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Abstract: Hemodynamic instability in patients with clozapine intoxication can indirectly reflect the serum concentration of clozapine. 
We have described a case of a 32-year-old pregnant woman who developed life-threatening clozapine toxicity at 28 weeks of gestation. 
The levels of clozapine and norclozapine in the serum were high. We initiated hemoperfusion(HP) and other detoxification therapies to 
remove the drug. The patient had severely dilated peripheral blood vessels, which led to cardiac symptoms such as fatal hypotension 
and uncontrollable tachycardia, resulting in very high cardiac output and elevated Central venous oxygen saturation (ScvO2). 
Pharmacological intervention significantly improved the hemodynamics.In light of our observations in the ongoing case, we posit 
that evaluating hemodynamic parameters before and after blood detoxification could serve as a valuable means to gauge effectiveness 
and provide guidance for treatment. 
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Background
Clozapine is an atypical antipsychotic used for the treatment of schizophrenia. One an average, two cases of clozapine 
intoxication are reported each year, of which some have fatal outcome. The common symptoms of clozapine poisoning 
are seizures, ileus, somnolence, hypotension and cardiac arrhythmia.1 In this report, we present the case of a patient who 
ingested 5 g clozapine, resulting in maximum measured concentration of 5930.75ng/mL, and exhibited significant 
hemodynamic disorders. To gain a deeper understanding of clozapine poisoning and its clinical management, it is 
important to consider the pharmacokinetics of clozapine. This includes examining the processes of absorption, metabo-
lism, and excretion that occur after ingestion, as well as their correlation with hemodynamic instability. By discussing 
these aspects, we can enhance our knowledge of clozapine poisoning and improve its clinical management.

Case Presentation
History of Presenting Complaint
A 32-year-old pregnant woman diagnosed with paranoid schizophrenia was admitted to the emergency room at a hospital 
in Anhui province, China after ingesting a toxic dose of 5 g (200*25 mg) of clozapine. The drug was taken 
approximately 4 hours before admission. The patient was febrile (38.5°C) and in coma on admission, and had an 
elevated respiratory rate (26 per minute) and tachycardia (146 per minute). The patient was treated with endotracheal 
intubation, gastric lavage, fluid resuscitation, etc. She was transferred to our hospital 7 hours after clozapine ingestion, 
and transferred to the intensive care unit (ICU) 3 hours later.
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Past Psychiatric History
The patient had a 14-years-long history of schizophrenia, and had been taking clozapine 100mg/d, aripiprazole 20mg/d 
and lithium carbonate (the dose is unknown).She has not lost weight, and the dosage has not been adjusted with the help 
of a doctor. She is 28 weeks pregnant at present and has been prescribed clozapine 50mg/d and aripiprazole 20mg/d. The 
patient had overdosed on clozapine twice in the past.

Progress During ICU Admission
The patient was in coma upon arrival with fluctuating consciousness, and was placed under sedation. Initial examination 
in the ICU revealed Glasgow score of 5, blood pressure 113/60 mmHg, heart rate 129 beats per minute (bpm), respiratory 
rate 16 breaths per minute, and rectal temperature 38.5°C. Physical examination did not yield any substantial informa-
tion. Laboratory tests revealed high leukocyte count (10.4*10^9/L) and neutrophilia (9.4*10^9/L), anemia (hemoglobin 
110g/L), hyponatremia (129.4mmol/L), hypokalemia (3.42mmol/L), hypoproteinemia (34g/L), and elevated procalcito-
nin (PCT) (0.956ng/mL), interleukin-6 (IL-6) (459.48pg/mL), D-dimer (11.55mg/L) and troponin T (TNT) (0.082ug/L). 
Arterial blood gas analysis indicated hypoxemia and metabolic acidosis with pH 7.441, PCO2 25.3 mmHg, PO2 71.6 
mmHg, Lac 4mmol/L, HCO3 17.4mmol/L and BE 4.7mmol/L. The electroencephalogram (ECG) showed sinus tachy-
cardia, with heart rate 137 bpm and QT interval 421 ms (Figure 1).

The patient remained unconscious with minimal sedation throughout the first day of her stay in the ICU, and was put 
on mechanical ventilation. Routine supportive measures were taken, such as continuous ECG and respiratory monitoring, 
maintenance of fluid and electrolyte balance, diuretics, and protection of liver and kidney function. The patient was 
hemodynamically stable and required modest vasopressors, including esmolol, norepinephrine, and terlipressin, to 
maintain blood pressure. The first hemoperfusion (HP) was performed 2 hours after admission (about 12 hours after 
taking clozapine). Blood samples were drawn to measure serum levels of clozapine and its metabolite norclozapine, 
which were 5930.75ng/mL and 1048.47ng/mL respectively.

A febrile episode of 39.1°C was recorded the following day (about 24 hours after taking clozapine). The patient also 
developed fatal hemodynamic instability with blood pressure 85–93/39-43 mmHg, heart rate 145–160 bpm, and 
respiratory rate 26 breaths per minute. Arterial blood gas analysis revealed pH 7.411, PCO2 21.5 mmHg, PO2 94.4 
mmHg, Na+ 140mmol/L, K+ 3.07mmol/L, Lac 1mmol/L and BE 8.9mmol/L, and ScvO2 measurement showed pH 
7.394, PCO2 25.6 mmHg, PO2 46.5 mmHg, SO2 81%, Na+ 140.1mmol/L, K+ 3.66mmol/L, Lac1.0mmol/L, BE- 
7.3mmol/L. The ECG showed sinus tachycardia, with heart rate of 127bpm and QT interval 406ms (Figure 2). Pulse 
index continuous cardiac output (PICCO) monitoring is useful for determining the fluid infusion volume for patients with 
shock, and is evaluated in terms of cardiac index (CI), central venous pressure (CVP), global end diastolic volume index 

Figure 1 Electrocardiography of the patient on admission.
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(GEDI), global ejection fraction (GEF), intrapleural blood volume index (ITBVI), extravascular lung water index 
(EVLWI) and systemic vascular resistance index (SVRI). The first PICCO hemodynamic monitoring showed that CI 
was significantly higher, SVRI was significantly lower, and ITBVI and EVLWI were higher (Table 1). Accordingly, the 

Figure 2 Electrocardiography of the patient showing sinus tachycardia about 24 hours after taking clozapine.

Table 1 The First PICCO Hemodynamic Monitoring Results

Parameter Monitoring Results Normal Range

CI (L/min/m2) 9.63 3.0–5.5

ITBVI (mL/m2) 1001 850–1000

GEDVI (mL/m2) 801 680–200

SVRI (dyn*s*cm−5*m2) 365 1200–2000

EVLWI (mL/m2) 11.4 3.0–7.0

SVI (mL/m2) 64.6 40–60

GEF 34% 25–35%

dPmax (mmHg/s) 984 1200–2000

LVSWI (kg/min.m2) 54.5 40–60

SVV 8% ≤10%

HR(bpm) 149 60–100

ABP(MAP)(mmHg) 110/42 (62) 70–90

CVP(mmHg) 18 2–10

ScvO2 81% 60–80%
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patient was given esmolol (0.1mg/kg/min) to control heart rate, and the combination of norepinephrine (2µg/kg/min) and 
terlipressin (0.03u/min) to increase peripheral vascular resistance. The dosage of the vasopressors drugs was adjusted 
according to PICCO results (Table 2).

The serum concentrations of clozapine and norclozapine were continuously monitored during hospitalization to 
evaluate the treatment effect (Figure 3). HP was performed on the 2nd, 3rd, 4th, 8th, 9th and 11th days after admission, 
and plasma exchange was performed on the 4th and 5th days to remove clozapine and norclozapine from the blood. HP 
decreased the serum concentration of clozapine and norclozapine. Furthermore, continuous veno-venous hemodiafiltra-
tion was performed during the first week of hospitalization to remove any inflammatory mediators and prevent an 
inflammatory reaction. Symptomatic treatment was also given, such as protection of gastric mucosa, nutritional support 
and prevention of deep vein thrombosis.

The vasopressor dependency index (VDI)2,3 was used to evaluate the relationship between the vasopressor infusion dose and 
MAP using the following equation: dobutamine dose� 1ð Þþ dopamine dose� 1ð Þþ norepinephrine dose� 100ð Þþð

vasopressin� 100ð Þþ epinephrine� 100ð ÞÞ =MAP. Epinephrine, norepinephrine, dobutamine, and dopamine are expressed 
as µg/kg/min and vasopressin as units/min. Consistent with the decline in clozapine, the VDI index gradually decreased during 
the course of the disease. During drug redistribution however, the clozapine levels recovered and the VDI index increased 
simultaneously (Table 3 and Figure 4). Thus, there was a positive correlation between VDI index and serum concentration of 
clozapine (Figure 5).

Table 2 The Patients Were Monitored by PICCO Hemodynamics and the Dosage of the Vasopressors Drugs

Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9

CI 9.63 8.21 6.54 5.79 4.8 5.2 5.02 4.86

ITBVI 1001 963 1003 834 797 961 820 737

GEDVI 801 771 803 667 638 689 656 590

SVRI 365 575 807 773 1000 1092 1034 953

EVLWI 11.4 1.1 12.4 9 9.7 8.8 8.5 8.1

SVI 64.6 63.6 55.9 53.6 50.5 59.1 86.6

CFI 8.6 9.1 7.9 8 8.1 8.7

GEF 34% 35% 30% 34% 35% 36% 35% 36%

dPmax 984 879 1066 814 639 1243 986 838

LVSWI 54.5 61.5 64.6 52.5 52.5 66.7 82.4 41.9

SVV 8% 20% 11% 24% 9% 15%

HR 149 129 117 108 95 88 94 98

ABP(MAP) 110/42 (62) 113/71 122/69 (85) 103/58 (72) 114/72 (78) 131/65 (83) 107/54 (70) 61

CVP 18 12 19 16 15 12 5 4

ScvO2 81% 87.7% 86.7% 88%

Vasopressors Norepinephrine  

(ug/kg/min)

0.46 1.6 1.2 0.4 0.06 0.04 0 0

Terlipressin  

(Unit/min)

0 0.05 0.05 0.05 0.03 0.017 0 0

Antiarrhythmic 

drugs

Esmolol (mg/kg/ 

min)

0.1 0.17 0.17 0.11 0.06 0 0 0
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Progress and Outcome
The patient regained consciousness after three days in the ICU, and was able to obey instructions. In addition, the patient 
was hemodynamically stable and did not require any vasopressors drugs to maintain her blood pressure after one week. 

Figure 3 The serum concentrations of clozapine and norclozapine during hospitalization.

Table 3 The Clozapine Levels and the VDI 
Index During Hospitalization

The Serum Concentrations  
of Clozapine (ng/mL)

VDI Index

5930.75 0.2

3589.22 2.2

2816.94 1.712329

2140.98 1.582278

1876.49 1.193182

2954.39 0.872093

1780.15 0.529412

2316.28 0.602273

1769.08 0.244681

781.44 0.064773

768.88 0.072826

132.23 0.052632

98.19 0.028169

67.83 0.089552

Notes: VDI is calculated as following: 
dobutamine dose� 1ð Þþ dopamine dose� 1ð Þþ norepinðð

ephrine dose� 100Þþ vasopressin� 100ð Þþ epinephrine�ð

100ÞÞ=MAP.Epinephrine, norepinephrine, dobutamine, and 
dopamine are expressed as µg/kg/min and vasopressin as 
units/min.
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She was extubated on day 7 of ICU admission, and no further respiratory sequelae were observed. At this stage, the 
serum levels of clozapine and norclozapine decreased to 781.44ng/mL and 1021.32ng/mL respectively. She was 
discharged after 14 days in the hospital, and the clozapine and norclozapine levels were 67.83 ng/mL and 209.11 ng/ 
mL respectively. Incredibly, her fetus was still alive and there were no signs of labor.

Discussion
Clozapine is a second-generation, antipsychotic, neuroleptic dibenzodiazepine drug that is prescribed for schizophrenia 
patients who are unresponsive to frequently used antipsychotics or have other psychotic disorders.4 It is the most 
frequently used antipsychotic drug in mainland China, although its prescription rate seems to have decreased recently.5 In 
some regions of China, clozapine is prescribed to almost 76.1% of the schizophrenia patients.6 Acute clozapine 
intoxication is a serious condition with a mortality rate of 12%.3 However, no systematic study so far has focused on 
the characteristics and outcomes of acute clozapine intoxication.

Clozapine can bind to a multitude of receptors and pharmacologically active metabolites. However, the exact 
mechanism underlying its antipsychotic effects is unknown. Clozapine has a minor affinity for the dopamine D2 receptor 
but relatively higher affinity for both D1 and D4 receptors. In addition, clozapine also has a high affinity for the 5-HT2A 
receptor, along with partial agonistic action, which likely contributes to the low risk of EPS. The strong binding affinity 

Figure 5 A positive correlation between VDI index and serum concentration of clozapine.

Figure 4 The clozapine levels and the VDI index during hospitalization.
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of clozapine for muscarinic receptors, as well as the partial and full agonistic activity of its metabolite desmethylclo-
zapine on some muscarinic receptor subtypes, may contribute its the unique mechanism. Furthermore, clozapine is an 
agonist of the NMDA receptor glycine site and improves glutamatergic homeostasis through different pathways.7–9

The acceptable serum concentration of clozapine in schizophrenia patients is 350–400ng/mL. However, considerable 
variations have been observed in the symptomatic responses and side effects of individual patients. Some cases have 
demonstrated that in other instances of clozapine toxicity, altered consciousness and cardiac arrhythmias may be the 
predominant manifestations. Although the definite serum concentration of clozapine that is associated with toxicity 
remains unclear, adverse effects are more likely to occur when the serum levels are above 600–1000ng/mL.10 However, 
a peak serum level of 24,000ng/mL? is the highest reported dose of clozapine with a non-fatal outcome. Our patient was 
pregnant and had been taking clozapine 100mg/d over a long period of time. She was brought to the emergency 
department four hours after ingesting 200 clozapine 25 mg tablets. After hospitalization, the levels of clozapine and 
norclozapine levels were 5930.75ng/mL and 1048.47ng/mL respectively. Although it is controversial whether prolonged 
clozapine intake increases the tolerance of patients to acute intoxication, it is reasonable to hypothesize that pre-treatment 
with clozapine will affect the severity of intoxication. However, a retrospective study of 73 cases with acute clozapine 
mono-intoxication did not confirm this hypothesis, and showed no significant correlation between clozapine pre- 
treatment and the severity of intoxication.11

In addition to drug–drug interactions, smoking, caffeine consumption, infection and inflammation contribute to 
clozapine intoxication.12,13 During pregnancy, the cardiovascular, hematological, digestive and urinary systems undergo 
considerable changes, which affect drug pharmacokinetics. After 12 weeks of pregnancy, the serum levels of clozapine 
and norclozapine gradually increase due to the decrease in the concentration of drug binding proteins in the plasma.14 

Clozapine use during pregnancy may increase the risk of obesity, hypertension and gestational diabetes.However, the 
data on common pregnancy and birth complications, such as miscarriage, stillbirth, preterm birth, small for gestational 
age, neonatal adaption and childhood neurodevelopment, are overall insufficient to provide confident estimates of the 
effect of taking clozapine during pregnancy.15 Our patient was diagnosed with gestational diabetes, which is consistent 
with previous studies.16

Patients with clozapine poisoning typically present with altered consciousness ranging from somnolence to coma or 
agitation, along with delirium, tachycardia, blood pressure abnormalities and seizures. Fatal intoxication may manifest as 
cardiorespiratory arrest or severe respiratory depression, or may be the consequence of aspiration pneumonia. Cardiac side- 
effects such as hypotension, tachycardia, myocarditis and prolonged QT interval are also observed with clozapine, which is 
an atypical neuroleptic.17,18 Blood pressure abnormalities due to clozapine intake are presumably due to its antagonistic 
effect on alpha-adrenergic receptor and calcium ions, inhibition of the central pressor reflex and weakened myocardial 
contractility. Peripheral vasodilation and the anticholinergic effect of clozapine can lead to tachycardia. In addition, 
clozapine affects cardiac electrical activity by blocking the ion channels of myocardial cells, including fast sodium influx 
channel (FINA), slow calcium influx channel (ICA) and potassium outflow channel (IK), and blocks the fast activation 
delayed integration potassium (IKr).19,20 Our patient presented with severe tachycardia, fatal hypotension and significantly 
decreased peripheral vascular resistance, all of which are consistent with clozapine-associated cardiotoxicity. On the basis of 
hemodynamic monitoring, we gave the patient esmolol, a short acting and highly selective β1 receptor blocker, to reduce 
heart rate. In addition, the a2 receptor agonist norepinephrine and the selective V1 receptor agonist terlipressin were also 
given in combination to constrict the blood vessels and increase peripheral vascular resistance.

The current guidelines for treating clozapine intoxication recommend treatment selection based on the clinical 
symptoms.21 There is currently no specific antidote for acute clozapine intoxication. A combination of symptomatic 
treatment and blood purification can alleviate the effects of poisoning by reducing drug absorption and accelerating drug 
clearance.22 HP is an extracorporeal drug removal intervention wherein blood is passed over an adsorbent structure to 
directly remove the toxic substances. It is particularly effective against drugs with high protein binding capacity, high 
molecular weight, lipid solubility and small volume of distribution. Clozapine is a lipid-soluble compound of molecular 
mass 326.83d and protein binding rate > 90%. Therefore, it meets 3 criteria for HP, with the exception for its large 
volume distribution (2–5 L/kg).23 In a retrospective chart review, patients with clozapine poisoning who underwent HP 
regained consciousness significantly faster than their counterparts with the same plasma level of clozapine (>2000 ng/ 
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mL) who did not undergo the procedure. A combination of HP and symptomatic treatment is the best therapeutic option 
when plasma clozapine concentration is high. Blood samples were drawn regularly during hospitalization to measure 
serum levels of clozapine/norclozapine continuously and dynamically. Both decreased significantly before and after HP. 
Once HP removes a large amount of clozapine from the plasma, it is redistributed to maintain its concentration, resulting 
in decreased levels in the vital organs.24

The patient also underwent plasma exchange, an extracorporeal process wherein a large volume of whole venous 
blood is drawn, and the plasma is separated. The remaining blood components are infused back into the patient. 
Replacement fluids such as albumin or fresh-frozen plasma may be used. Plasma exchange can remove toxins that 
bind to plasma proteins, reduce the toxicological effects of any residual drug and prevent drug redistribution.25 In order 
to remove other small and medium-sized toxins and inflammatory mediators, we also performed continuous veno-venous 
hemofiltration (CVVH). If it is not possible to monitor the blood concentration of clozapine, we can indirectly assess its 
drug concentration through its hemodynamic instability and administer corresponding blood purification therapy.

Conclusions
To summarize, we have described a case of a 32-year-old pregnant woman who developed life-threatening clozapine 
toxicity at 28 weeks of gestation. The levels of clozapine and norclozapine in the serum were high due lower 
concentrations of drug binding proteins. We therefore initiated HP and other detoxification therapies to remove the 
drug. The patient had severely dilated peripheral blood vessels, which led to cardiac symptoms such as fatal hypotension 
and uncontrollable tachycardia, resulting in very high cardiac output and elevated ScvO2. According to the hemodynamic 
parameters monitored by PICCO, we administered the β1 receptor blocker esmolol, a2 receptor agonist norepinephrine, 
and selective V1 receptor agonist terlipressin. Pharmacological intervention significantly improved the hemodynamics.

Once the clozapine binding sites are saturated, the concentration of the free drug in the plasma increases significantly, 
which is responsible for recurrent hemodynamic instability. Interestingly, only one study has reported severe hemody-
namic instability due to clozapine toxicity. Based on our findings in the current case, we hypothesize that hemodynamic 
instability in patients with clozapine intoxication can indirectly reflect the serum concentration of clozapine. 
Hemodynamic monitoring before and after blood detoxification can help assess the efficacy and guide treatment.

Abbreviations
ICU, intensive care unit; ScvO2, Central venous oxygen saturation; PICCO, Pulse index continuous cardiac output; CI, 
cardiac index; CVP, central venous pressure; GEDI, global end diastolic volume index; GEF, global ejection fraction; 
ITBVI, intrapleural blood volume index; EVLWI, extravascular lung water index; SVRI, systemic vascular resistance 
index; VDI, vasopressor dependency index; HP, Hemoperfusion; CVVH, continuous veno-venous hemofiltration; PE, 
Plasma exchange.
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