Open Access Emergency Medicine

Dove

ORIGINAL RESEARCH

The Diagnostic Value of Neuron-Specific Enolase in
Children with Mild Blunt Trauma Requiring Cranial

CT Scan

Javad Mozafari'

Hassan Motamed ('

Mohammad Ghasem Hanafi?
Bita Fatehifar®

'Department of Emergency Medicine,
Golestan Hospital, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz,
Iran; 2Department of Radiology, Ahvaz
Golestan Hospital, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz,
Iran; 3Student Research Committee,
Ahvaz Jundishapur University of Medical
Sciences, Ahvaz, Iran

Correspondence: Hassan Motamed
Department of Emergency Medicine,
Golestan Hospital, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz,
Iran

Email Hasan_motamed@yahoo.com

This article was published in the following Dove Press journal:
Open Access Emergency Medicine

Background: The present study was conducted to investigate the relationship between
serum levels of enolase and pathological findings obtained from CT scans of the brain in
children with mild blunt brain trauma and help with a more accurate diagnosis of brain
injuries.

Methods: The present observational study was conducted on children presenting with head
traumas to the emergency department (ED) of Golestan Hospital in Ahvaz, Iran in 2016.
A venous blood sample was immediately taken by the ward nurse from all the eligible patients
within 6 hrs of the incident after obtaining their information, performing initial examinations and
their initial stabilization. Laboratory serum levels and the corresponding interpretations of CT
scans of the brain were collected, recorded and then evaluated and analyzed.

Results: A total of 62 children with mild blunt brain trauma were included in the study.
A significant difference was observed between the positive CT scan group (2.7+£9.74 pg/L)
and the negative group (4.23+1.33 pug/L) in terms of serum levels of enolase (P<0.0001). The
area under the receiver operating characteristic (ROC) curve was 0.992 for serum levels of
enolase in diagnosing brain lesions caused by mild head traumas. Moreover, with a cut-off
point of 6.97 ng/L, brain lesions could be detected with a sensitivity of 93.55% and
a specificity of 100%.

Conclusion: Serum levels of enolase were found to be higher in patients with brain injuries.
This highly accurate diagnostic biomarker can be recommended for estimating the presence
of brain lesions associated with mild head traumas in infants.
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Introduction

Traumatic brain injuries (TBIs) caused by an external pressure on the brain can
temporarily or permanently disrupt the nervous function.' This damage is the
reason for hundreds of thousands of presentation to emergency departments
(EDs) each year.” Accidents are a major cause of presenting to EDs and the leading
cause of death in children below the age of 15 years. Falls (32%) and road traffic
accidents (31.1%) constitute the main causes of trauma, and head (38.5%), multiple
traumas (34.4%) and limbs (18.9%) are the most common anatomic sites of the
injuries.® Despite the preventive measures taken, TBIs still remain a major cause of
morbidity in children, annually afflicting 100,000-150,000 children. Although the
majority of these injuries are mild, and do not require hospitalization, 10-15% are

severe and can cause significant damage or death.*”
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The mechanism of damage to the head varies with age.
The damage caused by impacts is a major injury in infants
and is accompanied by severe diffuse injury if repeated.
Delays in treating these injuries are usually associated with
hypoxic ischemia, which distinguishes it from other head
traumas, and generally causes the worst outcomes in these
patients compared to other cases of head trauma.’ Falls are
the most dominant mechanism of damage in toddlers,
whereas damage caused by road traffic accidents is the
most prevalent in adults.®

Non-penetrating head traumas are mostly mild, leading
to a GCS score of 14-15. Standard CT scans of the brain
are required for determining brain damage based on the
symptoms of the injured.” Performing CT scan exposes the
patient to X-ray, which can increase the risk of cancers.
The risk of leukemia and brain tumors is higher in children
who undergo numerous CT scans up to the age of 15
years.® Research suggests that one case of leukemia and
one case of brain tumor can be expected within 10 years of
CT scan in every 10,000 children below the age of 10
years undergoing CT scan. The present study was con-
ducted to help more accurately diagnose brain injuries by
investigating the relationship between serum levels of
neuron-specific enolase (NSE) and pathological findings
obtained from CT scans of the brain in children with mild
blunt brain trauma.

Materials and Methods

Study Design

This study had been conducted according to the Standards
for Reporting Diagnostic Accuracy (STARD).?

After obtaining ethics code from the ethics committee
of Jundishapur University as per the ethical principles
stated for medical research involving human subjects in
the Declaration of Helsinki, the present observational
study was conducted on all children with head traumas
presenting to the ED of Golestan Hospital in Ahvaz in
2016.

Participants

After the initial examinations and stabilization of the patients
with TBIs by a senior emergency medicine resident, CT
scans of the brain were performed according to the latest
guidelines in case the indications appeared, including an age
of 6 months to 18 years, a GCS score of 14 and 15, the
mechanism of damage being of the type of traffic accidents
and domestic or sport injuries, the incident occurring within

the previous 6 hrs, the parents giving consent for the partici-
pation of their children in the study, lack of pregnancy, no
history of alcohol or drug abuse, no history of neurological
diseases such as seizure and epilepsy and the absence of
severe road traffic injuries such as overturned vehicle or
being thrown out of the car.

The exclusion criteria comprised a history or clinical
evidence for stroke, cerebral hemorrhage, head trauma and
infection of central nervous system within the previous 3
months, a history of brain tumors, having injuries other
than mild brain trauma such as limb fractures, having
a history of major diseases such as diabetes, heart pro-
blems and asthma, a BMI below the fifth percentile or
above the 95th percentile, severe traffic injuries such as
overturned vehicle or being thrown out of the car.

Test Methods

In the present analytical epidemiological study, a venous
blood sample was immediately taken by the ward nurse
from all the eligible patients within 6 hrs of the incident
after obtaining their information, performing initial examina-
tions and their initial stabilization. The patients were then
referred to an imaging unit for cranial CT scan. The initial
data recorded in relevant forms involved the mechanism of
injury, the presence of lacerations, scratches, contusions and
the size and site of the lesion in the scalp and face, GCS score
upon examination, headache, nausea, vomiting, dizziness,
neurological defects, amnesia, reductions in levels of con-
sciousness and their duration. The collected samples were
then immediately transferred to the central laboratory of
Golestan Hospital, centrifuged and their serum was separated
and kept at —80°C. After collecting the required number of
samples, laboratory kits for measuring the biomarker of
enolase (CanAg Humn NSE ELI, made in Switzerland)
were used to individually determine and record the serum
concentration of enolase in each sample according to the
ELISA method without any knowledge of the results of CT
scans of the brain. The initial CT scans of the brain of all the
patients were performed by a CT scan machine, the results
interpreted by an emergency medicine specialist, and the
films subsequently interpreted independently by one neuro-
radiologist, who was unaware of the results of enolase levels.
The patients were dealt with according to the clinical proto-
col of handling head-trauma patients. After collecting and
recoding the results of laboratory serum levels and the corre-
sponding interpretations of CT scans of the brain, one group
of the patients with positive-for-trauma pathological findings
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in CT scans and the other group with negative findings were
analyzed based on the calculated sample size.

Analysis

Statistical analyses were performed in SPSS. The normally
distributed data were expressed as Mean =+ Standard
Deviation (SD). The Chi-square test was used for the quali-
tative data, the paired #-test for the normally distributed
quantitative data, and Mann—Whitney U-test for the non-
standard quantitative data. The ROC curve was plotted for
the ability of NSE to diagnose mild blunt brain trauma in
children and predict hospital mortality, and cut-off points
with the highest sensitivity and specificity were determined.
P<0.05 was set as the level of statistical significance.

Results
Sixty-two children with mild blunt brain traumas were stu-
died in two groups of 31, namely the positive and negative
CT scan groups. Table 1 presents the patients’ demographic
information, clinical symptoms and GCS scores.

Serum levels of enolase were found to be 9.74+2.7 pg/
L in the positive CT scan group and 4.23+1.33 ng/L in the
negative group, suggesting a statistically significant differ-
ence (P<0.0001). In the positive CT scan group, the fre-
quency of a GCS score of 14 was 17 (54.8%) and that of
a GCS score of 15 was 14 (45.2%), and in the negative CT

Table | Frequency and Mean Distribution of Demographic and
Clinical Variables of Patients According to Two Groups

scan group, these frequencies were, respectively, 6
(19.4%) and 25 (80.6%), suggesting a statistically signifi-
cant difference (P=0.004) (Table 1).

The area under the ROC curve for serum levels of
enolase was found to be 0.992 (SE=0.001, P<0.007) in
diagnosing brain lesions caused by mild head traumas
(Table 2) (Figure 1). The optimal cut-off points obtained
also included 5.74 pg/L with a sensitivity of 100% and
a specificity of 87.1%, and 6.97 pg/L with a sensitivity of
93.55% and a specificity of 100%.

Discussion
Head and neck traumas caused by accidents are common
reasons for presenting to EDs.'” CT scan is an effective
technique available to physicians for diagnosing head
lesions;'! nevertheless, it is costly, and causes a longer
hospital stay, and exposes patients to the risks of radiation.
The present findings showed significantly higher serum
levels of enolase in the children with mild head traumas
and positive results of CT scans of the brain, ie, 9.744+2.7
png/L, compared to in another group of these children with
negative CT scans (4.23+1.33 pg/L). In contrast, de Kruijl
et al (2001) found serum levels of enolase to be 9.8 ug/L
in patients with mild head traumas and 9.4 pg/L in healthy
patients, suggesting that brain trauma causes a negligible
increase in the levels of this enzyme.'? According to the
present study results, in the positive CT scan group, the
frequency of a GCS score of 14 was 54.8% and that of

CcT CcT P-value Table 2 Correlation with ROC and Characteristics Factors
Positive Negative Auc |sE | cr9s5% P-value
Age, year Mean + SD 857 £ 5.16 832 + 472 0.484 Overall 0992 | 0.007 | (0927, 1 <0.0001
Gender, Male N (%) | 22 (71) 24 (774 0.562 Gender | Male | 0985 | 0013 | 0.89%, 1) <0.0001
Serum NSE, pg/L Mean | 9.74 + 2.7 423 +1.33 P <0.001 Female | 0 (0.794, 1)
+SD
Age 0-2) - - - <0.0001
GCS N (%) 14 | 17 (54.8) 6 (19.4) 0.004
(2-10) | 0 0910, 1)
15 | 14 (45.2) 25 (80.6)
(10-18) [ 0.954 | 0.039 | (0.777, 0.999)
Headache N (%) | Yes | 19 (61.3) 14 (45.2) 0.126
GCS 14 0.980 | 0.024 | (0.818, I) <0.0001
No | 11 (35.5) 17 (54.8)
15 | 0 0910, 1)
Vertigo N (%) Yes | 7 (22.6) 309.7) 0.301
Headache | Yes 0.979 | 0.019 | (0.859, I) <0.0001
No | 24 (77.4) 28 (90.3)
No [ 0 0.877, 1) <0.0001
Confusion Yes | 2 (6.5) 0 0.492
N (%) Vertigo Yes | 0 (0.692, 1) <0.0001
No | 29 (93.5) 31 (100)
No 0.994 | 0.007 | (0.920, I) <0.0001
Abbreviation: NSE, neuron-specific enolase.
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Figure | Receiver operating characteristic (ROC) curve for the diagnosis of NSE.

a GCS score of 15 was 45.2%, and in the negative CT scan
group, these frequencies were, respectively, 19.4% and
80.6%, suggesting higher levels of consciousness or
a GCS score of 15 in the negative group. Initial levels of
consciousness based on the GCS score are a deciding
factor for initial treatments and long-term complications.

According to the present study results, with a cut-off
point of 5.74pg/L, serum levels of enolase were found to
diagnose intracranial lesions with a sensitivity of 100%
and a specificity of 87.1%. Moreover, with a cut-off point
of 6.97ug/L, serum levels of enolase could be used to
diagnose these lesions with a sensitivity of 93.5% and
a specificity of 100%. These findings are consistent with
positive CT scan results in girls and boys aged 2—10 years
and 10-18 years. Meric et al (2008) investigated head
traumas and changes in serum levels of enolase, and
reported an area under the ROC curve of 0.931 with a cut-
off point of 20.52 ng/L for serum levels of enolase and
a sensitivity of 87% and a specificity of 82.1%,'* which is
inconsistent with the present research.

Bandyopadhyay et al (2005) investigated serum levels
of enolase in patients suspected of head traumas, and
found these levels to be a predictor of the GCS score
after TBIs,'* which is consistent with the present findings
considering the area under the ROC curve.

Similar to the present study, Fridriksson et al (2000)
found serum levels of enolase to be a predictor of intracranial

lesions in a positive and a negative CT scan group, although
they argued that this method should not be individually
considered a method of diagnosing head and neck traumas
given the low sensitivity obtained, ie, a cut-off point of 15.3
ng/L for serum levels of NSE with a sensitivity of 77% and
a specificity of 52%.'> In addition, they observed no signifi-
cant differences between the positive and negative CT scan
groups in terms of nausea, vomiting, headache, dizziness and
contusion.

Conclusion

Serum levels of enolase were higher in patients with brain
injuries. Furthermore, this highly accurate diagnostic bio-
marker can be recommended for identifying brain lesions
associated with mild head traumas in infants. The cut-off
point of 6.97 ng/L was also associated with a higher
sensitivity and specificity compared to the findings of
other studies.
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