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Xylazine is used in veterinary medicine as a sedative, analgesic, and muscle relaxant. However, in recent decades, it has frequently been detected in illicit drugs. Xylazine poisoning is characterized by depression of the central nervous and cardiovascular systems. Herein, we present a case of a 41-year-old man who not only had severe depression of the central nervous and cardiovascular systems, but also developed hyperpyrexia during the treatment of xylazine poisoning, which led to his death 3 days after poisoning. This case indicates that, in addition to its other effects, xylazine may also cause hyperthermia, which has not yet been reported in humans.
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1 INTRODUCTION
Xylazine, chemical formula C12H16N2S, is a 1,3-thiazide that is structurally similar to phenothiazine (1,4-thiazide) and tricyclic antidepressants. Pharmacologically similar to clonidine, xylazine was originally investigated for the treatment of hypertension; however, it was not clinically approved owing to substantial inhibition of the central nervous and cardiovascular systems (Gupta et al., 2023). Subsequently, it has been used as a veterinary sedative, analgesic, and muscle relaxant (Gupta et al., 2023). However, in 2001, xylazine emerged as a popular illicit drug additive in Puerto Rico (Reyes et al., 2012). In the mid-2010s, it began to spread rapidly across the U.S. drug market, expanding from its initial location in the Northeast to the Rust Belt, South, and West (Zhu, 2023). By 2023, the first death associated with xylazine use was reported in Europe (Rock et al., 2023). Herein, we report a Chinese patient who suffered severe depression of the central nervous and cardiovascular systems, developed hyperthermia during treatment, and subsequently died following xylazine overdose.
2 CASE DESCRIPTION
A 41-year-old man was transferred to the Poisoning Department of our hospital on 1 June 2022. The patient’s mother reported finding him unconscious at 11 a.m. on that day, with syringes and xylazine ampules beside him (Figure 1). The patient had a history of diabetes mellitus and depression. On admission, body temperature was 36.8°C; heart rate, 78 beats per minute; respiratory rate, 19 breaths per minute; blood pressure, 110/82 mmHg; and Glasgow coma scale score, 2-1–5, 8. The patient had recently lost weight and was uncooperative during the examination. Physical examination revealed multiple ulcerated scars on the right arm and the anterior and medial skin of both legs (Figure 2). The pupils were constricted to 1.5 mm in diameter, equally round, and reactive to light, with sluggish light reflexes. Auscultation of the lungs revealed no moist rales. Initial blood biochemical test results are shown in Table 1. Treatment was initiated immediately and included torsemide (20 mg twice daily), alanyl-glutamine (10 g daily), nalmefene hydrochloride injection (0.1 mg twice daily), insulin, and nutritional support. The family refused blood purification. Subsequently, the patient developed hypotension, and norepinephrine was administered to maintain blood pressure. Approximately 44 h after poisoning, the patient became diaphoretic and febrile up to 39°C. Oxyhemoglobin saturation fell to 68%, and oxygen was administered at 10 L/min by facemask. The heart and respiratory rates increased to 131 beats per minute and 38 breaths per minute, respectively. Blood gas analysis showed a pH of 7.27; PO2, 38 mmHg; PCO2, 56 mmHg; K+, 3.4 mmol/L; and glucose, 5.1 mmol/L. Therefore, the trachea was intubated and mechanical ventilation was initiated (volume-synchronized intermittent mandatory ventilation mode). Blood cultures were prepared, and flucloxacillin was empirically administered. Rehydration and physical cooling were ineffective. Inflammatory factor levels were as follows: interleukin (IL)-2 receptor, 836 U/mL (reference range, 223–710 U/mL); IL-6, 31.00 pg/mL (reference range, 0–5.9 pg/mL); IL-10, 17.90 pg/mL (reference range, 0–9.1 pg/mL); tumor necrosis factor-α, 8.4 pg/mL (reference value, 0–8.1 pg/mL); and IL-1β and IL-8, within normal limits. Blood gas analysis revealed a pH of 7.33; PO2, 89 mmHg; PCO2, 33 mmHg; K+, 5.7 mmol/L; lactate, 1.5 mmol/L; and base excess, −7.5 mmol/L. Body temperature remained at approximately 38.6°C after intravenous infusion of 8 mg betamethasone.
[image: Figure 1]FIGURE 1 | Xylazine ampule discovered beside the patient.
[image: Figure 2]FIGURE 2 | Multiple ulcerated scars on the right arm and the anterior and medial skin of both legs.
TABLE 1 | Biochemical blood test results.
[image: Table 1]On the third day, the patient’s body temperature was 41°C; heart rate, 140 beats per minute; and blood pressure, 90/70 mmHg. He remained febrile despite application of a cooling blanket, and empiric moxifloxacin and flucloxacillin were administered. The patient’s temperature peaked at 41.2°C, and he died of hyperpyrexia. The blood culture later showed no aerobic or anaerobic bacteria.
3 DISCUSSION
Xylazine, an α-2 adrenoceptor agonist, reduces the release of norepinephrine and dopamine from the central nervous system, resulting in sedative, neuromuscular, and analgesic effects. The mechanism of action may also involve H2-histaminergic, serotonergic, dopaminergic, and opioid receptors (Kitzman et al., 1982; Capraro et al., 2001; Hoffmann et al., 2001; Moore et al., 2003). The route of xylazine poisoning is usually intravenous, intramuscular, or subcutaneous injection; however, oral, ocular, and inhalational exposures occur. In the case of overdose, the patient presents with hyperglycemia and central nervous system, respiratory, and cardiovascular depression symptoms such as vertigo, disturbance of consciousness, and hypotension (Capraro et al., 2001; Hoffmann et al., 2001; Elejalde et al., 2003; Velez et al., 2006; Ball et al., 2022). Long-term use can cause skin ulcers, drug dependence, and physical decline (Ruiz-Colón et al., 2014; Mulders et al., 2016). Xylazine is metabolized by hepatic cytochrome P450 and primarily eliminated by the kidneys (Hoffmann et al., 2001). The effects of xylazine in animals generally last 4 h; however, in reported human overdoses, the duration of effects can be 8–72 h (Velez et al., 2006).
Our patient presented with disturbance of consciousness and hypotension, with sweating and temperatures as high as 39°C occurring approximately 44 h after poisoning. Owing to fever, we first considered infection; the patient’s procalcitonin level was normal on admission but increased with an increase in body temperature, and sepsis and a moderate systemic inflammatory response were suspected (Wanqing et al., 2019). At the time of fever, the patient’s IL-6 level was 31.00 pg/mL, indicating the presence of mild inflammation or infection (Feng et al., 2016). However, anti-infection, rehydration, and antipyretic treatments were ineffective; despite administering betamethasone (8 mg), the body temperature remained high. Subsequently, we intensified the anti-infective therapy with moxifloxacin, but the temperature continued to rise. The patient died 1 day later after reaching a temperature of 41.2°C.
Inflammation was not severe at the time of fever, and difficulties in controlling the body temperature with antibiotics and glucocorticoids forced us to consider alternative causes. Malignant hyperthermia (MH) is a clinical syndrome with autosomal dominant inheritance as the main mode of inheritance. Its typical clinical manifestations mostly occur after the application of volatile inhalation anesthetics, such as halflurane, isoflurane, and/or succinylcholine (Kaur et al., 2019). Clinically, patients with paroxysmal MH are characterized by a sharp increase in core body temperature and severe acidosis, which may further develop into rhabdomyolysis (Kaur et al., 2019). However, in our case, creatine kinase levels were within the normal range, and there was no generalized muscle rigidity, indicating that xylazine-induced MH was unlikely. Because the body temperature of certain animals increases after xylazine administration (Hopkins, 1972), we believe that xylazine toxicity cannot be ruled out as a cause of the high fever in this case. How xylazine causes hyperthermia is unknown; however, its pharmacological analog, clonidine, impairs thermoregulation in guinea pigs (Cavia porcellus) by stimulating preoptic area prostaglandin E2 release (Feleder et al., 2004). This release promotes central thermogenesis, increasing body heat production. Additionally, α-2 adrenergic agonists also promote peripheral vasoconstriction (Maze and Tranquilli, 1991) and prevent excessive body surface heat loss (Flavahan, 1991). Regarding the delayed presentation of hyperpyrexia, Feleder et al. (Feleder et al., 2004) reported that Clonidine induced a gradual, significant decrease in the core temperature (Tc) in guinea pigs, followed by a rapid, significant increase. Unfortunately, computed tomography, genetic testing, and other ancillary studies were not performed after fever onset because the patient’s family did not provide consent.
With no available antidote for xylazine poisoning, symptomatic and supportive treatment remains a priority, with maintenance of respiratory function and blood pressure as the main goals. Although α-adrenergic antagonists such as phentolamine, yohimbine, and metazoline have been proposed as antidotes, they have not been tested in humans (Capraro et al., 2001; Elejalde et al., 2003). The substantial predicted volume of distribution implies that hemodialysis would not effectively enhance elimination. As the stomach is also involved in the metabolism of xylazine (Hoffmann et al., 2001), gastric lavage may represent an important detoxification measure.
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