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Introduction
Quetiapine (Q) is an atypical antipsychotic drug that is 

increasingly used as first line treatment for schizophrenia, manic- 
and severe depressive episodes of bipolar disorder [1,2]. In 
Norway, Q is used as first line treatment for these disorders and 
during the period from 2009 until 2019, the number of users has 
increased from 2.3/1000 inhabitants to 12.9/1000 inhabitants [3]. 
However, there is also an increasing use of Q as a hypnotic, although 
this use is unapproved [4]. Similar to other atypical antipsychotics, 
Q is known to bind to numerous serotonergic, dopaminergic, 
adrenergic, histaminergic and muscarinic receptors with different 
affinities. Compared to the other atypical antipsychotics, Q has 
less ability to give extrapyramidal features [5]. With increased 
availability of the drug, the number of overdoses has increased 
[6]. Although several case reports describe the clinical course of 
Q overdoses [6-46], few are on large overdoses and few to none  

 
report sequelae and data on the toxicokinetics of the major active 
metabolite N-desalkylquetiapine (NQ). The aim of this study was to 
review the literature on the clinical presentation, complications and 
toxicokinetics of Q poisoning. Two cases are presented to illustrate 
the complexity of severe Q poisoning. We also studied the number 
of inquiries on Q to the National Poisons Information Center and 
the number of fatal poisonings where Q was detected in the forensic 
analyses (Supplementary material).

Materials and Methods

Case reports
In both cases Q and NQ were measured by a valid LC MS/MS 

(Liquid chromatography with tandem mass spectrometry) method 
developed for routine therapeutic drug monitoring analyses at 
the Centre for Psychopharmacology, Diakonhjemmet Hospital, 
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Norway. The retention times were 2.17 min for NQ and 2.39 for Q 
(internal standard). Detection was performed at the following mass 
transitions: m/z 296 - 210 for NQ, and m/z 384-253 for quetiapine. 
The lower limit of quantification was 0.020 and 0.025µmol/L for Q 
and NQ respectively, with imprecision and inaccuracy parameters 
less than 5%. SI-conversion factors for Q and NQ (µmol/L-mg/L) 
are 0.384 and 0.296, respectively. Informed consent for presenting 
the case in the literature as a case report was obtained from patient 
1 and relatives in case 2.

Literature Search Strategy
A systematic review of the literature was conducted to evaluate 

reported information on quetiapine overdoses and to uncover the 
toxicokinetics of quetiapine. An extensive literature search was 
performed and included the following databases: Ovid platforms 
PubMed, EMBASE, Cochrane Library, SveMed+, Toxnet, The 

Norwegian Electronic Health Library (Helsebiblioteket.no), The 
Norwegian Medicines Agency and its NoMA medicine database 
(Statens legemiddelverk) with the Norwegian SPC and Electronic 
Medicine Compendium (EMC) with the British SmPC. We included 
case reports, letters to the editor, abstracts and retrospective 
studies. The search strategy was limited to publications less than 
10 years old in English and Scandinavian languages and excluded 
animal studies. The full search parameters are included in the 
Supplementary material.

Inclusion and Exclusion Criteria
We included studies on Q overdoses, or other toxic and severe 

adverse effects of Q use in humans. We excluded reports that did 
not report Q as the main or contributing agent in the poisoning, and 
reports where clinical- or toxicokinetic data on quetiapine were 
missing (Figure 1).

Figure 1: Flowchart on literature search and exclusions.

Poisons Center and Forensic Data
This information was based on their annual reports (see 

Supplementary material). 

Statistics
Median ranges were calculated by including medians from case 

series and big cohort studies, and a calculated median combining all 
single case studies. Due to issues obtaining full access to statistics 
from articles included.

Results

Case 1

A middle-aged woman, with a history of a bipolar disorder was 
brought to hospital with a presumed Q overdose. The patient was 
found somnolent in her home along with empty packets of quetiapine 
100mg tablets estimated to a total of 30g. The patient was last seen 
nine hours before admission on leave from a psychiatric ward. On 
admission, the patient was somnolent with Glasgow Coma Scale 
(GCS) 10. Her blood pressure was 133/80 mmHg, heart rate 115 

bpm and respiratory rate 12 per minute. The pupils were miotic and 
responded poorly to light. Her skin was warm and dry, but she was 
hypothermic (35.2°C). She had urinary retention with 500 mL of 
urine obtained after catheterisation. Her Electrocardiogram (ECG) 
was normal with QTc 478ms. On admission, the arterial blood gas 
showed a pH 7.38, pO2 4.63 kPa, pCO2 4.6 kPa, and base excess -4.3 
mmol/L. Her blood tested negative for ethanol and paracetamol. 
CK was elevated at 4600 U/L, but creatinine was normal. Glucose 
was 6.2 mmol/L, electrolytes and serum osmolality were all 
within normal range. Gastric lavage with subsequent installation 
of activated charcoal was not performed as suspected time since 
ingestion exceeded two hours. 

Ten hours after admission, the patient developed generalized 
seizures treated with benzodiazepines, but the seizures progressed 
to status epilepticus. The patient developed acute respiratory 
collapse, hypotension (90/40 mm Hg) and increasing bradycardia 
with wide QRS complexes. She was intubated and received 
successful Cardiopulmonary Resuscitation (CPR). The ECG showed 
widened QRS complexes (150 ms), sinus tachycardia (120/
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min), 1st degree AV-block, LBBB configurations and prolonged 
QTc of 510ms. After return of spontaneous circulation (ROSC), 
she was given infusions with norepinephrine, sodium valproate, 
benzodiazepines and fentanyl. A chest X-ray showed bilateral lung 
consolidations, probably caused by aspiration. Clinically, she had 
developed Acute Respiratory Distress Syndrome (ARDS). Blood 
tests revealed severe metabolic acidosis with pH 6.7, lactate 18 
mmol/L and signs of rhabdomyolysis (CK 4670 U/L) without 
renal failure. Suspected sepsis was treated with broad-spectrum 
antibiotics. Echocardiography showed no structural abnormalities. 
The respiratory support was gradually increased to maintain 
satisfactory oxygenation as her condition deteriorated. On day 
nine her ARDS was so severe that Extracorporeal Membrane 
Oxygenation (ECMO) treatment was discussed. However, this was 

not necessary as her condition gradually improved. Repeated 
Computed Tomography (CT) scans of the brain were normal.

On day 26 she was successfully extubated and rehabilitation 
was initiated. 39 days after admission, of which 28 days in an ICU, 
the patient was stable and transferred to a psychiatric ward for 
further treatment. 

The concentration of Q peaked 12 hours after admission at 31.8 
μmol/L before declining. The elimination was rapid initially, and 
during the 12-30 hour samples, the apparent T1/2 was estimated 
to be 8 hours. Over the next day`s (30-86 hours) Q elimination 
was slower with an apparent T1/2 of 75 hours. As Q declined, 
its metabolite NQ increased reaching a peak concentration of 
10.2µmol/L 62 hours after admission (Figure 2).

Figure 2: Toxokinetic data of Quetapine (Q) and N-desalkylquetapine (NQ) in case 1.

Case 2 
A 20-year-old woman with a history of depression was 

brought to hospital with a presumed self-poisoning. She was found 
unconscious and cyanotic in her home with empty packages of 
sertraline, hydroxyzinhydrokloride and Q. Paramedics initiated 
Advanced Cardiopulmonary Resuscitation (ACPR) and administered 
5 mg of epinephrine. On admission, she was comatose, intubated, 
hypotensive (43/28 mmHg), and had a pulse frequency varying 
between 74-105/min. Gastric lavage was performed on admission 
with no tablets found. Activated charcoal was administered. Arterial 
blood gas showed a severe combined metabolic and respiratory 
acidosis with pH 6.95, pO2 4.3 kPa, pCO2 11.2 kPa, HCO3- 19 mmol/L, 
base excess -13 mmol/L, lactate 14 mmol/L, haemoglobin (Hb) 9.7 
g/dL, Na+ 140 mmol/L, K+ 4.5 mmol/L. ACPR was again required. A 
total of 7 mg epinephrine was administered. NaHCO3 was also given 
i.v. The patient had rapid transitory return of circulation (ROSC) 
in the ER. She was bleeding from the intubation tube and Hb level 
fell to 6.5 g/dL. She was given two units of erythrocytes in Saline-
adenine-glucose (SAG) and crystalloids. 

ECG showed widened QRS-complexes with branch block 
patterns. CT scan of the brain showed signs of marked oedema with 
indistinguishable surface relief and lack of distinction between 
white and grey matter. CT scans findings were consistent with 
massive lung haemorrhage bilaterally and in the small intestines. 
Despite initiated resuscitation and treatment, the patient’s condition 
deteriorated. ACRP was discontinued 1.5h after admission and 
the patient was declared dead. Blood taken on admission showed 
S-sertraline 1.229μmol/L (0.020-0.250 μmol/L) and S-quetiapine 
4.753μmol/L (0.050-0.700μmol/L), both high concentrations 
compatible with a severe overdose. 

Review of the Literature 

Mortality 
The literature review included 4285 patients with Q poisoning, 

2774 (65%) women and 1377 (32%) males (Table 1). Median age-
range from 28 to 45 years Dose ingested ranged from 0.6-56 g. A 
total of 559 deaths (13%) were reported. Fifty-eight percent of 
the reported Q intoxications were mixed or suspected mixed drug 
intoxications. 
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Table 1: Literature search on Q poisoning (6-46).

N Percentage

Total 4285 1

Females 2774 0.65

Males 1377 0.32

Sex not reported 134 0.03

Mortality 559 0.13

Mixed intoxications 2521 0.58

Median age (range) 28-45 years

Median estimated ingested dose (range) 0,6-56 g

Complications reported 2669 0.62

- CNS complications 1664 0.39

- Cardiac complications 895 0.21

- Other complications 157 0.04

Treatments reported 186*2 0.043

1Includes suspected mixed intoxications.
2Includes several treatments in the same cases. Not all cases report any treatment.

Administration and Formulation 
In 99.7% of the cases, Q was taken by ingestion. Q has two formulations, an extended release (XR) formula (in 62%) and an Immediate 

Release (IR) formula (in 38% of the cases). 

Table 2: Literature search on Q poisoning - complications (6-46).

N Percentage of total N      patients

Complications reported 2716 63%

Cardiac complications 895 21%

- Tachycardia 570 13.3%

- Hypotension 167 3.9%

- Prolonged QTc time 117 2.7%

- Hypertension 25 0.58%

- Cardiac arrest 7 0.16%

- Cardiac shock 6 0.14%

- Other 3*1 0.07%

CNS complications 1664 39%

- Reduced consciousness 1606     38%

- Convulsions 24 0.56%

- Anticholinergic syndrome 20 0.47%

- Agitation 9 0.21%

- Neuroleptic malignant syndrome 5 0.12%

Other complications 157 4%

- Respiratory complications*2          74 1.7%

- Pneumonia 47 1.1%

- Rhabdomyolysis 23 0.54%

- Metabolic acidosis 8 0.19%

- Renal failure 5 0.12%

1Other ECG changes e.g. left and right bundle brach block and widened QRS-complex.
2Includes difficulty breathing, desaturation and respiratory collapse.
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Cardiac complications were reported 895 times (21%), (Table 
2). Most common were tachycardia (n=570;13%), hypotension 
(n=167;3.9%) and prolonged QT time (n=117; 2.7%). Complications 
related to the central nervous system (CNS) are listed in table 2. 
The most common complication was reduced consciousness in 
1606 cases (38%) whereas convulsions were only reported in 24 

(0.56%). Other complications (4%) were rare. 

Treatment
A total of 186 treatment interventions were reported (Table 3), 

of which assisted ventilation was the most frequent (1.7%). Note 
that activated charcoal was only given in 1.3% and gastric lavage 
only in 0.39% of the cases.

Table 3: Literature search on Q poisoning-treatments (6-46).

N     Percentage     

Treatments reported 186*1 4.3%

- Assisted ventilation 73 1.7%

- Activated charcoal 54 1.3%

- Vasopressors 18 0.42%

- Gastric lavage 17 0.39%

- Physostigmine 10 0.23%

- ILE (intravenous lipid emulsion) 6 0.14%

- MgSO4 5 0.12%

- Hemoperfusion/dialysis 3 0.07%

1Includes several treatments in the same case. Not all cases reported any treatment.

Data from the National Poisons Information Center 
(NPIC) and the Forensic data are given in Supple-
mentary material

Only 1-2% of the inquiries to the NIPC were about Q which was 
found in 31 (7%) of the 468 overdose deaths in Norway (2016-
2017). 

Discussion

Toxicokinetics
The absorption of Q is reported to be rapid and 100% [1] and 

marginally affected by administration of food [47]. Q is extensively 
metabolised following oral administration according to the 
SPC [1]. Quetiapine is reported to cause constipation and have 
anticholinergic effects due to its pharmacodynamic antagonistic 
properties on muscarinic M1 receptor. A delayed onset of toxicity and 
prolongation of symptoms has also been associated with different 
pharmacokinetics between the two formulations of Q, immediate 
release IR and extended release XR. The study from Taylor et al. 
comparing the overdoses with the two different formulations of Q 
reported an association between the XR formulation and a delayed 
onset of toxicity compared to IR [41]. This may be due to a possible 
bezoar formation from the tablets in the ventricle forming a gel in Q 
overdoses that contributes to a delayed absorption [34]. However, 
the serum max concentration (Tmax) is reported to be 1-2 hours 
with IR and 6 hours with XR [48,49].

Case 1 illustrates the elimination of Q and NQ from a large Q 
overdose (Figure 2). The Q levels increased rapidly and peaked 12 
hours after admission at 31.8 μmol/L. The elimination was rapid 
in the first 12-30 hours with an estimated T1/2 of 8 h. During the 

next 30-86 hours, the elimination was slower with an estimated 
T1/2 of 75 h. The decrease of Q in serum the first 12-30 hours 
may indicate a first phase, a T1/2- alfa, where distribution of Q is 
taking place. The second phase, a T1/2-beta, lasting the next 30-86 
hours, usually describes an elimination phase. This is most often 
of 1st order kinetic, but the T1/2 was here prolonged more than 
expected and other mechanisms may thus play a role. Giuntoli, et 
al. [24], discusses similar models of Q toxicokinetics in overdoses 
up to 24g, although the study also discusses contradicting evidence 
in the literature that may indicate altered pharmacokinetics. 
Papazisis, et al. [29], also reported biphasic Q toxicokinetics. This 
two-phase elimination curve combined with a prolonged T1/2 has 
also been described by Pollack, et al. [50] and may not be explained 
by neither 0. nor 1. order kinetics. This may indicate biphasic 
kinetics occurring during large Q poisoning and a prolonged T1/2 in 
overdoses. Rauber et al. [34] have described quetiapine tablets in 
gastric lavage from 2.25-13 hours after ingestion. Prolonged T1/2 and 
the biphasic kinetics of Q in overdose may be due to anticholinergic 
activity with reduced GI motility and prolonged Q absorption, with 
absorption and metabolism continuing over an extended period. 
Most case reports with lower quetiapine doses describe symptom 
remission within 48 hours. This is in accordance with the rapid 
elimination/distribution of Q observed the first 24 hours in our 
patient. According to the SPC of Seroquel, the elimination half-
lives of Q and NQ are approximately 7 and 12 hours, respectively 
[1,2]. These half-lives seem to be underestimated for an overdose 
situation. Both Eyer et al. and Hantson, et al. [21, 25] estimated T1/2 
of Q to be in the range 16-62 hours. If so, gastric lavage may still be 
recommended in large overdoses of Q even if time since ingestion 
exceeds two hours. 

http://dx.doi.org/10.32474/LOJMS.2021.05.000224


Citation: Langberg C, Hadley CL, Midtrevold M, Edvardsen HME, Molden E, Shafiei M, Jacobsen D*. Quetiapine Poisoning – Epidemiology, 
Toxicokinetics and Review of the Literature. LOJ Med Sci 5(5)-2021. LOJMS.MS.ID.000224. DOI: 10.32474/LOJMS.2021.05.000224

LOJ Med Sci                                                                                                                                        Volume 5 - Issue 5  Copyrights @ Jacobsen D, et al.

570

NQ elimination during an overdose has not yet been reported 
in the literature. In our case 1, the levels of NQ increased after 
admission and peaked at 10.3 μmol/L 62 hours after admission 
(Figure 2). However, the levels remained high even after 80 hours. 
This does not correlate with experimental work in animal models 
where elimination concentrations within the therapeutic range 
of Q and NQ correlated well (5). As seen in Figure 2, there was an 
increase in the serum concentration of NQ when the Q concentration 
was decreasing. This may indicate a saturation situation where 
more NQ accumulates and exceeds the capacity to eliminate. NQ 
is metabolized and eliminated through CYP3A4 similar to Q [1]. A 
prolonged absorption of Q may be due to anticholinergic effects. 
This may explain why NQ levels are increasing and remain high for 
a long time period while Q levels are decreasing.

During the last 10 years, 58% of the quetiapine overdoses 
were overdoses with multiple drugs (Table 1). The co-ingestions 
reported were mainly benzodiazepines, antidepressants (SSRI) and 
ethanol but also drugs as antibiotics and antiviral drugs have been 
implicated due to CYP3A4 inhibition [14,25]. The FDA advice is to 
avoid alcohol consumption with quetiapine [47]. Clinicians should 
be aware of possible drug interactions through CYP3A4 inhibition 
in Q overdoses, which may affect the toxicokinetics of Q.

Complications

Pharmacodynamically, Q acts as a serotonin 5HT2A, dopamine 
D2, alpha-1-adrenergic and histamine H1 antagonist, and a 
serotonin 5HT1A partial agonist, and NQ as an serotonin receptor 
5HT1A agonist and histamine H1, D2-, 5HT2A, alpha-adrenergic 
1A and 2 antagonist, and a norepinephrine transporter inhibitor 
[5]. The most common complications reported were reduced 
consciousness, tachycardia, hypotension, and prolonged QTc-time. 
In comparison to other atypical antipsychotics, Q is reported to cause 
less extrapyramidal adverse effects. However, in one retrospective 
poison center data study, coma, respiratory depression requiring 
intubation, hypotension and death were more likely to occur after 
Q overdose compared to all other antipsychotics as a group [51]. 
The clinical presentation of our two cases gives an insight into 
different courses and toxicokinetic aspects of severe Q poisoning. 
Case 1 showed a delayed presentation of severe symptoms and a 
prolonged T1/2 of Q. It also showed serum concentrations of NQ 
with a delayed peak in concentration and an unusual elimination. 
Case 2 showed complications of Q poisoning where interventions 
were unsuccessful. The critical illness of our two patients could 
be an example of publication bias towards the most severe-and 
challenging-cases which may explain the relatively high mortality 
reported on Q poisonings in the literature. 

 The clinical course with rapid deterioration of the 
patient’s condition after admission in the first case, underlines the 
importance of admitting patients with a presumed large quetiapine 
overdoses to an Intensive Care Unit (ICU) even when a patient is 
stable on admission. This is also emphasised in the literature where 

delayed onset of toxicity after Q overdose have occurred in several 
studies [11, 35, 41]. A study from Taylor, et al. [41] also observed a 
longer delayed onset of toxicity in the extended-release formulation, 
thus recommending monitoring the patients for symptoms up to 12 
hours post overdose to rule out significant poisoning.

The reported toxicity of Q is very variable and thus it may be 
difficult to predict the severity of the poisonings. Studies report 
that the severity of the Q overdose does not seem to be associated 
with a high serum concentration nor with the reported ingested 
dose [10,21,29,52]. Fatal cases have been reported to occur after 
therapeutic doses as well as massive ingestions [31,53]. Deaths 
have been reported at Q concentrations lower than 36 mg [54], 
and patients have survived acute Q overdoses of up to 36g [10, 
46]. On the other hand, a study from Isbister et al. on predicting 
intubation, duration of ventilation, cardiac monitoring and the 
effect on activated charcoal, reported a 3g limit of ingested Q to have 
increased risk of CNS affection, coma and hypotension [55]. They 
also estimated a probability of intubation after ingested amounts of 
Q: 10% after 2 grams, 22% after 5 grams, 37% after 10 grams, 55% 
after 20 grams. Peredy et.al observed an increased risk of severe 
Q poisoning when associated with other psychotic drugs such as 
benzodiazepines and antidepressants [31]. In the literature review, 
most Q overdoses were mixed intoxications with co-ingestions.

Reduced consciousness was observed in both patients and this 
was the most common complication reported in the literature. Both 
patients were hypothermic and acidotic although only very few 
have reported metabolic acidosis in the literature. Both patients 
developed hypotension and showed widening of the QRS complex, 
bundle branch blocks and the first patient had significantly 
prolonged QTc-time. These cardiac complications are known from 
the literature [8,26,45]. 

Management
It is reported that hypotension from Q poisoning responds poorly 

to fluids or epinephrine, but responds to norepinephrine [56,57]. 
Worsening of hypotension in Q overdose after administration 
of epinephrine may likely be due to high beta-2 adrenoceptor 
mediated relaxation in vascular smooth muscle and skeletal muscle 
beds resulting in an overall decrease in systemic vascular resistance 
in the setting of induced alfa-adrenal receptor antagonism [42]. The 
SPC, SmPC and the NPIC, do not recommend the use of epinephrine 
in treatment of hypotension in quetiapine overdoses [1,56,57]. 
Hypotension mediated by alpha-1-adrenergic receptor antagonism 
is relatively uncommon in overdoses but is seen in 6%-18% of toxic 
ingestions [42]. Our first patient responded to norepinephrine and 
the second patient did not respond to epinephrine, -in line with 
previous findings. In this case, however, epinephrine was used as 
part of the CPR algorithm and not because of hypotension per se. 
There is no high-quality evidence for preference of catecholamines 
in the literature. Epinephrine and norepinephrine have both 
similar beta-1 receptor activity in the heart and similar potency 
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in alpha-receptors. However, norepinephrine has a low beta-2 
receptor activity. Therefore, norepinephrine will increase total 
peripheral resistance more than epinephrine. This may explain why 
norepinephrine is preferred, and epinephrine not recommended 
treatment of hypotension in Q-poisonings.

In our first case, the patient went into status epilepticus which 
did not respond to diazepam treatment alone. This is in accordance 
with the case reported by Purg, et al. [33]. Our patient needed 
treatment with sodium valproate in addition to benzodiazepines in 
order to control the convulsions. 

Epidemiology
Most of the cases in the literature were female patients (65%), 

self-inflicted and by oral route. Moderate poisonings with XR 
formulation combined with other substances predominated. The 
reported mortality was estimated to be as high as 13% of the cases. 
The frequency of reported complications (62%) is in accordance 
with the high mortality, but not with the low frequency of reported 
specific treatment procedures (4%). The epidemiological data 
collected from NPIC in 2015-2019 indicate an overall 36% increase 
in Q poisonings, a 20% increase in severe Q poisonings, and an 
increase of Q related deaths (2016-2017; Supplementary material).

Conclusions
The use and misuse of Q are increasing. Clinicians must be aware 

of serious adverse effects and drug interactions. Toxicokinetic data 
on Q and NQ indicate that patients with large Q overdosage may 
profit from gastric lavage and activated charcoal, even later than 
two hours after ingestion. Moreover, patients may deteriorate 
quickly and should be monitored closely after admission.

Supplementary 
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