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Introduction: Clozapine and constipation/
paralytic ileus
Clozapine is the most efficacious antipsychotic 
drug in treatment-resistant schizophrenia.1

Besides this superior efficacy it has a very com-
plex adverse reaction profile. Clozapine has  
several potentially life-threatening side effects, 
such as agranulocytosis, diabetic ketoacidosis, 

constipation and myocarditis. Other side effects 
include weight gain, metabolic effects, sedation, 
and hypersalivation.

Constipation is often neglected and underesti-
mated. A meta-analysis of 32 studies established 
a prevalence of clozapine-associated constipation 
of 31.2%.2 If left untreated, constipation can 
cause serious complications such as bowel 
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Abstract: This case report examines the possible correlation between the clozapine/
norclozapine ratio and the occurrence of constipation and paralytic ileus. We present the 
case of a 42-year-old patient diagnosed with schizoaffective disorder undergoing clozapine 
therapy. Despite intensive treatment with clozapine, haloperidol, valproic acid and biweekly 
electroconvulsive therapy sessions for over a year, florid psychotic symptoms and fluctuating 
mood swings persisted. Therefore, valproic acid was replaced by carbamazepine, a potent 
inducer of several CYP450-enzymes. To maintain clozapine plasma levels, fluvoxamine, a 
CYP1A2-inhibitor, was introduced at a dose of 25 mg before this switch. After addition of 
carbamazepine, there was a significant decline in clozapine levels, necessitating an increase in 
fluvoxamine dosage to 50 mg. Five weeks later the patient was admitted to a general hospital 
with a diagnosis of paralytic ileus. Treatment with enemas proved effective. Drug concentration 
analysis revealed a 2.5-fold increase in norclozapine levels in the weeks preceding hospital 
admission, resulting in an inverted clozapine/norclozapine ratio. Treatment with clozapine, 
carbamazepine and fluvoxamine was continued as the patient demonstrated clinical 
improvement on carbamazepine. Concurrently, an intensive laxative regimen was initiated. Two 
weeks later, the patient was readmitted to the general hospital due to suspected paralytic ileus 
and faecal vomiting, once again displaying an inverted clozapine/norclozapine ratio. We discuss 
potential mechanisms contributing to the occurrence of the paralytic ileus in this patient, 
including the antagonism of muscarinic M3 receptors by both clozapine and norclozapine, 
as well as the agonism of delta-opioid receptors by norclozapine. This case highlights the 
potential significance of both the clozapine/norclozapine ratio and absolute norclozapine levels 
as risk factors for constipation and paralytic ileus in patients on clozapine therapy.
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obstruction, paralytic ileus, colon perforation, 
aspiration of faecal vomitus and bacterial sepsis.3

Complications of constipation are among the 
major causes of death in clozapine patients.4 Data 
from VigiBase, the World Health Organisation’s 
global database, showed that with 326 deaths out 
of 2814 cases of ‘broad constipation’ (constipa-
tion, toxic megacolon and paralytic ileus) the rel-
ative mortality was 12%. Inpatient setting2 and 
anticholinergic co-medication5 are co-occurring 
risk factors for constipation.

Here, we present (following the CARE 
Guidelines6) a patient on clozapine therapy who 
developed paralytic ileus after switching from val-
proic acid to carbamazepine. We describe how an 
altered clozapine metabolism resulting from a 
pharmacokinetic interaction could have contrib-
uted to the occurrence of paralytic ileus.

Case description
A 42-year-old male smoker of mixed African/
Caucasian descent diagnosed with schizoaffective 
disorder (295.70A, DSM-V) had several admis-
sions to a psychiatric hospital over the last 
20 years. Since 2019, he stayed in a specialized 
long-term closed ward for patients with serious 
mental illness and extremely disruptive/aggressive 
or otherwise dangerous behaviour for whom 
treatment in a regular ward did not result in 
improvement. The schizoaffective disorder mani-
fested as chronically present florid psychotic 
symptoms (auditory hallucinations, paranoid and 
grandiose delusions) and fluctuating mood states, 
often featuring a manic presentation character-
ized by an agitated mood. Profound impulse con-
trol disturbances were evident, marked by 
multiple incidents of aggression. Driven by psy-
chotic convictions, the patient severely assaulted 
his mother.

Clozapine therapy was started in 2005 but several 
times discontinued, the last time in 2018, because 
the patient developed severe constipation, leading 
to hospitalization with suspected ileus. In January 
2019, clozapine was restarted and titrated to ther-
apeutic plasma levels. In 2019, plasma levels of 
clozapine fluctuated between 347 and 672 µg/l, 
and plasma levels of norclozapine were between 
230 and 520 µg/l. Comedication at that time con-
sisted of lithium carbonate (1200 mg at bedtime) 
and zuclopenthixol long-acting injection (LAI, 
200 mg every 2 weeks). In 2020, higher clozapine 

plasma levels – even above 1000 µg/l – were 
reached, but severe psychotic symptoms per-
sisted. Zuclopenthixol LAI was substituted with 
haloperidol LAI (225 mg every 2 weeks, later 
switched to oral haloperidol), yielding some 
reduction in dysphoria. Nevertheless, the patient’s 
psychotic state persisted unaltered. In September 
2020, biweekly electroconvulsive therapy (ECT) 
was initiated. By May 2021, the lithium was 
stopped due to cognitive side effects, and in 
September 2021, valproic acid (2 g once daily) 
was introduced. In 2021, before valproic acid 
addition, the mean clozapine/norclozapine ratio 
was 1.99 (mean clozapine plasma levels 957 µg/l 
and mean norclozapine plasma levels 481 µg/l, 
n = 39). After switching to valproic acid, the mean 
clozapine/norclozapine ratio increased to 3.15 
(mean clozapine plasma levels 716 µg/l and mean 
norclozapine plasma levels 227 µg/l, n = 62). After 
>1 year of biweekly sessions of ECT in combina-
tion with clozapine (plasma levels between 400 
and 1300 µg/l), haloperidol (plasma levels between 
10 and 15 µg/l) and valproic acid (plasma levels 
fluctuating around 80 mg/l), only minimal 
improvement was observed. There had been no 
further incidents of aggression; however, florid 
psychotic symptoms and fluctuating mood states 
persisted. The other drugs used were glycopyrro-
nium 2 mg at bedtime, lactulose 30 ml and 
memantine 20 mg. Lorazepam and droperidol 
were used as needed. The patient is an intermedi-
ate CYP2D6 metabolizer (CYP2D6 *2/*3) and 
an extensive metabolizer of CYP1A2 (CYP1A2 
*1/*1F), CYP2C9 (CYP2C9*1/*1), CYP2C19 
(CYP2C19*1/*1) and CYP3A4 (CYP3A4*1/*1). 
Patient’s BMI is 22.5 (height 171 cm, weight 
65.9 kg).

Because of the serious treatment-resistant symp-
toms, valproic acid was replaced by carbamaze-
pine. As carbamazepine is a strong inducer of 
several CYP450 enzymes and can decrease clo-
zapine levels, precautionary measures had to be 
taken. Firstly, fluvoxamine 25 mg was added to 
the medication to inhibit clozapine metabolism. 
Clozapine dose was adjusted from 600 to 500 mg 
once daily at the same time (Figure 1, arrow 1). 
Two weeks after starting fluvoxamine, carbamaz-
epine (200 mg twice daily) was added and valp-
roic acid was stopped (Figure 1, arrow 2). 
Clozapine levels decreased the next 2 weeks to 
370 µg/l, which was below baseline (460 µg/l 
before adding fluvoxamine). Therefore, both flu-
voxamine and clozapine doses were increased (to 
50 mg and 550 mg once daily, respectively) 
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(Figure 1, arrow 3). Patient took his pills under 
direct supervision of a nurse and always remained 
in sight for 30 min to avoid non-adherence.

A total of 5 weeks later, the patient was admitted 
to a general hospital after almost 1 week of no def-
ecation, nausea and vomiting. On the day of 
admission, eight sachets of macrogol were given, 
but he immediately vomited. Patient was diag-
nosed with paralytic ileus caused by clozapine. All 
oral medication was stopped, metoclopramide 
(against the nausea) and haloperidol were given 
intravenously.

Drug concentration levels showed increasing nor-
clozapine in the weeks before hospital admission, 
and an inverted clozapine/norclozapine ratio 
2 days before admission was observed (Figure 1, 
arrow 4). Clozapine level was 410 µg/l and norclo-
zapine level 510 µg/l.

Carbamazepine plasma levels fluctuated between 
5.2 and 8.0 mg/l in the weeks before admission.

Treatment of the ileus was conservative with ene-
mas and showed a good response. Clozapine was 
restarted the evening after admission, and the 
next day, the patient was dismissed from the hos-
pital back to the psychiatric hospital. Clozapine 
dose was reduced to 450 mg once daily to lower 
the anticholinergic burden. Carbamazepine was 
continued, and the dose was increased to 600 mg 
daily because psychiatric symptoms, especially 
the mood, had improved on carbamazepine. 
Although the psychosis remained unabated, the 
patient could, for the first time in years, join a 
family weekend because he was very friendly and 

cooperative. An intensive laxative treatment (with 
macrogol, lactulose, bisacodyl and enemas as 
needed) was started to prevent constipation.

Two weeks later, the patient was readmitted to 
the general hospital, suspected of paralytic ileus 
and faecal vomiting. Again, there was an inverted 
ratio, with clozapine level being 270 µg/l and  
norclozapine level 280 µg/l (Figure 1, arrow 5). 
After admission, the patient had spontaneous 
defaecation and was dismissed the next day. 
Glycopyrronium was stopped in the hospital due 
to its contraindication paralytic ileus. No hyper-
salivation was observed after stopping the glyco-
pyrronium tablets.

Discussion
Clozapine is metabolized by N-demethylation 
and N-oxidation, yielding norclozapine and the 
inactive metabolite clozapine-N-oxide. The main 
enzymes involved are CYP1A2 and CYP3A4, as 
shown in Figure 2. Other Cytochrome P450 
enzymes also contribute to N-demethylation7,8and 
N-oxidation.8

Norclozapine is further metabolized by conjuga-
tion with sulfate and glucuronic acid and elimi-
nated in urine.9 It also undergoes tubular 
secretion10 by an unknown renal transporter.

Carbamazepine, in addition to clozapine therapy, 
is not recommended in some countries due to its 
additive risk of agranulocytosis. In the Dutch 
guideline for the use of clozapine (Dutch 
Clozapine Collaboration Group11), carbamaze-
pine is mentioned as relatively contraindicated. 

Figure 1. Clozapine and norclozapine levels in time.
Arrow 0: ‘baseline’ plasma levels on clozapine 600 mg once daily + valproic acid; arrow 1: addition of fluvoxamine 25 mg, 
clozapine dose adjusted to 500 mg once daily; arrow 2: valproic acid replaced by carbamazepine; arrow 3: clozapine dose 
increased to 550 mg once daily, fluvoxamine dose increased to 50 mg; arrow 4: admission to hospital, diagnosed with 
paralytic ileus; after discharge clozapine dose decreased to 450 mg once daily and carbamazepine dose increased; arrow 5: 
readmission to hospital with suspected paralytic ileus.
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Our patient did not improve on other mood stabi-
lizers, memantine and numerous ECT sessions. 
Therefore, carbamazepine was started with fre-
quent haematologic monitoring.

Because carbamazepine is a potent inducer of 
CYP1A2 and CYP3A4, the dose of clozapine has 
to be increased by a factor of 1.5–2.12,13 In this 
patient, this would have been a dose above 900 mg, 
which is the licenced maximum dose. Instead of 
increasing clozapine dose, fluvoxamine (a strong 
CYP1A2 inhibitor) was added to prevent clozap-
ine levels to fall. Drug concentration levels were 
measured weekly, as shown in Figure 1.

Fluvoxamine strongly inhibited CYP1A2, 
increasing clozapine/norclozapine ratio (Figure 1, 
arrow 1). In this case clozapine/norclozapine ratio 
decreased and even inverted after addition of car-
bamazepine and increasing fluvoxamine dose to 
50 mg. Norclozapine levels increased from 200 to 
520 µg/l in 2 weeks.

Several factors may have contributed to 
increasing norclozapine levels in this patient
When clozapine’s main metabolic pathway 
(CYP1A2) is inhibited by fluvoxamine, other 
metabolic pathways like CYP3A4 and CYP2C19 
become more important. Carbamazepine is a 
strong inducer of several CYP450 enzymes, 
mainly CYP3A4, but also CYP1A2 and 
CYP2C19. CYP3A4 is involved in the formation 

of clozapine-N-oxide, as shown in Figure 2, but 
also of norclozapine,7 CYP2C19 is involved in 
the formation of norclozapine. Thus, more nor-
clozapine and clozapine-N-oxide are formed 
when carbamazepine is added to clozapine treat-
ment. Clozapine-N-oxide is not measured in rou-
tine daily practice.

Valproic acid is known to reduce norclozapine lev-
els in clozapine-treated patients by presystemic 
induction of UGT enzymes or efflux transport-
ers.14 Therefore, when valproic acid is discontin-
ued, norclozapine levels can increase. After 
discontinuing an inducer, it can take several weeks 
till concentrations return to baseline, which would 
explain why norclozapine levels did not increase 
immediately after discontinuing valproic acid in 
this patient. The clozapine/norclozapine ratio 
increased from 1.99 to 3.15 after switching from 
lithium to valproic acid; this was mainly due to 
decreased norclozapine levels. This corroborates 
the suggestion that stopping the valproic acid has 
contributed to increasing norclozapine levels and 
inversion of the clozapine/norclozapine ratio.

The pharmacogenetic profile showed that the 
patient is an intermediate metabolizer for CYP2D6. 
The role of CYP2D6 in clozapine metabolism is 
not exactly known but it appears modest.7,8 
Fluvoxamine is a substrate for CYP2D6. A small 
dose of fluvoxamine already can have a big impact 
on CYP1A2 metabolism in CYP2D6 intermediate 
metabolizers. In this case, the inducing effect by 

Figure 2. Clozapine metabolism.
In bold, the main enzymes involved.
CYP, cytochrome P450; FMO3, flavin-containing monooxygenase3 enzyme; N-desmethylclozapine, norclozapine; SULT’s, 
sulfotransferases; UGT’s, UDP-glucuronosyltransferases.
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carbamazepine was stronger than the inhibition by 
fluvoxamine, which is in contrast with interaction 
data12 and a previously published case report about 
this complex interaction between clozapine, carba-
mazepine and fluvoxamine.15

Several mechanisms may have contributed to 
the occurrence of paralytic ileus in this patient
First, antagonism of muscarinic M3 receptors in 
the smooth muscle of the colon may contribute 
to a reduction in colonic transit. Clozapine – a 
full antagonist of the M3 receptor – can cause 
gastrointestinal hypomotility.16 Although clozap-
ine plasma concentrations may be good predic-
tors of serum antimuscarinic activity,17 the 
association between clozapine plasma concentra-
tions and constipation is unclear. A systematic 
review and meta-analysis of the association 
between clozapine and norclozapine serum levels 
and peripheral adverse drug reactions included 
seven studies regarding constipation.18 Six of the 
seven studies found no significant correlation 
between plasma clozapine levels and constipa-
tion. Only one study found that higher clozapine 
levels correlated with longer colonic transit 
times.16 So, antagonism of muscarinic receptors 
by higher clozapine levels might not be the key 
mechanism at stake in this patient.

A second proposed mechanism is antagonism  
of muscarinic M3 receptors by the partial M3 
agonist norclozapine. Partial agonists act either as 
antagonists or as agonists, depending on the cir-
cumstances. They are also known as stabilizers.19 
Norclozapine is a partial agonist of the M3 recep-
tor, acting as either a full antagonist or a partial 
agonist, depending on cholinergic conditions. 
When cholinergic activity is low (when M3 recep-
tors are blocked by clozapine or other anticholin-
ergic drugs), norclozapine acts as partial agonist. 
But when cholinergic activity is high, a partial 
agonist acts as an antagonist.

This partial M3 agonism of norclozapine might 
explain an apparent paradox seen in the phenom-
enon of hypersalivation. Hypersalivation is medi-
ated by stimulating muscarinic receptors. But 
clozapine, a full antagonist of the M3 receptor, is 
known to cause hypersalivation. Elevated clozap-
ine plasma concentrations were observed in 
patients with hypersalivation.20 Our hypothesis is 
that norclozapine’s M3 agonism, occurring when 
clozapine levels are high, is the explanation for 
this intriguing paradox.

We hypothesize that this characteristic of norclo-
zapine is also at stake in the occurrence of consti-
pation. M3 antagonism can be a cause of 
constipation. One study reported a correlation 
between norclozapine levels and constipation.21 
In our patient, constipation was getting worse 
while clozapine plasma levels decreased and nor-
clozapine levels increased. Decreasing clozapine 
levels leads to increasing cholinergic activity, 
making norclozapine act as an antagonist of M3, 
causing constipation.

Our hypothesis is supported by the finding that 
hypersalivation was gone after stopping glycopyr-
ronium tablets – norclozapine no longer acts as an 
agonist and no longer causes hypersalivation. So, 
when both clozapine and norclozapine act as 
antagonists at the M3 receptor, more constipa-
tion is expected.

Prevalence of constipation is approximately three 
times higher in clozapine users than in users of 
other antipsychotics. This also includes other 
anticholinergic antipsychotics such as olanzap-
ine.2 Therefore, it is very likely that antagonism of 
muscarinic receptors is not the only mechanism 
involved. A third proposed mechanism and  
possible explanation for the higher prevalence of 
constipation during clozapine treatment is nor-
clozapine’s activity on opioid receptors.21

Norclozapine acts as a selective and efficacious 
delta-opioid receptor agonist. The parent drug, 
clozapine, also can activate delta-opioid recep-
tors, but with a 10-fold lower affinity and a low 
efficacy compared to norclozapine.22 In Chinese 
hamster ovary cells expressing the delta-opioid 
receptor, norclozapine was a full agonist as meas-
ured by GTPγS binding assay (pEC50 = 7.24), 
clozapine exhibited a potency approximately 
10-fold lower (pEC50 = 5.9). In the Psychoactive 
Drug Screening Program (PDSP) Ki-database a 
Ki of 127.6 nM is reported for norclozapine (bind-
ing affinity at cloned human receptors).23 This 
corresponds with a norclozapine concentration of 
40 µg/l, which is below the concentrations meas-
ured in patients on clozapine therapy. For clozap-
ine, the PDSP database only shows a Ki in mouse 
cells (1,000 nM). Although it is difficult to com-
pare Ki’s in different species, this indicates a 
much lower binding affinity. Opioids are known 
to cause constipation. Another study showed that 
delta-opioid receptor antagonist naltrindole 
reduces oxycodone addiction and constipation in 
mice.24 In our patient, norclozapine plasma levels 
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increased by a factor of 2.5 before hospital admis-
sion. It is very likely that norclozapine’s pharma-
cological activity has contributed to the paralytic 
ileus. Norclozapine’s action on the delta-receptor 
needs further investigation because it can offer 
therapeutic options to treat clozapine-induced 
constipation with delta-antagonist in the future.

Finally, clozapine-N-oxide and carbamazepine 
itself may have contributed to the occurrence of 
constipation. Carbamazepine has mild anticholin-
ergic properties. However, the onset of constipa-
tion occurred 2 months after the introduction of 
carbamazepine, which makes a direct causative 
relationship less plausible. We performed a Naranjo 
scale analysis25 to assess the causal relationship 
between the adverse event and either clozapine or 
carbamazepine. The score was 7 (probable) for clo-
zapine and 2 (possible) for carbamazepine 
(Supplemental Table 1). Clozapine has the highest 
score, although in this case the adverse drug reac-
tion was not directly related to clozapine itself, but 
rather stemmed from the altered metabolism result-
ing from a pharmacokinetic interaction.

The absence of routine measurement of clozap-
ine-N-oxide concentration poses a limitation in 
our case report. This omission deprives us of 
essential information concerning possible changes 
in this metabolite’s levels and its potential contri-
bution to the onset of constipation. However, the 
main strength of our case report is repeated meas-
urement of clozapine and norclozapine levels, 
enabling us to track changes following each 
adjustment in medication.

The clozapine/norclozapine ratio has been stud-
ied mainly in relation to cognition and metabolic 
side effects. So far, a positive association between 
the clozapine/norclozapine ratio and better cardi-
ometabolic outcomes is suggested.26 On the other 
hand, a higher ratio is correlated with lower cog-
nitive performance in most studies.27,26 There are 
no studies about the association between the clo-
zapine/norclozapine ratio and constipation.

Conclusion
Our patient developed paralytic ileus after substi-
tuting valproic acid with carbamazepine (+flu-
voxamine) during clozapine therapy. Clozapine 
levels decreased, and norclozapine levels 
increased, resulting in an inverted clozapine/nor-
clozapine ratio.

We discussed antagonism of M3 receptors by 
clozapine and norclozapine and agonism of delta-
opioid receptors by norclozapine as possible 
mechanisms that have contributed to the occur-
rence of the paralytic ileus in our patient. We 
propose that both the clozapine/norclozapine 
ratio and the absolute norclozapine levels can be 
considered risk factors for constipation and para-
lytic ileus.

There is growing evidence that the clozapine/nor-
clozapine ratio is important in cognition and met-
abolic side effects of clozapine, but this is the first 
report on the potential impact of the clozapine/
norclozapine ratio on constipation and paralytic 
ileus.
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