main
factor responsible for the increase in NSE levels.
According to Hamed et al.® in comparison with
patients with normal GCS scores and those with mild
DKA, those with low GCS scores and those with
moderate to severe DKA had significantly higher levels
of neuron-specific enolase at 3-time points. The
difference between the DKA group with normal GCS
scores and healthy controls was not significant. Also,
Elshorbagy et al.*® concluded that patients with low
GCS scores had significantly higher concentrations of
NSE at the three-time points compared to patients with
normal GCS scores, and patients with severe DKA had
significantly higher concentrations of NSE at each time
point compared to patients with moderate and mild
DKA. However, the difference between the mild DKA
group and healthy controls was not significant. On the
other hand, Cath et al. ® found no significant

3876

difference in NSE levels between DKA patients with
low and normal GCS. Based on our findings, we
concluded that elevated NSE levels may indicate
neuronal injury in patients with abnormal GCS despite
the lack of radiological findings in CT scans.

In this current study, we found significant positive
correlations between serum levels of NSE after starting
treatment of DKA and baseline NSE level, duration of
diabetes, and initial blood glucose level, whereas
significant negative correlations were reported with age,
GCS scores, and severity of acidosis. These findings are
in accordance with Elshorbagy et al.*® who found that
the risk factors of higher serum concentrations of NSE
in children with DKA were younger age, lower GCS
score, higher degrees of hyperglycemia, longer duration
of illness, and more severe acidosis and ketosis. Hamed
et al.® found significant positive correlations between
levels of NSE at 24 hours after starting treatment of
DKA with random serum glucose level, duration of
T1DM, and levels of NSE at baseline, whereas
significant negative correlations were reported with age,
GCS score, pH, and bicarbonate. According to previous
studies, the predictors of higher levels of neuron-
specific enolase in diabetic ketoacidosis seemed to be
young age, severe hyperglycemia, acidosis, and ketosis
(25.26) There are many factors associated with higher
levels of NSE during DKA, but none of these variables
has been singled out as the most important determining
factor © 25.and 26) However, the degree of acidosis was
the most important determining factor of an impaired
level of consciousness in children with DKA without
cerebral edema @®). Study strengths include the fact that
NSE can obtain more precise measurements of neuronal
damage during DKA treatment in addition to clinical
examination, which is important for determining the
prognosis of functional outcomes. Our ability to
recognize and diagnose DKA patients with neuronal
damage may be improved. Moreover, the development
of point-of-care tests would be vital for providing
clinicians who treat DKA patients with real-time
information. Point-of-care, rapid plasma NSE testing
could become an adjunct to other neuromonitoring
methods commonly used in PICUs, allowing clinicians
to stratify patients based on their risk for neurologic
injury due to DKA. NSE serum testing could act as a
trigger for neuroimaging (e.g., brain MRI) and provide
insight into neuroprotective interventions, as well as
predict long-term outcomes. Furthermore, NSE may be
used as real-time entry criteria for future clinical trials
(29)

Our study had several limitations that must be
considered. The first challenge is defining and detecting
neurologic injuries in children. Although the GCS score
is more objective, it may not be sensitive enough to
detect neurologic injuries. Furthermore, no control or
diabetic groups were selected for further comparative
analysis of the results. Due to ethical concerns, NSE in
the cerebrospinal fluid was not measured. Further
studies, including long-term  neuropsychological
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follow-up, will need to be performed to confirm these
findings. Upon obtaining the appropriate funding, we
will follow a subset of patients for the purpose of
determining cognitive outcomes over time and
assessing the relationship  between  cognitive
impairment and these markers and evidence of CNS
injury at the time of presentation with DKA.

CONCLUSION

Children with moderate to severe DKA and
impaired consciousness have higher serum levels of
NSE. The high levels of NSE in patients with abnormal
GCS, in the absence of cerebral edema on brain
imaging, and the positive correlation between NSE and
severity of acidosis indicate that NSE is a reliable
marker for neuronal injury.
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