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Acute myocardial necrosis caused by aconitine poisoning: A case report
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Abstract
BACKGROUND
Herbal medicine has a long history of use in the prevention and treatment of disease and is becoming increasingly popular globally. However, there are also widespread concerns about its safety. Among them, the cardiotoxicity of aconitine has been described.

CASE SUMMARY
We report a case of a 61-year-old male with aconitine poisoning presenting with malignant arrhythmia and severe cardiogenic shock, which was successfully managed with aggressive advanced life support and heart transplantation.

CONCLUSION
This is the first case wherein in vivo cardiac pathology was obtained, confirming that aconitine caused acute myocardial necrosis.
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Core Tip: Aconitine poisoning can cause severe cardiotoxicity. In this patient, aconitine poisoning led to life-threatening ventricular arrhythmia and cardiogenic shock, ultimately requiring a heart transplantation as a cure.

INTRODUCTION
Aconitine, a diester alkaloid with the chemical formula C34H47NO11, is the main toxic component present in plants such as Aconitum carmichaelii, Radix Aconiti kusnezoffii, and A. napellus. Aconitum, a traditional medical herb, is believed to have analgesic, anti-inflammatory, and circulatory enhancing effects[1,2]. However, it has been shown to have severe cardiotoxicity[3]. We report a case of aconitine poisoning presenting with life-threatening ventricular arrhythmia and cardiogenic shock requiring the assistance of ventilators, bedside blood purification device, extracorporeal membrane oxygenation (ECMO), and intra-aortic balloon pump (IABP) equipment. In this case, heart transplantation was required to save the life of the patient, and the in vivo cardiac pathology results indicated severe myocardial necrosis due to aconitine poisoning.

CASE PRESENTATION
Chief complaints
A 61-year-old male was admitted to the hospital due to dizziness and vomiting.

History of present illness
Five hours prior to arrival, he consumed about 40 mL of homemade herbal medicinal wine due to back pain. Approximately 10 min later, he developed dizziness and severe, non-projectile vomiting.

History of past illness
The patient had been in good health in the past.

Personal and family history
He had occasionally consumed homemade Chinese herbal medicinal wine for back pain in the past month, about 20 mL each time, according to the family.

Physical examination
On admission, the patient was unconscious, and the main artery pulse disappeared. The heart sound was not heard, and the blood pressure was 0 mmHg. 

Laboratory examinations
Liquid chromatography-tandem mass spectrometry showed blood and urine aconitine concentrations of 65.6 μg/mL and 1064.2 μg/mL, respectively.

Imaging examinations
Upon arrival at the hospital, a complete electrocardiogram (ECG) showed ventricular fibrillation (Figure 1), and cardiac arrest occured afterward.

FINAL DIAGNOSIS
Given the patient’s history and blood panel results, he was diagnosed with acute aconitine poisoning.

TREATMENT
The patient was treated with external electric defibrillation (200 J), chest compressions, endotracheal intubation, ventilator-assisted ventilation, and intravenous epinephrine. After 5 min, the patient’s heartbeat recovered, and the ECG showed rapid ventricular tachycardia (Figure 2). Amiodarone (150 mg) was slowly administered intravenously for 15 min, followed by a continuous infusion at 1 mg/min. Considering that the patient’s hypotension was refractory despite the high-dose norepinephrine (> 1 μg/kg/min) and that he had malignant arrhythmia and cardiogenic shock, adjuvant support therapy with venoarterial ECMO (VA-ECMO) was performed within 60 min of arrival at the hospital after obtaining consent from the patient’s family. After admission, acute neurological events were ruled out by complete head computed tomography, and acute coronary syndrome was ruled out by coronary angiography. On the same day, complete toxicologic analyses of the blood and urine were performed. Blood and urine aconitine concentrations were 65.6 μg/mL and 1064.2 μg/mL, respectively. Daily blood purification therapy was administered to the patient from days 1 to 4 of admission. After treatment, the blood aconitine concentration decreased to 0 μg/mL on day 4, and the urine aconitine concentration decreased to 0.8 μg/mL on day 11 (Table 1). Additionally, the patient was given glucocorticoids (methylprednisolone; 200 mg for 4 d, 120 mg for 3 d, 40 mg for 2 d), γ-globulin (20 g for 3 d), and symptomatic treatment such as bedside hemofiltration and maintenance of internal environment stability. An IABP was used for cardiac assistance on day 1 of admission, and a conventional dose of levosimendan therapy was initiated on day 5 and day 12. However, the patient’s cardiac function did not improve. Multiple cardiac ultrasound indicated left ventricular enlargement with severe diffuse hypokinesis of the left ventricular wall. On day 18 of admission, cardiac ultrasound revealed ejection fraction of 19.5% (Figure 3). The patient had difficulty in removing the ECMO and IABP. Hence, he underwent heart transplantation 21 d later. In vivo cardiac pathology suggested dilatation of the left ventricle, total necrosis of part of the left ventricular wall accompanied by hemorrhage, partial myocardial necrosis of the ventricular septum, hyperplasia of fibrous granulation tissue, and some infiltration of neutrophils, lymphocytes, plasma cells, and histocytes. Additionally, edema and degeneration of a few cardiomyocytes in the right ventricle were observed (Figure 4).

OUTCOME AND FOLLOW-UP
The patient was cured and discharged 3 wk after heart transplantation. The patient has been followed up for 1 year after discharge and has been in good living condition, with no obvious abnormalities on cardiac ultrasound or electrocardiogram. 

DISCUSSION
Globally, herbal medicine is used for many medical problems. With increasingly widespread communication, aconitine cardiotoxicity has been reported worldwide despite its analgesic and anti-inflammatory effects. Yeih et al[4] reported a case of aconitine-induced life-threatening ventricular tachyarrhythmia that was successfully restored to normal sinus rhythm with amiodarone. Moritz et al[5] also described a case of acute arrhythmia caused by the ingestion of three homemade aconitine capsules, in which the half-life of aconitine in humans was calculated to be 3 h. Bicker et al[6] reported three cases of death resulting from aconitine poisoning and found that the aconitine concentration was significantly higher in heart blood than in peripheral blood.
Aconitine is highly toxic, and the heart is the main target organ of poisoning, which leads to death mainly by ventricular arrhythmia and cardiac arrest[7,8]. To the best of our knowledge, no exact lethal dose of aconitine has been reported to date. In one case of mortality reported in the literature, the patient’s antemortem aconitine blood concentration was 39.1 ng/mL, and the postmortem urine concentration was 67.4 ng/mL[9]. In our case, the aconitine concentration in the blood and urine was significantly higher than that reported in the aforementioned study, which is considered to be associated with the accumulation of oral aconitine from herbal medicinal wine that was repeatedly ingested 1 mo before the patient’s visit. Moreover, the patient developed acute malignant arrhythmia and cardiac arrest and was eventually resuscitated successfully. Organ support technologies such as ECMO, IABP, and bedside blood purification provided a good bridging effect. However, it has also been reported that the aconitine blood concentration does not fully correlate with symptoms or ECG results due to different times of arrival at the hospital and individual physiological differences[10]. Therefore, close monitoring and timely and effective means of support for patients with aconitine poisoning are essential.
Several fundamental studies have explored the mechanism of aconitine-induced cardiotoxicity, but the exact mechanism has not been fully understood. It has been shown that aconitine increases the peak Na+ current (iNa) by accelerating Na+ channel activation and Na+/K+ pump inhibition, thereby inducing various ventricular arrhythmias in guinea pigs[11]. In addition, aconitine also significantly exacerbates Ca2+ overload, leading to arrhythmia, and ultimately promotes the development of apoptosis through the phosphorylation of P38 mitogen-activated protein kinase (MAPK)[12]. Studies have also found that aconitine inhibits the expression of TnT and Bcl-2 and promotes the expression of caspase 3 and Bax in zebrafish embryonic cardiomyocytes[13]. In summary, studies on the mechanism of aconitine-induced cardiotoxic effects have mainly focused on interactions with ion channels, induction of cytotoxic damage, and epigenetic and transcriptional regulation[8]. Unfortunately, no specific antidote for aconitine poisoning has been found. In this case, we tried to use immunoglobulin and glucocorticoids for immune anti-inflammatory therapy. However, the results were poor, and the patient had massive myocardial necrosis and irreversible cardiac pump failure. Fortunately, the patient was eventually cured by heart transplantation, and we obtained the first in vivo cardiac pathology specimen of aconitine poisoning. With this pathological result, we found that aconitine caused acute myocardial necrosis, which is of great benefit to our understanding of the mechanism of aconitine poisoning. At the same time, this case also showed that VA-ECMO played an important role as effective support for circulatory failure in cardiogenic shock, cardiac arrest, and refractory ventricular arrhythmias caused by poisoning, providing healthcare providers ample time for subsequent diagnosis and treatment.

CONCLUSION
Aconitine poisoning can cause acute myocardial necrosis. VA-ECMO played an important role in maintaining the patients’ condition until heart transplantation.
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Figure Legends
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Figure 1 Twelve-lead electrocardiogram showing ventricular fibrillation.
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Figure 2 Development of rapid ventricular tachycardia after cardiopulmonary resuscitation.
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Figure 3 Cardiac ultrasound findings on day 18 of admission. The ejection fraction was 19.5%.
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Figure 4 Pathology of heart after aconitine poisoning. A: Gross specimen of the heart; B: Necrosis of part of the left ventricular wall accompanied by hemorrhage; C: Ventricular septum partial necrosis. D: Right ventricle histiocytic infiltration; B-D were observed using hematoxylin-eosin staining under a light microscope at 20× magnification. 



Table 1 Dynamic changes in the concentration of aconitine in blood and urine
	AC
	Day 1
	Day 2
	Day 4
	Day 5
	Day 11

	Blood AC (ng/mL)
	65.6
	12.7
	0
	0
	0

	Urine AC (ng/mL)
	1064.2
	1021.6
	876.5
	264.7
	0.8


Detection by liquid chromatography-tandem mass spectrometry. AC: Aconitine.
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