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Abstract

:

The effects of status epilepticus on the orexin/hypocretin system have yet to be investigated. The present study aimed to assay orexin-A/hypocretin-1 in the cerebrospinal fluid (CSF) of patients after generalized convulsive status epilepticus (GCSE). The study groups included 20 GCSE patients, 24 patients diagnosed with epilepsy but remaining in remission (ER), and 25 normal controls (CTR). Diagnostic lumbar puncture was performed in GCSE patients within 3–10 days of seizure cessation, as well as in the ER and to CTR subjects. Among all GCSE patients, the outcome was graded according to the modified Rankin Scale (mRS) at 1-month follow-up. Orexin-A levels were measured in unextracted CSF samples, using a commercial radioimmunoassay. There was a significant overall difference in median CSF orexin-A concentrations between GCSE, RE, and CTR patients (p < 0.001). The lowest concentrations were noted in the GCSE group compared to ER (p < 0.001) or CTR (p < 0.001). CSF orexin-A levels in GCSE patients inversely correlated with clinical outcome as assessed on the mRS at 1-month follow-up (r = −0.55; p = 0.1). In conclusion, CSF orexin-A levels may serve as a biomarker of increased turn-over of the peptide or post-SE neuronal damage, and implicates the orexin system in the pathogenesis of SE.
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1. Introduction


Generalized convulsive status epilepticus is a medical emergency with a complex pathophysiology. A number of systemic changes related to ongoing seizure activity have been identified in detail, while the molecular scenario in the central nervous system is only partly understood. The fundamental principle involves the failure of endogenous mechanisms to terminate a seizure. This failure can occur because of excessive abnormal excitation or from a loss of endogenous inhibitory mechanisms. These maladaptive changes allow a single seizure to transform into status epilepticus and contribute to the self-perpetuating nature and pharmaco-resistance of the disorder [1].



The orexin system (also known as the hypocretin system) has received a great deal of attention due to its multiple physiological activities, mainly related to the control of the wake/sleep cycle [2]. There is also accumulating evidence that it can be very important in the context of epilepsy [3]. Experimental studies have reported pro-convulsant activity of orexin and other orexin receptor agonists [4,5], while antagonists were potent inhibitors of seizures in different rodent models [6,7,8]. Previously, we reported lowered concentrations of orexin-A cerebrospinal fluid in patients suffering from repetitive generalized seizures [9]. This finding might suggest that orexin-A could serve as a biomarker in patients suffering from uncontrolled prolonged seizures.



The current study focused on orexin-A concentrations in patients with generalized convulsive status epilepticus in relation to clinical outcomes, in order to shed more light on the complex pathophysiology of status epilepticus (SE) and the orexin system involvement.




2. Materials and Methods


2.1. Patients


The study protocol was approved by the local ethics committee. This was a prospective study conducted at the Department of Neurology of the Medical University of Lublin, which is a tertiary center for a region with a population of about 2.1 million. Informed consent for participation in the study was obtained from each subject (or from the next of kin if the patient was incapable).



The study groups included patients suffering from generalized tonic-clonic status epilepticus, patients diagnosed with epilepsy but remaining in remission, and normal controls.



SE was defined according to the ILAE proposal as a condition resulting either from the failure of the mechanisms responsible for seizure termination or from the initiation of mechanisms that lead to abnormally prolonged seizures (after time point t 1 = 5 min). It is a condition that can have long-term consequences (after time point t 2 = 30 min), including neuronal death, neuronal injury, and alteration of neuronal networks, depending on the type and duration of seizures [10].



On admission to the emergency ward, the patients were subjected to a standard diagnostic workup, including neurological examination, blood biochemical assessment, and CT scan. Subsequently, the patients were admitted to a hospital neurological ward for further evaluation.



Treatments: Each SE patient was treated in accordance with our internal protocols according to national guidelines for SE [11]. Intravenous diazepam was administered as a first-line antiepileptic drug (AED) with a dose not exceeding 30 mg (range 5–30 mg). In non-responders, the patients were admitted to NICU (Neurological Intensive Care Unit) and were treated with second-line intravenous valproic acid or phenytoin followed by anesthetic drugs—a third-line option in cases of refractoriness. All SE patients had intensive monitoring, including laboratory assessment and EEG (electroencephalographic) recordings. In addition, cerebrospinal fluid (CSF) examination was part of the diagnostic workup in order to exclude infectious or inflammatory causes of SE, and it was performed after seizure cessation.



Outcome assessment: The severity of the disease and its consequences were assessed using the modified Rankin Scale (mRS) [12]. On the day of discharge, all patients underwent a neurologic examination performed by a neurologist, and the outcome was graded according to the modified Rankin Scale. In those who survived, a good outcome was defined as an mRS score 0–2 and a poor outcome as an mRS score 3–5, while a score of 6 was assigned to those who died.



In addition, patients diagnosed with epilepsy but remaining in remission (ER) (defined as the absence of seizures for at least 3 months prior to inclusion in the study), who were admitted in order to clarify their disease status, were included. The control group consisted of subjects without any diagnosed organic neurological disease.



Patients had brain imaging with MRI and lumbar puncture as standard diagnostic evaluation techniques.




2.2. Biochemical Analysis


Lumbar puncture was performed within 48 h of generalized tonic-clonic seizure (GTCS) cessation (range: 5–48 h) in SE patients. For both patients and controls, CSF sampling was performed between the hours of 7 a.m. and 5 p.m., and the samples were immediately frozen and stored at −80 °C until analysis.



Orexin-A levels were measured in unextracted samples, using a standardized radioimmunoassay (Phoenix Pharmaceuticals, Inc., Phoenix Europe GmbH, Karlsruhe, Germany) with a detection limit of 100 pg/mL as described previously [13]. Investigators conducting orexin-A assays were blinded for clinical information on the patients.




2.3. Statistical Analysis


Comparisons between unpaired non-parametric groups were made using non-parametric tests (Kruskal–Wallis ANOVA and Mann–Whitney U-test for the post-hoc testing). The linear relation between parameters was assessed by the Spearman rank correlation coefficient (r). The calculations were performed with GraphPad InStat 3.05 software (GraphPad Software, Inc. San Diego, CA, USA). The data for orexin-A concentrations are presented as medians and range throughout the manuscript.





3. Results


3.1. Demographics and Clinical Characteristics


We recruited 20 patients with generalized convulsive status epilepticus (GCSE) and 24 with epilepsy in remission. The control group consisted of 10 subjects experiencing non-specific clinical symptoms, and 15 patients with long-lasting headaches, which at discharge after exclusion of other causes were finally classified as tension-type headaches.



The demographic and clinical characteristics of the study groups are presented in Table 1 and Table 2. There were no significant differences with regard to age and gender between the subjects from the three groups.



Among the epilepsy patients in remission (n = 24), all had focal onset seizures in their histories (15 from temporal and 9 from frontal lobe), and all received treatment with stable doses for the last 3 months prior to admission (19 on monotherapy and 5 on duotherapy). The majority of the patients had unknown etiology of epilepsy, while only four had remote structural cortical damage of ischemic origin. In the GCSE group, there were 13 patients with a previous diagnosis of epilepsy (7 with remote structural etiology) who stopped treatment and 6 with unknown etiology. Table 2 presents further characteristics of the patients with GCSE. Seven patients with GCSE had new onset of SE of unknown etiology. The median duration of SE was 8 h [range 1–9], and the seizures were stopped by the escalation of treatment, with 25% of patients requiring intravenous anesthetics. Fifteen patients (75%) returned to normal independent functioning at discharge, while five patients had poor outcome as assessed at the 3-month follow-up. Three patients did not regain consciousness despite seizure cessation on EEG monitoring, of whom one patient died and two patients had severe disability with cognitive and behavioral deficits.




3.2. Biochemical and Clinical Outcomes


Basic CSF examination revealed no significant pathological changes in any study subjects. There was a significant, overall difference in median CSF orexin-A concentrations between controls (314.1 pg/mL [234.4–379.1]), epileptic patients in remission (305.6 pg/mL [203.4–450.5]), and GCSE patients (194.3 pg/mL [105.8–248.1]; p < 0.001). Then, post-hoc comparisons between groups were performed. As presented in Figure 1, the lowest levels were in the GCSE patients as compared with ER (p < 0.001) and control patients (p < 0.001). There was no statistically significant difference between the ER and control groups (p > 0.05).



Eleven patients out of twenty (55%) in the GCSE group had orexin-A levels below the cut-off value of 200 pg/mL, which represents intermediate, low narcolepsy concentrations, previously established using the same assay [13].



There was no significant correlation between CSF orexin-A concentration and the time elapsed between seizure cessation and the lumbar puncture (p > 0.05) in the GCSE group. The duration of SE tended to inversely correlate with the orexin-A levels as measured after SE cessation (r = −0.42; p = 0.06). CSF orexin-A levels in GCSE patients were inversely correlated with clinical outcomes as assessed on mRS at 1-month follow-up (Spearman r = −0.55; p = 0.01).





4. Discussion


This was the first study to assess the CSF concentrations of orexin-A in patients suffering from GCSE. The results are consistent with our previous report on patients with repetitive seizures [9]. Now, we demonstrate that prolonged seizures may lead to lowered concentrations of orexin-A in cerebrospinal fluid as assessed 3–10 days after the seizure cessation. Interestingly, lower CSF orexin-A levels tended to inversely correlate with the duration of status epilepticus. Moreover, there was a negative correlation with clinical outcome measure, meaning that the lower the CSF orexin-A level post-SE, the worse the prognosis for the patient during the 1-month observation period. These results suggest that CSF orexin-A might be a useful prognostic biomarker for SE patients.



Indeed, there is accumulating evidence that the orexin system might be involved in the pathogenesis of epilepsy and status epilepticus. Early experimental studies demonstrated that orexins are excitatory peptides and regulate the wake-sleep cycle and other behavioral functions [14,15]. There was also a hint that orexins might be involved in epileptogenesis, since the application of OX-A (Orexin-A) to hippocampal slices modulated the balance between GABA-ergic (gamma-Aminobutyric acid) and glutamatergic neurotransmissions [16].



Another study has investigated a variation in orexin expression in the brains of rats after pilocarpine-induced status epilepticus (Pilo-SE) [17]. Interestingly, the expression of prepro-OX mRNA was found in the hippocampus, although it was 50-fold lower compared to the hypothalamus. The prepro-OX mRNA levels dramatically decreased in the hypothalamus, with the minimum being observed on day 1 with subsequent normalization on day 3 post-SE. The density of both OX-A and OX-B fibers in the hypothalamus decreased significantly at day 2 post-SE vs. controls, where labeling appeared to be disorganized. It culminated at day 4 post-SE, suggesting that alterations in the hypocretin-1 and hypocretin-2 systems may last for a long period of time following severe GTCS. However, the authors observed increased expression of orexin-B in the hippocampus within both neurons and astrocytes, which they associated with the process of SE-evoked epileptogenesis.



Another study evaluated the influence of SB 334867 (a selective OX1 receptor antagonist) and EMPA (a selective OX2 receptor antagonist) on seizure thresholds in mice [7]. The authors also determined the changes in the orexin-A level following different types of seizures. It was shown that blocking OX1 receptors suppressed seizures while concentrations of orexin-A were increased in homogenized brain tissue as measured immediately after SE. However, this provides a rather crude estimation of dynamic changes in neuropeptide concentrations during and after prolonged seizures. It remains to be studied whether orexin-A might initiate spontaneous seizures or if its increase in the brain tissue is a rather secondary event.



The apparent weakness of our study is that we were unable to assess the effects of different antiepileptic drugs on CSF orexin-A concentrations in our patients. Indeed, it is a potential confounding factor, especially considering benzodiazepines and barbiturates. However, based on the limited available evidence, there is no clear interaction between benzodiazepines and barbiturates and the orexin system [18,19].




5. Conclusions


We report decreased orexin-A levels in CSF in 3–10 days after spontaneous prolonged SE in human subjects. The findings could indicate CSF orexin-A levels may serve as a biomarker of increased turnover of the peptide and depletion from the hypothalamus, which could be implicated in the pathogenesis of SE. Orexin-A concentrations inversely correlated with clinical outcomes after SE, which seems to indicate that post-SE neuronal damage could be an important cause in this respect since it happens after acute brain injury [20,21].
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Figure 1. (A) Cerebrospinal fluid (CSF) orexin-A levels (pg/mL) in controls (CTR), epilepsy patients in remission (ER), and patients with generalized convulsive status epilepticus (GCSE) (GCSE vs. CTR, p < 0.001; GCSE vs. ER, p < 0.001; ER vs. CRT, p > 0.05); *** p < 0.001; n.s. = not significant. (B) Cerebrospinal fluid (CSF) orexin-A levels (pg/mL) correlated with modified Rankin Score (mRS) in patients with GCSE (Spearman, r = −0.55; p = 0.01). 
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Table 1. Study groups characteristics.
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	Characteristics
	CTR
	ER
	GCSE
	p-Value





	n
	25
	24
	20
	NA



	Age (median, range; years)
	43 (25–70)
	41 (26–73)
	46 (23–71)
	n.s.



	Gender (F/M)
	13–12 month
	14–10 month
	11–9 month
	n.s.



	Epilepsy diagnosis before admission (n, %)
	0 (0%)
	24 (100%)
	13 (65%)
	NA



	Duration since epilepsy diagnosis (median, range; years)
	n/A
	10 (2–15)
	5 (0–14])
	NA



	Etiology (n, %)
	
	
	
	



	-unknown
	n/A
	20 (83%)
	6 (46%)
	NA



	-structural
	n/A
	4 (17%)
	7 (54%)
	



	-other
	n/A
	0 (0%)
	0 (0%)
	







Abbreviations: n = no. of patients; CTR = controls; ER = epilepsy in remission; GCSE = generalized convulsive status epilepticus; F = female; M = male; n.s = not significant.
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Table 2. Status epilepticus patients’ characteristics.






Table 2. Status epilepticus patients’ characteristics.









	Characteristics
	GCSE Group





	n
	20



	SE duration (median, range, hours)
	8 (1–72)



	Time elapsed between CSF collection and SE cessation (days, median, range)
	3 (1–9)



	Treatments for GCSE
	



	-benzodiazepines
	20 (100%)



	-intravenous valproic acid
	13 (90%)



	-intravenous phenytoin
	5 (25%)



	-intravenous anesthetics
	5 (25%)



	Outcome at 3-month follow-up
	



	-good outcome (0–2 mRS)
	15 (75%)



	-poor outcome (3–5 mRS)
	4 (20%)



	-death (6 mRS)
	1 (5%)







Abbreviations: n = no. of patients; GCSE = generalized convulsive status epilepticus; CSF = cerebrospinal fluid; mRS = modified Rankin Scale.
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