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Neuron Specific Enolase And Serum Electrolytes In Comatose Patients

Abstract:
Background:Coma is a profound state of unconsciousness in which the patient cannot be roused by external stimuli. The metabolic fingerprint of comatose patients is essential to identify the underlying molecular pathways and to use as a basis for developing specific therapies. In this article, the metabolic alterations associated with coma were focused on, focusing in particular on key biomarkers and pathways of its pathogenesis.
Methods:The study included 32 comatose patients with varying underlying reasons. After 48 hours of coma, serum electrolytes and neuron-specific enolase (NSE) were examined, the tests were repeated after 72-hour to determine the involvement of electrolytes and NSE in coma progression. The patients' coma outcomes were monitored using intensive care unit records.
Results : The results of the serum tests showed that there was a significant imbalance in the levels of Magnesium and Potassium, as they had decreased considerably. However, there was no significant change observed in the levels of Sodium during both tests. In addition, the levels of Calcium and neuron-specific enolase were found to be considerably increased. A moderate, positive correlation was observed between the duration of coma and the levels of neuron-specific enolase. On the other hand, a highly significant negative correlation was found between the levels of Calcium and Magnesium with the duration of the coma. This correlation was more pronounced in females. The cause of the brain injury also played a significant role in determining the outcome of the coma and its duration. For instance, patients with brain trauma due to road traffic accidents had a lower mortality rate and better prognosis than patients with anoxia or ischemia as the cause of coma. The latter group had worse outcomes such as death and vegetative states.
Conclusion: The findings suggest that etiology of TBI and electrolyte status in particular low magnesium, potassium together with high calcium and NSE are significant for the duration and outcome of coma and prediction.

Introduction 
Coma is a complex neurological condition raising multiple challenges for both investigators and clinicians. The fundamental patho-physiology is manifest in the biochemical changes seen comatose subjects and these may have important implications for diagnosis, prognosis and planning of therapy. A special feature of coma is a disturbance of neurotransmitter balance [1]. It has been shown that neurotransmitter activity (eg, acetylcholine, dopamine, and gamma-aminobutyric acid (GABA)) is impaired in patients who are comatose. These changes contribute to the disturbance of regular brain activity and could provide information on the processes underlying unconsciousness [2-4]. Comatose states are often associated with a variety of metabolic disorders involving different biochemical pathways [5]. Glucose disorder, electrolyte abnormality, and mitochondria dysfunction are commonly occurring in patients with coma [6]. It is necessary to understand these metabolic changes in order to develop targeted therapies for restoring cellular homeostasis. Inflammation is a key contributor to the pathophysiology of coma. Comatose patients have been observed to exhibit higher levels of pro-inflammatory cytokines and chemokines, suggesting that neuro-inflammatory mechanisms may be contributing[7]. Comatose patients may be at a higher level of oxidative stress, which could lead to cellular damage and dysfunction7],[8]. And ROS and RNS also mediate oxidative injury to the brain[9-10]. Given that the antioxidant defences in comatose states are often overwhelmed, interventions that reduce oxidative stress[11-12] are important. With advances in neuroimaging technology, specific biomarkers of coma have been identified. S100B, neuron specific enolase (NSE) and glial fibrillary acidic protein (GFAP) are among the biomarkers that may be useful in assisting diagnosis and predicting patient outcome after coma[13-15]. Aim : Determining how NSE and electrolytes influence the duration and outcome of coma. Enhancement in prognosis prediction can be gained by application of these biomarkers in clinics.

Materials and methods
Thirty-two patients were recruited from the intensive care unit of Al-Nasiriyah Teaching Hospital, between October 2022 and April 2023 for different causes, including cardiac arrest, anoxic shock and traffic collisions with initial Glasgow coma scale scores (GCS) of (3-8). 48 hours after admission and 72 hours later, blood samples were collected. From the ICU records, we gathered details regarding the patient's post-coma recovery trajectory, such as whether they regained consciousness, continued to live in a vegetative state, or ended up passing away. The research made use of this data. Blood samples were analyzed for the concentration of NSE using  ELISA kit (Elabscience)® , while serum electrolyte were analyzed using biochemical analyzer (Abbott, ARCHITECT C4000)®.
Inclusion criteria: Patients with a Glasgow Coma Score of 8 or less and an extended coma period of 7or more days.
Exclusion criteria: Patients who regain consciousness within less than 7 days
Ethical permission: The administration of the ICU and hospital staff officially granted approval for conducting this study and collection of samples. The legal guardian of comatose patients gave both verbal and written consent.
Statistical analysis: Microsoft Office Excel and SPSS 2010 software's statistical capabilities were employed in this investigation. ANOVA, chi square analysis, and the student's test were utilized to assess data that were statistically different. Results with a P value < 0.05 are deemed statistically significant, and P values < 0.01 indicate larger significant differences. The relationship between the parameters was ascertained using the Pearson correlation coefficient.

Results :	
The study included a thirty two comatose patients aged between 15 and 54 years of age of both sexes with female accounting for about 34% of the tested patients and the remaining 66% were males Figure(1). 

Figure (1) : Study population according to sex 
The results of the study show that male patients between the ages of 15 and 34 made up a significant portion of the study's patient population. These patients also experienced extended unconscious periods. Table (1) displays the average length of coma for each patient group in order to clearly illustrate the correlation between age, sex, and coma duration.    
 Table (1): The average of period of coma according to Age and sex
	 
P value
	Male 
	Female 
	Age range

	
	Mean days of coma
	No.
	Mean days of coma
	No.
	

	>0.05
	13
	7
	24
	3
	15-24

	
	15
	7
	27
	2
	25-34

	
	24
	5
	22
	3
	35-44

	
	16
	2
	27
	3
	45-54

	
	
	21
	
	11
	Total



The results of the study indicate that the cause of brain injury plays a significant role in determining the course of the coma . Anoxia resulting from various causes, such as a hanging suicide attempt or cardiac arrest, has the worst results when compared to other causes, such as blunt brain injuries from car accidents or other traumas that only affect a small area of the brain, which have been shown to have a higher recovery rate after a comparatively short coma period. Table (2) 
Table (2): The average days of coma according to cause of the brain injury
	P value
	AVERAGE DAYS OF COMA
	NO.
	CAUSE OF COMA

	<0.01
	29
	2
	ANOXIA

	
	22
	3
	CARDIAC ARREST

	
	27
	3
	ELECTRICAL SHOCK

	
	17
	24
	RTA



It is noteworthy that a majority of the patients who died, roughly 71.43% of all the deaths were involved in road traffic accidents (RTA). RTAs were responsible for 75% of the brain traumatic injuries sustained by the study's comatose participants. Remarkably, these individuals recovered at a faster pace than others whose injuries were the result of other causes Figure(2).

Figure (2): Coma outcome according to the cause of the brain injury.

The results of the study showed that young adults between the ages of 15 and 34 made up a significant number of the patients who successfully regained consciousness. The largest percentage of people in this age range reported a successful recovery in terms of consciousness restoration.  Table (3).
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Table (3):The outcome of the coma according to age group


	P value 
	72hr.
	48hr.
	Parameter

	<0.05
	38.05±12.32
	34.88±13.56
	NSE (in ng/ml)

	<0.01
	1.77±0.25
	1.99±0.19
	Mg (in mg/dl)

	>0.05
	141.94±4.88
	142±4.45
	Na (in mg/dl)

	<0.01
	9.44±0.52
	9.09±0.51
	Ca (in mg/dl)

	<0.01
	3.93±0.36
	4.54±0.53
	K  ( in mg/dl)




The biochemical characteristics assessed in blood samples obtained 48 and 72 hours after the coma had set in . There was a statistically significant difference between the two time points. Between 48 and 72 hours, there were significant increase in NSE and Calcium (Ca+)  levels , on the other hand  Magnesium (Mg+) and Potassium (K) levels showed a significant decrease. No significant changes observed in Sodium (Na+)  levels .Table (4).
	Death
	Vegetative State (VS)
	Minimally  Conscious State (MCS)
	Regain Consciousness 
	Age Range

	 
	2
	 
	8
	15-24

	1
	1
	 
	7
	25-34

	3
	 
	2
	3
	35-44

	3
	 
	1
	1
	45-54



Table (4):The Biochemical Parameters According To The Time Of Sampling 
The tested biochemical parameters showed a statistically significant correlation with the duration and the outcome of the coma Figure (3). NSE showed a positive correlation to coma period and showed its increase correlated positively with poor outcome of coma , suggesting sever brain injury. On the other hand the levels of Mg+ and Ca+ showed a significantly  high negative correlation with coma period . Potassium showed no statistically significant effect on the duration of coma, yet the mortality rate correlated to low levels of potassium. The study found that patients with a Glasgow Coma (GC) score of five or less had less favorable outcomes. Additionally, their coma lasted longer, and regrettably, they were unable to get out of it. They consequently either died or stayed in a vegetative condition.


Figure (3): Correlation  between the tested parameters and coma period at different points of time
Discussion :
Comatose states are a complicated neurological disorder that are frequently linked to a series of metabolic changes[16]. The study showed an observable difference in coma duration between males and female with the later had a comparatively long periods , indicating a gender factor that could be involved , a similar observation was made by Eom KS. et al.[17] that were a significant differences between the genders regarding TBI , age , and the history related to the brain injury. The Y chromosome genes determines gender, and sex chromosomes determine the structural differences between men and women. The sex chromosome is the source of the fundamental difference between male and female [18,19]. Humans are physically split into men and women by a number of obscure processes. There are no discernible structural differences between the male and female brains. Nonetheless, earlier research has shown that there are very slight variations in the weight and some fine structures of the human brain between the sexes [20,21]. These results are in line with previous studies that showed women fare worse clinically than men [22,23].
Also  changes in electrolyte levels contribute to the intricate patho-physiology of coma. Neuron-specific enolase (NSE) stands out as an important biomarker representing neuronal injure[24]. Key insights into the basic causes and prognosis of comatose patients can be gained by comprehending the dynamics of NSE and electrolyte variations, including those of calcium, magnesium, and potassium.Neuron-specific enolase, a glycolytic enzyme mainly found in neurons and neuro-endocrine cells, has garnered huge attention as a biomarker indicative of neuronal damage or dysfunction. Elevated levels of NSE in serum or cerebrospinal fluid associate with a range of neurological insults, including traumatic brain injury, ischemic stroke, and hypoxic-ischemic encephalopathy. In comatose patients, persistent rise of NSE past the acute phase suggests ongoing neuronal injury or delayed neuro-degeneration, thereby serving as a prognostic marker for long-term neurological outcomes[25]. Calcium plays a pivotal role in neuronal excitability, synaptic conduction, and cell signaling[26]. In coma, dys-regulation of calcium homeostasis reflects the obstruction of these elemental processes. Our study  confirmed a consistent pattern of calcium elevation in the serum of comatose patients, mainly peaking around the third day post-onset. This late increase in calcium levels probably stems from several factors, including excito-toxicity, release of intracellular calcium stores as suggested by Kristián T et al[27]. As Calcium have a major role in controlling the nerve function and excitability , it is safe to deduce that the surge in calcium concentration exacerbates neuronal injury and contributes to secondary brain damage, thereby influencing the clinical course and outcome of coma, yet that wasn’t the case regarding the majority of our studied patients , whose coma duration  showed negative correlation with calcium levels; which in line with Li,T. et al[28] that also suggested low levels associated with worse outcomes.
 Because it coordinates and regulates processes for synaptic plasticity and neuronal excitation, calcium is essential for neuronal function. The concentration of calcium at rest is strictly controlled; calcium enters the cell and is absorbed into the mitochondria and endoplasmic reticulum, where it is buffered. The calcium-ATPase in the plasma membrane expels the residual calcium, bringing the levels of cytoplasmic calcium back to baseline. In response to neuronal activity, cytoplasmic calcium increases several times, triggering signaling pathways that control the expression of proteins required for neuronal excitation[29].
The study showed that Magnesium and potassium levels steadily declined in comatose patients. A decline that have a considerable complications include neural hyperexcitability, vascular malfunction, and mitochondrial damage may result from this. Hypokalemia can worsen neuromuscular dysfunction and neuronal hyperexcitability. Hypomagnesaemia showed a significant negative correlation with the duration and the outcome of coma; which in some way in disagreement with a previous study by Mekkodathil, A. et al.[30] that showed hypermagnesemia positively correlated with mortality rate. 
Conclusion:
NSE increase, calcium surge, and electrolyte imbalance are indicative of a complicated interplay between brain damage, calcium control, and systemic homeostasis in coma patients. Calcium monitoring of supplementation could have more favorable neurological  effect , more investigation is needed to comprehend the mechanisms underlying these neurochemical changes.
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