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Abstract

encing high-dose clozapine poisoning.

Background Clozapine is a highly effective second-generation antipsychotic with few extrapyramidal reactions,
making it a preferred choice among clinicians. However, instances of acute clozapine poisoning resulting from suicide
attempts and misuse have been reported. Through our review of existing literature, we identified that we believe

to be the highest recorded overdose of clozapine in elderly patients, resulting in a nonfatal outcome.

Case presentation The case report involves a 71-year-old female with a history of depression who ingested a dose
of 10,000 mg of clozapine. Approximately 6 h after the overdose, the clozapine level was 5,200 pg/L, significantly
surpassing the recommended therapeutic concentration range of 350-600 ug/L. After gastric lavage and hemop-
erfusion, the blood level dropped to 1847.11 pg/L. Notably, during therapeutic drugs monitoring (TDM), we found
a perplexing spike in the patient’s blood level to 5554.15 ug/L after the second hemoperfusion.

Conclusion In this case we mainly focused on the abnormal fluctuations in the concentration of clozapine. We
conducted a comprehensive analysis of potential factors contributing to this abnormal phenomenon in terms

of the patient’s age, clinical symptoms, various laboratory test indexes, and the pharmacokinetics of clozapine. Our
findings underscore the importance of timely TDM and the precision of results in managing elderly patients experi-
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Background

Clozapine, one of the dibenzodiazepine drugs, is com-
monly used in antipsychotic treatment. In contrast to
typical antipsychotics, it does not produce significant
extrapyramidal side effects. Clozapine has been utilized
as an antipsychotic drug due to its simultaneous affin-
ity for both dopamine and serotonin receptors. It can
improve the positive symptoms of schizophrenia patients
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by blocking the dopamine 4 receptor(DA4R) on the mes-
olimbic dopamine pathway and promote the release of
dopamine by blocking the 5-hydroxy tryptamine receptor
in the brain, and then reduce its negative symptoms [1].
Clozapine is well absorbed after oral administration
which does not affect its bioavailability. However, fixed
oral doses of clozapine can produce up to 45-fold inter-
individual variability in blood concentration [2]. There-
fore, therapeutic drug monitoring (TDM) is necessary for
safe and effective medication administration and treat-
ment of clozapine overdose [3]. According to the 2017
AGNP guidelines, the recommended therapeutic drug
concentration range for clozapine is 350-600 pg/L, and
the laboratory alert concentration is 1000 pg/L, which
increases the risk of drug intoxication. The laboratory
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must give feedback immediately to the prescribing phy-
sician [4]. Generally, the blood concentration of patients
with clozapine overdose will gradually decrease after
hemoperfusion [5]. However, several factors may affect
the clozapine blood concentration, such as sex, age, dose,
concomitant medications, and smoking history [6]. Many
case reports have linked infection with a blood clozapine
concentration increase [7]. Compared to other popula-
tions, recent research suggests that individuals of Asian
descent tend to exhibit lower metabolism of clozapine,
as well as higher clozapine concentration-to-dose ratios
(C/D), indicating lower clearance is significantly associ-
ated with blood clozapine concentration increase [8].
Based on the literature we have retrieved, massive-dose
clozapine administration in elderly females (>70 years)
have rarely been reported. In the current study, we report
a case of abnormal blood concentration changes in a
71-year-old female who survived a 10,000 mg overdose of
clozapine and tried to explore the possible causes.

Case presentation

A 71-year-old female, diagnosed with depression 20 years
ago, was admitted to the emergency room on this occa-
sion with the primary symptoms of nausea, vomiting, and
impaired consciousness for 6 h after taking 400 clozapine
tablets (25 mg/tablet). The patient had a history of dia-
betes mellitus, hypertension, coronary artery disease, and
post-stenting. The examination showed a drowsy state,
hypotension, muscle tremor, and rapid heart rate. As
medical technologists, we used liquid chromatography-
mass spectrometry technology to detect blood clozapine
concentration, the initial concentration was 5200 pg/L,
nearly nine times above the upper limit of the therapeutic
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concentration reference range. She was diagnosed with
a clozapine overdose after a differential diagnosis. After
gastric lavage and the first hemoperfusion, the blood clo-
zapine concentration dropped to 1847.11 pg/L. However,
this result was still higher than the laboratory alert con-
centration. So, the second hemoperfusion was admin-
istered, and then the second blood sample was sent to
our laboratory to detect the real-time blood clozapine
concentration.

Unexpectedly, the result significantly increased from
1847.11 pg/L to 5554.15 pg/L, exceeding the initial result.
We scrutinized the laboratory data. Then, we immedi-
ately communicated with the clinical physician and knew
that the patient’s clinical symptoms were not significantly
better than before. She had a fever accompanied by spu-
tum, and her arterial blood gas indicated hypoxemia.
Several vital laboratory indicators were elevated, includ-
ing inflammatory indexes and cardiac markers (Table 1).
This abnormal blood clozapine concentration increase
may be related to delayed absorption, and we recom-
mend continuous monitoring of blood clozapine con-
centration. The patient was transferred to the intensive
care unit based on those conditions. In order to acceler-
ate the clearance of clozapine in the body, hemoperfusion
was adjusted to twice a day. Fluid infusion and diuresis
were continuously administered, and the patient’s blood
clozapine concentration was monitored. The monitor-
ing results are shown in Table 1. On Day 8 of the hos-
pitalization, the blood clozapine concentration decreased
to 1808.37 pg/L. Nevertheless, on the next day, a similar
concentration fluctuation happened as before.

The blood clozapine concentration rose to 2303 pg/L,
which increased by 27% compared with the result of

Table 1 Clinical and laboratory indicators during the patient’s hospitalization

Indicators Day0 D1 D2 D4 D5 D6 D7 D8 D9 D10 D11 D12 D13 D28
HR (bpm) 118 134 120 128 118 106 113 130 120 118 120 108 110 87
Pulse(rate/min) 126 126 126 118 104 108 110 116 108 120 118 104 118 82
BP (mmHag) 88/29 121/44 93/53 113/57 91/35  91/42  103/43 128/41 143/60 130/81 131/55 142/73 145/67 109/51
cTnl(ng/mL) 001 004 001/ / / / / 0.07 0.04 0.04 0.02 / /
NT-ProBNP(pg/mL) / 539 434 293 389 1100 1050 1030 18890 16300 12500 7970 / 566
WBC(x 10/L) 1298 1461 2046 1714 14.49 11.07 13.77 11.82 18.32 13.51 122 14.46 1924/
PCT (ng/mL) / 0064 / 1.32 218 / 1348/ 1.1 0717 02064 / 0.201  0.06
ALT(U/L) / 31 23 43 43 42 39 / 66 41 / 31 / /
AST(U/L) / 26 35 48 41 49 45 / 92 37 / 35 / /
GGT(U/L) / 31 27 40 46 76 107 / 175 128 / 73 / /
TBIL(umol/L) / 22.1 171 212 289 123 139 / 12.3 20.1 / 32 / /
UREA (mmol/L) / 2.69 1.9 4.55 10.22 6.99 6.4 6.95 10.5 1432 16.04 14.1 / /
CREA(umol/L) / / / 91 93 92 97 102 288 123 98 74 80 31
Clozapine(ug/L) 5200 184711 / 555415 415066 3389.82 289142 180837 230530 / 1084.58 / 49546 2636
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Day 8. After reviewing medical records, we found that
the clinical physician stopped the administration of
hemoperfusion after Day 8, and several vital laboratory
indicators (e.g., Creatinine, CREA; UREA; N-terminal
Pro-Natriuretic Peptide, NT-ProBNP, y-glutamyl trans-
petadase, y-GGT) were raised in varying degrees. After
communicating this abnormal blood concentration
increase with the clinical physician, we recommend con-
tinuing hemoperfusion based on other necessary medi-
cal treatments and monitoring the blood levels two days
later. Afterward, another hemoperfusion, anti-inflamma-
tory, and anti-heart failure treatment were administered.
On Day 11, the result decreased to 1084.58 pg/L, which
decreased by 53% compared to Day 9 (Fig. 1). After
14 days of routine maintenance therapy, the patient’s
blood clozapine concentration decreased to the therapeu-
tic concentration range, and her mental state improved.
She was transferred from the intensive care unit to the
general ward to continue treatment until stabilized.

Discussion

Generally, the routine oral dose of clozapine tablet is
25 mg/d, and the maximum dose is 600 mg/d. Some
patients (e.g., rapid metabolizers, smokers) may require
higher doses (e.g., 900 mg/d) to achieve therapeu-
tic blood concentrations. Patients will likely experi-
ence adverse reactions when their blood concentration
exceeds 600 pg/L [9]. According to pharmacokinetics, the
oral absorption of clozapine is fast and complete, and it is
distributed rapidly and widely to all tissues after absorp-
tion with high lipid solubility. For its bioavailability, the
average individual variation was 50%-60% and it has a
hepatic first-pass effect. The peak plasma concentra-
tion is reached 3.2 h (1-4 h) after dosing, the elimination
half-life is 12-16 h on average, the apparent volume of
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distribution (Vd) is 4.04—13.78L/kg, and the protein bind-
ing rate is up to 94% [10]. Clozapine plasma levels show
a 20-fold variability at the same dose (mg) taken [11]. It
is mainly metabolized in the liver [12], and 80% excreted
as metabolites in the urine and feces. Moreover, renal
clearance and metabolism are significantly reduced in the
elderly at the same dose with a specific body weight [13].
According to some reports, accidental overdose leading
to death by poisoning has occurred occasionally [14]. To
our knowledge, this case is the oldest one to date that
has survived treatment after taking such a recorded high
dose. By exploring the reference database, some reports
lacked continuous blood concentration results [15], oth-
ers didn't accurately quantify the levels, especially the
upper limit level [16].

Theoretically, after a series of treatments such as gas-
tric lavage and hemoperfusion, the blood clozapine con-
centration should show a downward trend. In this case,
however, we found the abnormal fluctuations (Fig. 1).
After these abnormal blood concentration changes, we
double-checked and investigated each batch’s sample
pre-treatment, loading, quality control, and calibration
curve in the testing process without any problems. In the
meantime, we learned from the physicians that the clini-
cal manifestation of the patients was consistent with the
test results.

Several factors play roles in determining the blood clo-
zapine concentration. Firstly, the patient was a female
over 70, and the abnormal blood clozapine changes may
be related to the decreased clearance due to age and sex
[17]. Secondly, clozapine is metabolized primarily by
human cytochrome P450 (CYP) isozyme 1A2 [18]. Sys-
temic infection and inflammation may inhibit CYP450
enzymes, potentially leading to the risk of raised clozap-
ine levels in people hospitalized for severe infections.
Cytokines released in systemic inflammation with or
without infection increase blood clozapine concentra-
tion by inhibiting the metabolism of CYP1A2 [19]. This
outcome can be seen in Fig. 1. There was a rapid increase
in blood procalcitonin (PCT) concentration on Day 4 and
Day 5. The blood PCT concentration was still elevated
on Day 9. Therefore, the patient’s systemic inflammation
may have contributed to increased blood clozapine con-
centration. In addition, it is generally shown that the drug
has been excreted to the small intestine after six hours
of oral administration [20], but after taking large doses,
many more clozapine tablets are embedded in the folds
of the gastric mucosa for a more extended period and
have not yet been excreted into the intestine [21], cou-
pled with the fact that the tablet forms a block when it
enters the stomach, making it difficult to dissolve and
absorb. Timely gastric lavage and first hemoperfusion
only clear metabolism partly in blood, which results in
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the decrease of blood clozapine concentration. For gas-
tric motility and emptying were inhibited, metabolism
accumulated continuously, which may significantly influ-
ence the re-increase in blood clozapine concentration.

Moreover, the use of hemoperfusion removes toxins
from the blood in order to prevent the patient’s body
from continuously taking up toxins and reduces the con-
centration of drugs in the blood [22]. Due to different
sorbents, the clearance may be unsatisfactory, which can
be improved by increasing the frequency of hemoperfu-
sion [23]. On Day 8, however, judged by the decreased
blood concentration, the patient did not receive another
hemoperfusion, which may cause the re-increase of
blood concentration.

To obtain good efficacy through individualized medica-
tion, TDM of clozapine is necessary as is highly recom-
mended in 2017 AGNP guideline(Grade 1), especially
for elderly patients who are complicated with chronic
diseases and taking other drugs. Due to high sensitivity,
accuracy, and excellent linear range, liquid chromatogra-
phy-mass spectrometry is one of the best alternatives to
monitor blood clozapine concentration [24]. Addition-
ally, in the emergency poison screening, a comprehensive
consideration of pharmacokinetics and factors directly
or indirectly affecting blood concentration is crucial. In
cases where laboratory results are inconsistent with the
patient’s clinical symptoms, proactive communication
with clinicians and a multifaceted exploration, including
medical history, treatment plans, drug interactions, and
other laboratory indicators, may adequately provide valu-
able guidance for further clinical treatment.

Conclusions

Our case presents the highest reported blood clozapine
level in an elderly woman (71 years old) who survived
an overdose of 10,000 mg. This emphasizes the impor-
tance of clinical vigilance for unusual changes in blood
drug concentrations following routine gastric lavage and
hemoperfusion.

Abbreviations
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TDM Therapeutic drug monitoring
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