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Case Report: Reduced CSF Orexin Levels in a Patient With Sepsis
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Sepsis is a potentially lethal condition characterized by systemic inflammation and multiple organ failure, and sepsis-associated encephalopathy (SAE) is an independent risk factor for mortality in patients with sepsis. We previously reported that orexin improved survival in an animal model of sepsis by acting in the brain. Peripherally administered orexin entered the brain under the conditions of systemic inflammation because of BBB dysfunction and produced survival-related effects. As a therapeutic concept, we hypothesized that orexin treatment enhances recovery from sepsis by restoring reduced orexin levels in cerebrospinal fluid (CSF). Here, we report that CSF orexin levels were reduced in a 63-year-old woman with sepsis. The patient presented with coma, fever, headache, vomiting, and seizures upon arrival at the emergency room. She had a history of subarachnoid hemorrhage which led to the development of hydrocephalus, and as a consequence, a ventriculoperitoneal shunt (VP shunt) tube had been installed to ameliorate the complication. Physical examinations showed dehydration and abnormality of circulation, arterial blood gas analysis showed insufficient oxygenation, blood tests showed an inflammatory response, liver injury, kidney injury, hyperkalemia, and hyperglycemia, and radio graphical examinations showed mild hydrocephalus and several old microinfarctions. She was diagnosed with sepsis because her Sequential Organ Failure Assessment (SOFA) score was 13 and Enterococcus faecalis was isolated form her blood and CSF. Status epilepticus, hyperglycemia, and sepsis-associated encephalopathy were considered possible causes of coma. Her CSF could be safely sampled because she had a VP shunt, although it is ethically difficult to sample CSF routinely from patients with sepsis. Reduced CSF orexin levels gradually recovered as she recovered from sepsis. Unexpectedly, orexin was detected in the blood, which is unusual in healthy humans. Blood orexin was not detected after recovery from sepsis. This result may imply that orexin leaks into the blood because of BBB dysfunction. To the best of our knowledge, this is the first report investigating orexin levels in the CSF and blood of a patient with sepsis, and the data obtained from this case may provide a new understanding of the pathophysiology of SAE.
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INTRODUCTION

Sepsis was first defined in 1993 as systemic inflammatory response syndrome (SIRS) due to infection, which is the initial condition in the pathophysiology of sepsis (Cohen, 1993; Young et al., 1993); sepsis was recently redefined as life-threatening organ dysfunction caused by a dysregulated host response to infection and is clinically correlated with mortality (Singer et al., 2016). As noted in these definitions, the pathophysiology of sepsis is characterized by systemic inflammation and subsequent multiple organ failure (Cohen, 2002), but the cellular and molecular mechanisms are very complex, and effective therapies based on the pathophysiology of sepsis are not yet available (Angus and van der Poll, 2013). Systemic inflammation damages not only the peripheral organs (e.g., lung, kidney, and heart) but also the central nervous system (CNS), which is called sepsis-associated encephalopathy (SAE). According to previous reports, blood-brain barrier (BBB) dysfunction plays a primary role in the pathophysiology of SAE. SAE is recognized as an independent risk factor for mortality in patients with sepsis and for prolonged cognitive impairment in patients who survive sepsis (Widmann and Heneka, 2014). Therefore, the CNS can be a novel therapeutic target for sepsis. However, the pathophysiology of SAE is not yet well understood.

The hypothalamic neuropeptide orexin regulates wakefulness/sleep by working in the brain; orexin deficiency causes narcolepsy, a sleep disorder (Sakurai, 2007). In healthy humans, orexin can be detected (range 250–500 pg/ml) in cerebrospinal fluid (CSF), but it is generally not detected (<40 pg/ml) in blood by a standard orexin radioimmunoassay, which is used for the diagnosis of narcolepsy, because it cannot cross the BBB. By using a novel specific and sensitive orexin radioimmunoassay, blood orexin can be detected at very low levels (range 0.5–16 pg/ml), but it does not correlate with the wake/sleep cycle (Makela et al., 2018). Surprisingly, we previously reported that orexin improved survival in mice with endotoxin shock, a well-studied animal model of sepsis, by acting in the brain (Ogawa et al., 2016), indicating that orexin may be involved in the pathophysiology of SAE and be a new agent in targeting the CNS for the treatment of sepsis. Interestingly, even peripherally administered orexin entered the brain under systemic inflammation because of BBB dysfunction and produced survival-related effects in mice with endotoxin shock (Ogawa et al., 2016). As the mechanism of action, we showed that orexin inhibited the excess inflammatory response and ameliorated hypothermia and bradycardia in mice with endotoxin shock by regulating the neuroendocrine and autonomic nervous systems under CNS control (Ogawa et al., 2016). Although the therapeutic concept remains unclear, we hypothesize that orexin treatment enhances recovery from sepsis by restoring reduced orexin levels in the CSF. However, CSF orexin levels in patients with sepsis have never been reported. Here, we report orexin levels in the CSF and blood of a patient with sepsis on the day of admission to the intensive care unit (ICU), 2 days after admission, on the day of transfer from the ICU to the general ward (GW), and 1 week after antibiotic treatment completion.

A 63-year-old woman presented with coma, fever, headache, vomiting, and seizures upon arrival at the emergency room. Initially, her quick Sequential Organ Failure Assessment (qSOFA) score was three (systolic blood pressure: 94 mmHg, respiratory rate: 24/min, Glasgow Coma Scale (GCS) score: six), according to the Sepsis-3 criteria (Table 1). Physical examinations showed coldness of limbs and dryness of skin and mouth but not trauma, abnormality of skin, nuchal rigidity, pupil abnormality, or paralysis of limbs. However, detailed neurological examinations could not be performed because of coma. The patient had a history of subarachnoid hemorrhage. A ventriculoperitoneal shunt (VP shunt) tube was installed over 20 years prior to the present episode to alleviate hydrocephalus which occurred as a complication of subarachnoid hemorrhage but had been non-functional for at least 10 years because of tube breakage. The patient was on an antihypertensive medication. After sampling her blood and CSF, we started an intravenous infusion of crystalloid solution (2400 ml/day) and norepinephrine (0.15 μg/kg/min), oxygen administration (6 L/min via mask), antibiotic treatment (ceftriaxone), and antiepileptic treatment (levetiracetam). CSF samples were collected from the VP shunt tube. Arterial blood gas analysis showed insufficient oxygenation (PaO2:78.4 mmHg under conditions of oxygen administration at 6 L/min via mask, PaO2-FiO2 ratio: 156.8, lactate: 1.1 mmol/L). Blood tests showed an inflammatory response (white blood cell count: 24,800 cells/μl, C-reactive protein: 12.5 mg/dl), liver injury (total bilirubin: 1.6 mg/dl), kidney injury (creatinine: 4.8 mg/dl), hyperkalemia (K: 6.3 mEq/L), and hyperglycemia (glucose: 551 mg/dl), but coagulation was normal (platelets: 255 × 103/μl, prothrombin time ratio: 1.1, antithrombin activation: 102%). CSF tests showed that the total protein level was elevated (Table 2). Chest X-ray images showed mild pulmonary edema but not pneumonia. Brain computed tomography (CT) showed mild hydrocephalus and a broken VP shunt tube but not intracranial hemorrhage or mass lesions. Brain magnetic resonance imaging (MRI) showed several old microinfarctions but not acute infarction or inflammation. Her SOFA score was 13, and she was admitted to the ICU with a diagnosis of sepsis, according to the Sepsis-3 criteria. Enterococcus faecalis was isolated from her blood and CSF, but not her sputum or urine sampled on the day of admission. The focus of infection could not be identified. Status epilepticus, hyperglycemia, and sepsis-associated encephalopathy were considered possible causes of coma. After starting an antiepileptic drug, seizures did not present during her hospital stay. We started glycemic control with insulin after admission. Her blood glucose was successfully controlled 4 days after initiating insulin. No pathogenic microbes were isolated from her blood and CSF sampled 2 days after admission. Her body temperature returned to normal 4 days after admission. 6 days after admission, she was transferred to the GW because her level of consciousness returned to nearly normal and her vital signs stabilized without oxygen administration or intravenous infusion. Antibiotic treatment was completed in 2 weeks. 40 days after admission, she was transferred to a rehabilitation hospital to increase her ability to perform activities of daily living.


Table 1. Orexin levels, treatment, and clinical data.
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Table 2. Laboratory data.
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We obtained written informed consent to publish this case report from the patient and next of kin. We measured orexin levels using an orexin radioimmunoassay (Phoenix Pharmaceuticals, Burlingame, CA, USA), which is a standard method for the diagnosis of narcolepsy, at the International Institute for Integrated Sleep Medicine (WPI-IIIS), University of Tsukuba; this center regularly measures orexin levels to diagnose narcolepsy. In healthy humans, CSF orexin levels are detectable by this assay (normal range 250–500 pg/ml), but blood orexin levels are generally below the detection limit (<40 pg/ml) (Makela et al., 2018). In patients with type 1 narcolepsy, CSF orexin levels are <100 pg/ml. In patients with certain pathological conditions of the CNS (e.g., intracranial hemorrhage, head trauma, and Guillain-Barre syndrome), CSF orexin levels are moderately low (range 100–200 pg/ml) (Ripley et al., 2001). As expected, the patient's CSF orexin levels were moderately low (187.3 pg/ml) 2 days after admission but gradually recovered as she recovered from sepsis. CSF orexin level was normal (285.2 pg/ml) 1 week after antibiotic treatment had been completed (Table 1). Unexpectedly, orexin was detected in the blood, although the levels were very low, from the day of ICU admission to the day of transfer to the GW. Blood orexin was not detected 1 week after antibiotic treatment completion (Table 1).



DISCUSSION

This case showed that the recovery of reduced CSF orexin levels due to systemic inflammation was correlated with recovery from sepsis, supporting the hypothesis that orexin treatment can enhance recovery from sepsis by restoring reduced CSF orexin levels. The detected blood orexin levels were very low and challenging to interpret but may imply that orexin leaks from the CSF into the blood because of BBB dysfunction. Reduced CSF orexin levels could be predicted by the abnormal detection of blood orexin. Further investigations are needed to validate the observations made in this case.

This is the first report investigating orexin levels in the CSF and blood of a patient with sepsis. It is not ethically acceptable in Japan to sample CSF routinely from patients with sepsis by lumbar puncture because it is an invasive medical procedure and can induce meningitis in patients with bacteremia (Teele et al., 1981). Fortunately, we could safely collect CSF samples because the patient had a VP shunt tube. Therefore, the data obtained from this case are rare and provide a new understanding of the pathophysiology of sepsis focused on the dynamics of orexin. On the other hand, as a limitation in this study, the non-functional VP shunt might have affected the patient's orexin levels. The orexin levels returned to normal after recovery from sepsis. Therefore, the impact of the VP shunt on orexin levels might be small, at least under normal conditions. However, we could not completely demonstrate that the VP shunt was not a focus of infection because bacteria were detected in the CSF, although we did not obtain proof of infection in the VP shunt by radio graphical examinations. Additionally, we could not measure the CSF orexin level on the admission day because the CSF sample had already been used for diagnosis and was not stored. However, we showed that the CSF orexin level was clinically low 2 days after admission. Now, we are analyzing the CSF orexin levels on the admission day in patients who were admitted to the Department of Neurology, where lumbar puncture is routinely performed during hospitalization, and finally diagnosed with sepsis.
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