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Abstract
BACKGROUND
Quetiapine, known as a non-classical antipsychotic drug, is frequently used for the treatment of mental diseases, such as schizophrenia, bipolar disorder, and major depressive disorder. Acute lung injury, a rarely reported side effect of quetiapine, is described in this case report.

CASE SUMMARY
Due to terminal delirium, a 66-year-old man took a large dose of quetiapine and then developed severe pulmonary disease. His symptoms were not resolved after routine treatment, such as antibiotics, diuretic, and supportive therapies. Quetiapine-related acute lung injury was therefore suspected and hormonal therapy was initiated. Subsequently, his symptoms were alleviated and the radiological results improved dramatically.

CONCLUSION
Our findings in the present report highlight a potential adverse effect of quetiapine, drug-related acute lung injury, which deserves awareness in clinical practice.
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Core Tip: Quetiapine is a non-classic antipsychotic drug. Acute lung injury, a rarely reported side effect of quetiapine, is described in this case report. Common etiologies were ruled out when the patient’s symptoms were not resolved after routine treatment. Finally, quetiapine-related acute lung injury was suspected and hormonal therapy was initiated. The patient’s symptoms were alleviated and the radiological results improved. The case report highlights this potential adverse effect of quetiapine, which deserves more awareness in clinical practice.

INTRODUCTION
Quetiapine is a commonly prescribed atypical antipsychotic drug used for the treatment of several mental diseases, such as schizophrenia, bipolar disorder, and major depressive disorder. It is also effective for patients with delirium, those with obsessive-compulsive disorder, etc. Due to its efficacy and few reported side effects, quetiapine is widely used in clinical practice[1].
The reported adverse effects of quetiapine are relatively rare and mild, such as extrapyramidal reaction, dizziness, drowsiness, abnormal liver function, postural hypotension, and tachycardia[2]. Quetiapine overdose is rarely reported and limited information is available regarding overuse cases. Therefore, a case of acute lung injury caused by a large dose of quetiapine is presented and awareness of this adverse reaction may improve patient outcomes.

CASE PRESENTATION
Chief complaints
On April 5, 2016, a 66-year-old man was admitted to our hospital for delirium lasting for 6 h.

History of present illness
The patient’s family found him to be delirious and a medicine bottle used for quetiapine storage [20 tablets (200 mg)] was empty. The patient was suspected of having taken a large dose of quetiapine. Gastric lavage was performed and he was admitted to the intensive care unit (ICU) for further management.

History of past illness
The patient had a history of mental illness, but the details were unclear. He had a medical history of quetiapine use during the past 6 mo.

Personal and family history
No abnormalities were found in the patient's personal and family history.

Physical examination
The patient’s vital signs were as follows: Heart rate, 118 beats/min; respiratory rate, 13 breaths/min; systolic/diastolic blood pressure, 146/69 mmHg; and temperature, 36.6 ℃. The Glasgow Coma Score was calculated and estimated to be 5. Moist rale was heard on auscultation of the lungs. Both pupils were round and equal (3.5 mm) and the heart rhythm was normal.

Laboratory examinations
Blood analysis revealed leukocytosis with a white blood cell count of 16.6 × 109/L, predominantly neutrophils (94.9%), and a normal platelet count. Prothrombin and partial thromboplastin times were prolonged, and D-dimers were slightly increased at 1.63 μg/mL. Serum C-reactive protein was elevated at 80.0 mg/L (normal range, < 8 mg/L) and procalcitonin was normal. The blood biochemistry results, as well as urine analysis, were normal.

Imaging examinations
Abnormal radiological features such as lacunar cerebral infarction in the bilateral thalamus and left basal ganglia, consolidation in both lower lobes, and nodules in the dorsal segment of the left lower lung were suggested by computed tomography (CT) (Figure 1A).

FURTHER EXAMINATION, DIAGNOSIS, AND TREATMENT
Due to the suspicion of quetiapine intoxication, therapies such as oxygen inhalation, hemoperfusion (three times), hemofiltration, reduced glutathione, and naloxone were administered. Unfortunately, the patient’s blood oxygen saturation gradually decreased, reaching 83%-86% on the 3rd day even with an oxygen flow rate of 10 L/min. Emergency endotracheal intubation and mechanical ventilation were then used [ventilator parameters: Oxygen concentration fraction (FiO2), 80%; pressure support, 20 cm H2O; positive end-expiratory pressure, 10 cm H2O]. Similarly, blood pressure was measured and decreased to 90/52 mmHg during the ICU stay. After norepinephrine administration [0.1-0.3 g/(kg· min)] for 30 h, blood pressure was restored to 115-145/56-68 mmHg. The cardiac ultrasound examination was normal and B-type natriuretic peptide (BNP) was 184.6 ng/L. Chest radiography revealed more patchy shadows with increased density and blurred borders in the lungs. On the 4th day, the patient regained consciousness. For blood oxygen saturation, FiO2 was kept at 70% for ventilation. Additionally, antibiotic and diuretic treatments resulted in no improvements in the oxygenation index. On the 8th day, C-reactive protein had decreased to 47.4 mg/L, but chest CT (Figure 1B) was performed again and showed diffuse exudation and ground-glass shadows in the lungs. During the treatment period, the patient underwent sputum (n = 5), urine (n = 1), and blood (n = 1) cultures, with no evidence of infection. 

FINAL DIAGNOSIS
Based on these observations, common diagnoses (such as pulmonary infection, congestive heart failure, and pulmonary embolism) were ruled out. Finally, the man was diagnosed with quetiapine-related acute lung injury.

TREATMENT
On April 14, methylprednisolone was administrated as follows: 80 mg, intravenous drip every 8 h for 8 d; 80 mg, intravenous infusion every 12 h for 7 d; 40 mg intravenous infusion every 12 h for 7 d; 40 mg intravenous drip every 8 h for 3 d; and 20 mg intravenous drip every 8 h. In addition, prone ventilation was performed.

OUTCOME AND FOLLOW-UP
FiO2 was kept stable at 60%-80% for ventilation between April 14 and April 22. On April 23, FiO2 was reduced to 55% and was gradually decreased due to the improvement of the oxygenation index. The patient’s radiological results improved dramatically (Figure 1C). Finally, on May 7, the endotracheal tube was removed and the patient required no further mechanical ventilatory support. The patient was discharged on June 3 after his condition improved. The patient’s condition and interventions during hospitalization are shown in Table 1.

DISCUSSION
Quetiapine is a dibenzothiazepine derivative that shows affinity for a variety of neurotransmitter receptors including dopamine and 5-hydroxytryptamine receptors. In China, several studies have demonstrated that quetiapine is effective for many mental symptoms, such as schizophrenia, affective disorders, and mental disorders associated with organic brain diseases such as Alzheimer’s disease. Its efficacy in the control of delirium and obsessive-compulsive disorder was also observed and few side effects have been reported with its use. Therefore, quetiapine is widely used in developing countries[1].
Adverse reactions to quetiapine are infrequent in clinical practice. However, adverse reactions have been widely evaluated and the relevant information was often obtained from clinical trials involving patients or volunteers, or from datasets obtained from drug administration. As reported in the drug product information, the most common adverse reaction to quetiapine is nervous system damage, which usually presents with extrapyramidal reactions, dizziness, and drowsiness. Other adverse reactions include gastrointestinal disorders, hepatobiliary disorders, cardiac disorders, and blood and lymphatic system disorders[2,3]. In a systematic review, the data suggested that common adverse reactions to quetiapine included somnolence (25%-39%), dizziness (15%-27%), headache (10%-23%), postural hypotension (6%-18%), and weight gain (11%-30%)[4]. Additionally, quetiapine treatment can increase the risk of pneumonia among patients with schizophrenia[5], which has been confirmed in a case of quetiapine-induced interstitial pneumonia[6]. 
Clinical presentations of drug-related lung injuries are usually nonspecific, such as clinical symptoms, radiological features, and pathological evidence. Hence, it is difficult to make a definite diagnosis. Recently, a consensus statement on drug-related lung injury was issued by the Japanese Respiratory Society and several criteria for the diagnosis of drug-related lung injuries were addressed as follows: A drug which can induce lung injury and the corresponding clinical presentation was used; other causes for the injury may exist; the clinical presentation could improve after drug discontinuation and worsen if the drug is used again[7]. Identification of lung injuries caused by the drug is generally indirect. A combination of the medical history, laboratory examination, and response to treatment should be considered for clinical diagnosis. This is because objective diagnostic criteria are lacking and the diagnosis continues to rely on the presence or absence of a response to the drug. Drug-related lung injury usually stops progressing after drug discontinuation. The patient’s condition improves after hormone use, leading to recovery from the injury[8]. However, the radiological features of drug-related injury are similar to those of other diseases, such as interstitial pneumonitis, pulmonary fibrosis, hypersensitivity reaction, acute respiratory distress syndrome, and bronchiolitis obliterans organizing pneumonia. If the patient’s medical history suggests a potential risk of drug-related injury, further efforts may be required[9].
As an adverse reaction, respiratory disorders are rarely reported in patients with quetiapine use and the corresponding rate among total adverse events was reported to be 2.8%[3]. To date, few cases of drug poisoning that eventually resulted in quetiapine overdose have been reported in China. In a recent study, a case series of 12 patients who ingested 500-12000 mg quetiapine at once were reviewed, and several clinical characteristics associated with quetiapine use were identified, such as somnolence, slow pupillary light reflex, tachycardia, lethargy, excited agitation, hypokalemia, coma, slurred speech, pupil dilation, elevated white blood cells, and electrocardiogram abnormality[10]. The mechanism by which quetiapine induces drug-related lung injury remains unclear and requires further investigation. One possible explanation is that quetiapine is mainly metabolized by CYP3A4, which is found in lung tissues[11]. Afterward, toxic metabolites are generated, such as 7-hydroxyquetiapine, which contribute to the pulmonary impairment[12,13].
In terms of drug-related lung injury treatment, the most important factor is stopping the drug use, which usually leads to the alleviation of symptoms in most patients. Glucocorticoid therapy is subsequently administrated to patients who require further intervention. Most physicians recommend the administration of glucocorticoid at 1 mg/kg for several months (based on clinical manifestations and procedures), followed by a reduction[14]; however, the appropriate dose of hormones for the treatment of drug-related lung injuries remains unclear due to a lack of evidence. At present, quetiapine is widely used in China. Although there are few cases of lung injuries caused by quetiapine and the mechanism is unclear, studies are warranted to confirm the existence of a dose correlation. However, clinicians should be vigilant during the diagnosis and treatment, and should be aware of the possibility of drug-related lung injuries caused by quetiapine.

CONCLUSION
Quetiapine is an atypical antipsychotic drug commonly prescribed for the treatment of several mental diseases, but its side effects are concerning, even though they are not commonly seen in the clinic. In this case report, we describe a case of drug-related acute lung injury caused by high-dose quetiapine intoxication. Although there are few cases of lung injuries caused by quetiapine and the mechanism is unclear, clinicians should be vigilant during the diagnosis and treatment, and should be aware of the possibility of drug-related lung injuries caused by quetiapine.
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Figure Legends
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Figure 1 Chest computed tomography images of the patient at different times. A: Chest computed tomography (CT) image on April 5, 2016 showing consolidation in both lower lobes and nodules in the dorsal segment of the left lower lung; B: Chest CT image on April 13, 2016 showing diffuse exudation and ground-glass shadows in the lungs; C: Chest CT image on May 5, 2016 showing that the exudation and consolidation of both lungs decreased significantly.

Table 1 Changes in the patient's condition and treatment measures in 2016
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	April 5
	April 6
	April 7
	April 8
	April 14
	April 23
	May 7

	Condition
	Delirium
	Blood pressure1
	Blood oxygen saturation1
	Regained consciousness, blood oxygen saturation (unchanged)
	Blood oxygen saturation (unchanged)
	Blood oxygen saturation2
	Blood oxygen saturation2

	Intervention
	Admission and hemoperfusion
	Norepinephrine
	Endotracheal intubation and mechanical ventilation
	Antibiotic and diuretic treatments
	Methylprednisolone
	Methylprednisolone decrement
	Intubation (removed)
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