
www.wjpsronline.com 

World Journal of Pharmaceutical Science and Research                                       Volume 3, Issue 2, 2024 

 

84 

 

 

 

 

 
COMPARATIVE ANALYSIS OF THE LEVELS OF PROTEIN S100 AND NEURON-SPECIFIC 

ENOLASE (NSE) IN PEDIATRIC PATIENTS BEFORE ANESTHESIA WITH SEVOFLURANE 

AT ANNUAL AGE AND REFERENCE VALUES 

 

V. Demjanski*
1
, M. Sholjakova

2
, S. Litajkovska

3
, LJ. Donev

1
 and LJ. Mikjunovikj

1
 

 
1
University Clinic of Anaesthesia, Reanimation, and Intensive Care – Clinical Centre “Mother Theresa” - Skopje, N. 

Macedonia. 

2
Medical faculty, “Ss. Cyril and Methodius” University, Skopje, N. Macedonia. 

3
University Clinic for Paediatric Surgery - Clinical Centre “Mother Theresa” - Skopje, N. Macedonia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

INTRODUCTION 

Neuron-specific enolase and protein S100 are serum biomarkers that indicate the presence of neurogenic damage. The 

awareness that sevoflurane affects serum levels of neuron-specific enolase (NSE) and protein S100 has increased 

interest in these markers. 
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ABSTRACT 

Background: Neuron-specific enolase and protein S100 are serum biomarkers that indicate the presence of 

neurogenic damage. The awareness that sevoflurane affects serum levels of neuron-specific enolase (NSE) and 

protein S100 has increased interest in these markers. Methods: Conducted over a year with 70 pediatric patients 

under sevoflurane anesthesia, the study assessed preoperative S100 and NSE levels, comparing them to references 

and analyzing deviations by age and gender. Electrochemiluminescence immunoassay (ECLIA) performed 

laboratory analyses, and SPSS software facilitated statistical evaluation. The study aimed to provide insights into 

pediatric preoperative S100 and NSE levels, comparing them to reference ranges and exploring factors influencing 

deviations. Results: In a study encompassing 70 pediatric patients (3 months to 14 years) undergoing sevoflurane 

anesthesia, neuron-specific enolase (NSE) averaged 18.40±6.22 ng/ml. Gender analysis disclosed higher NSE in 

males (19.08±5.95) compared to females (15.69±6.78). Protein S100 mean was 0.09±0.08 ug/L, with notably 

higher values in males (0.09±0.09) than females (0.07±0.04). Conclusion: Preoperative NSE and S100 levels in 

pediatric patients under sevoflurane anesthesia exhibit variations influenced by age and gender. Establishing 

gender-specific reference values is suggested for accurate assessment. The study's limitations include a small 

sample size, emphasizing the need for future research with larger cohorts for comprehensive insights. 
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Back in 1965, the plasma protein S100 (a dimer od alfa and/or beta subunits) was discovered in the brains of cattle. The 

S100 protein family consists of 24 members (S100A1-16, S100B, S100G, S100P, S100Z, ect.), functionally arranged 

into three main subgroups: those performing only intracellular regulatory effects, those with intracellular and 

extracellular functions and those primarily exerting extracellular regulatory effects.
[1]

 

 

Within cells, S100 proteins are involved in regulating proliferation, differentiation, apoptosis, Ca
2+

 homeostasis, energy 

metabolism, inflammation, and migration/invasion through interactions with various target proteins, including 

enzymes, cytoskeletal subunits, receptors transcription factors, and nucleic acids.
[2]

 The β dimer (S100β) is mainly 

found in glial and Schwann cells, where it is involved in fibrin and intermediate filament synthesis as well as in 

calcium-mediated signalling. Its concentration in the serum is very low under physiological conditions, but the 

permeability of the blood-brain barrier increases when nerve cells are damaged or in various pathological conditions, 

leading to an increase in the level of the S100 protein in the serum.
[3] 

 

The phenomenon of increased serum levels of S100 can also be observed in patients with Alzheimer's disease, 

neuroglioma, and hepatic encephalopathy. Damage to the blood-brain barrier causes its release from cells into 

cerebrospinal fluid or blood, and its concentration levels positively correlate with the occurrence of postoperative 

cognitive dysfunction (POCD).
[4] 

 

Neuron-specific enolase (NSE) is a biomarker that participates in glycolysis in neuroendocrine cells and cells of the 

central nervous system. It is a potential biomarker that may be in excess during POCD. In vertebrates, three isozymes 

of enolase are present, expressed by different genes: enolase α is ubiquitous; enolase β is specific to muscles, and 

enolase γ is specific to neurons.
[5]

 NSE is a highly specific marker for neurons and peripheral neuroendocrine cells, 

serving as a useful index of nervous maturation. It has been proven that NSE provides quantitative measures of the 

degree of brain damage and/or improvement in the diagnosis and evaluation of outcomes in ischemic stroke, 

intracerebral haemorrhage, seizures, comatose patients after cardiopulmonary resuscitation following a heart attack, and 

traumatic brain injury.
[6]

 Increased serum levels of NSE are also associated with melanoma, seminoma, renal cell 

carcinoma, Merkel cell carcinoma, carcinoid tumours, dysgerminomas and immature teratomas, malignant 

pheochromocytoma, Guillain-Barre syndrome, and Creutzfeldt-Jakob disease. Under normal conditions, plasma levels 

of NSE are extremely low. If neurons are damaged, NSE levels in cerebrospinal fluid and blood increase, and such 

increases are associated with the future occurrence of POCD.
[7]

 Laboratory analyses of S100 and NSE are performed 

using electrochemiluminescence immunoassay (ECLIA). 

 

OBSERVATION 

The monitoring and observation of the values of the proteins S100 and NSE in paediatric patients before surgery with 

sevoflurane, and the occurrence of frequent deviations from reference values, necessitated the undertaking of this study. 

 

Hypothesis 

The objectives of the study are: 

To determine the preoperative values of the proteins S100 and NSE in children who will undergo general anesthesia 

with sevoflurane; to compare the serum values of the proteins S100 and NSE with the reference values and confirm 

whether there are deviations and to ascertain whether deviations can be attributed to differences in age, gender, or any 

other factor. 
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By addressing these objectives, the study aims to provide insights into the preoperative levels of S100 and NSE in 

paediatric patients undergoing general anesthesia with sevoflurane, compare these values to established reference 

ranges, and explore potential factors contributing to any observed deviations. 

 

Study design 

The research represents a prospective, monocentric clinical study conducted over a period of one year during 

2022/2023 at the University Clinic for Paediatric Surgery and the Clinic for Anesthesia, Reanimation, and Intensive 

Care at the University Clinical Centre "Mother Teresa" in Skopje. Laboratory tests were conducted at the Clinical 

Biochemical Laboratory of the Surgical Clinics. 

 

Preoperative serum levels of the proteins S100 and NSE were determined in 70 paediatric patients undergoing general 

anesthesia with sevoflurane. The paediatric patients were divided into two age groups: 1-5 years (≤5 years) and 5-14 

years (>5 years) to determine in which group an increase in occurs most frequently. The biomarkers and their levels 

were compared. The obtained values of the enzymes are compared with the reference laboratory values considered as 

control values. For determining the preoperative serum levels of NSE and S100, a blood sample of 2 ml venous blood 

was taken. The sample was processed using electro chemiluminescent immunoassay (ECLIA) with the Roche Cobas 

e601 instrument (Roche Diagnostics GmbH, Mannheim, Germany). 

 

Statistical analysis 

The obtained values were statistically processed using the SPSS software package, version 20.0 for Windows (SPSS, 

Chicago, IL, USA). The Shapiro-Wilk W test was used to assess the normality of the frequency distribution of certain 

variables. For testing the significance of the difference, the Mann-Whitney U test was used for quantitative data with 

non-normal distribution. The Difference test was used for comparing proportions. A significance level of p < 0.05 was 

used to determine statistical significance. 

 

RESULTS 

In the study, a total of 70 (100%) paediatric patients aged 3 months to 14 years were included. Additionally, paediatric 

patients from the sample were divided into two groups based on age: ≤5 / >5 years. The group aged ≤5 years consisted 

of a total of 26 (37.14%) paediatric patients, with 20 (76.93%) being male and 6 (23.08%) female, resulting in a male-

to-female ratio of 1:3.3. In the group aged >5 years, there were 44 (62.86%) patients, with 36 (81.82%) being male and 

8 (18.18%) female, resulting in a male-to-female ratio of 1:4.5. There was no significant difference in the percentage 

representation of male patients between the two groups (Difference test: 4.89% [(-13.4-25.7) CI 95%]; p=0.624), as 

well as in female patients (Difference test: 4.90% [(-13.4-25.7) CI 95%]; p=0.623). 

 

In the entire sample of patients, the mean value of neuron-specific enolase (NSE) was 18.40±6.22 ng/ml, with a range 

of 1.63 to 32.29 ng/ml. In the examined sample, 50% of the total number of patients had an NSE value lower than 

18.86 ng/ml. In the age group ≤5 / >5 years, the average value of NSE was 18.72±5.69 ng/ml, with a range of 1.68 to 

28.23 ng/ml, compared to 18.21 ng/ml with a range of 1.63 to 32.29 ng/ml. In 50% of paediatric patients in the age 

group ≤5 / >5 years, the NSE value was higher, at 19.98 vs. 18.02 ng/ml. No significant difference was found between 

the groups of paediatric patients ≤5 / >5 years in terms of NSE levels (Mann-Whitney U Test: Z=-1.568; p=0.1169) 

(Table 1). 
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The analysis of the entire sample of paediatric patients indicated an average preoperative value of protein S100 of 

0.09±0.08 ug/L, with a range of 0.02 to 0.64 ug/L. In 50% of the total number of patients, the S100 value was lower 

than 0.08 ug/L. In the age group ≤5 / >5 years, the average value of protein S100 was consistently 0.09±0.04 ug/L, with 

a range of 0.05 to 0.18 ug/L, compared to 0.09±0.02 ug/L, with a range of 0.02 to 0.64 ug/L. In 25% of paediatric 

patients in the age group ≤5 / >5 years, the value of protein S100 was higher, at 0.10 vs. 0.09 ug/L. No significant 

difference was found between the groups of paediatric patients ≤5 / >5 years in terms of the level of protein S100 

(Mann-Whitney U Test: Z=-1.343; p=0.1792) (Table 1). 

 

Table 1: Preoperative levels of NSE (Neuron-Specific Enolase) and S100 in pediatric patients, both overall and 

categorized by age (≤5 / >5 years). 

Parameters 

Paediatric patients 

Number 

(N) 
Mean± SD Min/Max 

Percentiles 
p 

25th 50th (Median) 75th 

NSE 

≤5 years 26 18,72±5,69 1,68/ 28,23 18,82 19,98 20,32 

Z=-1,568; p=0,1169 > 5 years 44 18,21±6,57 1,63/ 32,29 15,84 18,02 21,42 

total 70 18,40±6,22 1,63/ 32,29 16,41 18,86 21,15 

S100 

≤5 years 26 0,09±0,04 0,05/ 0,18 0,06 0,08 0,10 

Z=-1,343; p=0,1792 > 5 years 44 0,09±0,02 0,02/ 0,64 0,06 0,07 0,09 

total 70 0,09±0,08 0,02/ 0,64 0,06 0,08 0,10 

Z=Mann-Whitney U Test: *significant p<0,05 

 

The analysis of the preoperative level of NSE according to gender showed that in paediatric patients of male gender, it 

was insignificantly higher compared to those of female gender, at 19.08±5.95 vs. 15.69±6.78 ng/ml (Mann-Whitney U 

Test: Z=1.329; p=0.1839). Additional analysis of the preoperative level of NSE indicated that in patients of: a) male 

gender, there was no significant difference between the two age groups ≤5 / >5 years, at 18.32±6.48 vs. 19.49±5.68 

ng/ml (Mann-Whitney Z=-0.598; p=0.5495); and b) female gender, there was a significant difference between the two 

age groups ≤5 / >5 years, with a significantly higher preoperative level of NSE in the group ≤5 years at 20.02±0.17 

ng/ml compared to the group >5 years at 12.46±7.57 ng/ml (Mann-Whitney Z=-0.598; p=0.5495) (Table 2). 

 

Table 2: Preoperative levels of NSE in pediatric patients according to gender and age ≤5 / >5 years. 

Parameters 

Paediatric patients 

Number(N) Mean± SD Min/Max 
Percentiles 

p 
25th 50th (Median) 75th 

NSE     

Male 56 19,08±5,95 1,68/ 32,29 16,88 18,86 21,50 
Z=1,329; p=0,1839 

Female 14 15,69±6,78 1,63/ 23,19 13,15 18,45 20,11 

NSE – Male     

≤5 years 20 18,32±6,48 1,68/ 28,32 17,85 19,60 21,24 
Z=-0,598; p=0,5495 

> 5 years 36 19,49±5,68 1,77/ 32,29 16,64 18,36 21,73 

NSE - Female     

≤5 years 6 20,02±0,17 19,68/ 20,12 19,98 20,11 20,12 
Z=-2,323; p=0,0201* 

> 5 years 8 12,46±7,57 1,63/ 23,19 6,11 14,59 16,73 

Z=Mann-Whitney U Test: * significant p<0,05 

 

The analysis based on gender in the total sample for the preoperative level of protein S100 in paediatric patients 

indicated a significantly higher value in those of male gender compared to those of female gender, at 0.09±0.09 vs. 

0.07±0.04 ug/L (Mann-Whitney U Test: Z=-2.990; p=0.0219). Additional analysis of the preoperative level of protein 
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S100 showed that in patients of: a) male gender, there is a significant difference between the two age groups ≤5 / >5 

years, with a higher S100 level in the group ≤5 years at 0.10±0.03 ug/L compared to the group >5 years at 0.09±0.11 

ug/L (Mann-Whitney Z=-2.873; p=0.0041); and b) female gender, there is no significant difference between the two 

age groups ≤5 / >5 years, with values of 0.05±0.01 vs. 0.08±0.05 ug/L (Mann-Whitney Z=1.162; p=0.2453) (Table 3). 

 

Table 3: Preoperative levels of protein S100 in pediatric patients according to gender and age ≤5 / >5 years. 

Parameters 

Paediatric patients 

Number (N) Mean± SD Min/Max 
Percentiles 

p 
25

th
 50

th
 (Median) 75

th
 

S100 

Male 56 0,09±0,09 0,02/ 0,64 0,06 0,08 0,10 Z=-2,990; 

p=0,0219* Female 14 0,07±0,04 0,03/ 0,19 0,05 0,06 0,08 

S100 - Male 

≤5 years 20 0,10±0,03 0,06/ 0,18 0,08 0,09 0,13 Z=-2,873; 

p=0,0041* > 5 years 36 0,09±0,11 0,02/ 0,64 0,06 0,07 0,09 

S100 – Female 

≤5 years 6 0,05±0,01 0,04/ 0,06 0,05 0,06 0,06 Z=1,162; 

p=0,2453 > 5 years 8 0,08±0,05 0,05/ 0,03 0,05 0,08 0,10 

Z=Mann-Whitney U Test: *significant p<0,05 

 

Paediatric patients of male and female gender from the same age group, ≤5 and >5 years, were compared in terms of 

preoperative levels of NSE and protein S100 (Table 4). 

 

Among paediatric patients of male and female gender from the age group ≤5 years, there was no significant difference 

in preoperative levels of NSE, with values of 18.33±6.48 vs. 20.02±0.17 ng/ml (Mann-Whitney Z=-0.821; p=0.4113). 

Additionally, among patients of male and female gender from the age group >5 years, a significantly higher value of 

preoperative NSE levels was found in male patients compared to female patients, with values of 19.49±5.69 vs. 

12.46±7.58 ng/ml (Mann-Whitney Z=2.678; p=0.0074) (Table 4). 

 

In the age group ≤5 years, a significantly higher preoperative level of protein S100 was found in male patients 

compared to female patients, with values of 0.09±0.11 vs. 0.08±0.05 ug/L (Mann-Whitney Z=3.591; p=0.0003). 

Additionally, in the age group >5 years, there was no significant difference between the two genders in terms of 

preoperative levels of protein S100, with values of 0.98±0.11 ug/L for males and 0.08±0.05 ug/L for females (Mann-

Whitney Z=-0.137; p=0.8911) (Table 4). 

 

Table 4: Comparison of genders based on preoperative levels of NSE and S100 protein and age ≤5 / >5 years. 

Parameters 

Paediatric patients 

Number 

(N) 
Mean± SD Min/Max 

Percentiles 
p 

25
th

  50
th

 (Median) 75
th

  

NSE (≤5 years) 

Male 20 18,33±6,48 1,68/ 28,23 17,85 19,85 21,24 
Z=-0,821; 

p=0,4113 
Female 6 20,02±0,17 19,68/ 20,12 19,98 20,11 2012 

Total 26 18,72±5,69 1,68/ 28,23 18,82 19,96 20,31 

NSE (> 5 years) 

Male 36 19,49±5,69 1,77/ 32,29 16,64 18,36 21,72 
Z=2,678; 

p=0,0074* 
Female 8 12,46±7,58 1,63/ 23,19 6,10 14,59 16,73 

Total 44 18,21±6,56 1,63/ 32,29 15,83 18,01 21,41 

S100 (≤5 years) 

Male 20 0,10±0,03 0,06/ 0,18 0,08 0,09 0,13 Z=3,591; 

p=0,0003* Female 6 0,05±0,01 0,05/ 0,06 0,05 0,06 0,06 
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Total 26 0,09±0,04 0,05/ 0,18 0,06 0,08 0,10 

S100 (> 5 years) 

Male 36 0,09±0,11 0,02/ 0,64 0,06 0,07 0,09 
Z=-0,137; 

p=0,8911 
Female 8 0,08±0,05 0,03/ 0,19 0,05 0,08 0,10 

Total 44 0,09±0,10 0,02/ 0,64 0,06 0,07 0,09 

Z=Mann-Whitney U Test: *significant p<0,05 

 

The comparative analysis of preoperative levels of NSE in paediatric patients with reference values for NSE up to 16.3 

ng/ml showed that only 25% of the participants had values below 16.4 ng/ml (Table 1.), including 14 female 

participants (15.69±6.78) and 8 participants in the group >5 years. Regarding the reference values for the protein S100, 

they are < 0.12 ug/L. The results of this study on the preoperative levels of S100 in paediatric patients indicated that all 

participants (100%), including those divided by gender and age groups, were within the reference values. 

 

DISCUSSION 

With this study, the set goals were achieved, and the hypothesis was addressed. It was demonstrated that there are 

statistically significant variations in the preoperative levels of NSE in paediatric patients, depending on age and gender 

(p<0.05). Biological variation (BV) describes the natural fluctuation of components in bodily fluids in vivo, considered 

unaffected by other processes, such as illness. BV estimates can be determined within an individual and across multiple 

individuals. Published BV values for several analytes are available, but data remain incomplete for biomarkers in 

special tests. 

 

Various applications of BV include using BV data to establish analytical performance specifications, calculate 

reference change values, define the individuality index, and establish personalized reference intervals. To obtain 

reliable BV estimates, studies must adhere to a standardized approach and be adequately documented. The recently 

published Biological Variation Critical Assessment Checklist (BIVAC) aims to assess whether BV studies contain all 

necessary elements for associated BV estimates to be credible and suitable for their purpose. The European Biological 

Variation Study (EuBIVAS) for S100-β (S100B) and neuron-specific enolase (NSE) proteins illustrates the importance 

of study designs by following the BIVAC checklist to ensure the validity of results.
[8]

 EuBIVAS has delivered BV 

estimates for 80 different measurements. Samples, stored at -80 °C, were measured using Roche Cobas e801 

electrochemiluminescence immunoassay with Roche reagents, calibrators, and control materials, with simultaneous 

haemolysis index analysis due to false elevation of NSE concentrations by hemoglobin.
[9,10] 

 

In another study, Qian Liu et al. examined the distribution of serum neuron-specific enolase and established a 

population reference interval in 10,575 healthy adults aged 20 to 79. The study found no significant age and gender 

differences in NSE levels. However, the reference interval for that population was higher than that predicted by Roche 

Diagnostics GmbH, making it more practical and applicable to the population. Furthermore, the findings suggest that 

each laboratory should establish an appropriate NSE reference interval that encompasses the regional population, 

environmental factors, and characteristics of the detection system.
[11] 

In a similar study, Wen et al. conducted a 

reference study on serum NSE in healthy adults aged 17 to 62 and reported no gender differences in serum NSE 

levels.
[12]

 In contrast, Li et al. reported significant differences in serum NSE levels by gender and established specific 

reference intervals for males and females.
[13] 

The ambiguous findings across studies may be attributed to sample 

collection errors, regional variations, individual differences, or different detection methods. 

 

 



www.wjpsronline.com 

World Journal of Pharmaceutical Science and Research                                       Volume 3, Issue 2, 2024 

 

90 

Differences in values were also noted in another study, regarding the method used for analysis and the way samples 

were stored. Some samples were analysed using the Diasorin method (LIAISON®NSE, LNSE) immediately after 

collection, while others were analysed using the Diasorin method and the Roche method (NSE Cobas e601, CNSE) 

after freezing and storing the samples for some time. Additionally, the comparison of the two methods was performed 

on freshly collected samples. The conclusion was that the CNSE method generated consistently higher NSE values than 

the LNSE method, and this difference was more pronounced when analysing frozen samples.
[14]

 

 

CONCLUSION  

Based on the obtained results from this study, it can be concluded that variations exist in the serum levels of NSE and 

S100 protein in paediatric patients before anesthesia with sevoflurane. It was observed that only in 25% of patients, the 

level of NSE, and in 100% of patients, the level of S100 protein, falls within the reference values. NSE values were 

lower in female children, but statistically insignificant (p=0.1839), and significantly lower in female children older than 

5 years (p=0.0201). It can be concluded that the values of S100 protein in paediatric patients before anesthesia with 

sevoflurane are significantly higher in male children (p=0.0219) and significantly lower in children under 5 years old 

(p=0.0041). 

 

It can be speculated and assumed that these variations may be due to other factors such as individual characteristics, 

errors in sample collection, depletion of reagents, and more. Certainly, this study suggests that reference values should 

have a gender-specific scale. 

 

Limitation of the study  

A key limitation of our study is the small sample size, which may constrain the generalizability of our findings to a 

larger population. Furthermore, the limited availability of published data on this specific topic poses challenges in 

establishing a comprehensive context for comparison and may impact the depth of our analysis. It is essential to 

interpret the results with caution, recognizing the need for future research with larger cohorts and more extensive data 

to enhance the validity and applicability of our findings. 
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