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Background: Clozapine is the gold standard for treatment-resistant schizophrenia
(TRS) but is limited by rare, serious adverse events. Venous thromboembolism
(VTE) and pulmonary embolism (PE) represent particularly challenging
complications given their multifactorial pathophysiology, unpredictable
recurrence risk, and lack of clear guidance on rechallenge.

Case presentation: A 44-year-old man with TRS and comorbid seizure disorder
achieved over 25 years of remission on clozapine (300 mg/day). In November
2023, he developed acute deep vein thrombosis and PE, leading to permanent
discontinuation despite long-term tolerability and the absence of conventional risk
factors. Abrupt cessation was followed by rapid relapse. Aripiprazole, titrated to 15
mg/day, and subsequent augmentation with olanzapine failed to restore stability. A
muscarinic—dopaminergic approach using xanomeline—trospium (Cobem‘yTM) with
olanzapine was initiated, producing marked improvements in positive symptoms,
affective expressivity, social engagement, and daily functioning without significant
adverse effects.

Discussion: Most clozapine-related VTE/PE cases necessitate discontinuation,
though rare continuations under anticoagulation and multidisciplinary oversight
have been described. Reviews emphasize inconclusive evidence and the need for
individualized risk—benefit assessment. In this case, discontinuation was chosen
collaboratively with the family, prompting exploration of alternative mechanisms.
Conclusion: Clozapine-related VTE/PE represents a serious clinical dilemma.
This case illustrates the potential of muscarinic—-dopaminergic strategies to
restore stability in TRS when clozapine is no longer an option.

treatment-resistant schizophrenia (RTS), clozapine, venous thromboembolism (VTE),
pulmonary embolism (PE), xanomeline—trospium, olanzapine
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Introduction

Treatment-resistant schizophrenia (TRS) affects approximately
20-30% of individuals diagnosed with schizophrenia (1). TRS is
typically defined by the persistence of positive symptoms, such as
hallucinations and delusions despite adequate trials of at least two
antipsychotic medications administered at therapeutic doses. In
addition to refractory psychosis, patients frequently exhibit
prominent negative symptoms and cognitive impairments,
including deficits in attention, working memory, and executive
function. These domains represent core features of schizophrenia
and are strongly associated with long-term disability, even when
positive symptoms are partially attenuated (2, 3). As a result,
individuals with TRS often experience increased hospitalization
rates, impaired social and occupational functioning, and
heightened caregiver burden (1, 4).

Clozapine remains the most effective and evidence-based
treatment for TRS, with approximately 30-60% of patients
achieving meaningful symptom reduction (4). Its superior efficacy
is thought to arise from a unique receptor-binding profile,
characterized by weak D, antagonism, higher affinity for D*
receptors, and potent antagonism of serotonergic (5-HT,A),
adrenergic, histaminergic, and muscarinic receptors (5). However,
clozapine remains significantly underutilized, with fewer than one-
third of eligible TRS patients receiving it. This is largely due to its
complex adverse effect profile, which includes agranulocytosis,
myocarditis, seizures, and severe metabolic disturbances.
Critically, clozapine has also been associated with rare but
potentially fatal complications such as venous thromboembolism
(VTE) and pulmonary embolism (PE) (2). Overall, up to 76% of
patients experience side effects, and approximately 17% discontinue
treatment due to adverse events (6).

Although rare, clozapine-associated VTE and PE are serious
complications that may occur early in the treatment course or after
long-term maintenance. These events can arise independently of
dose or established VTE risk factors (7, 8). While most cases are
reported within the first 12 weeks of initiation, delayed-onset
thromboembolic events underscore the importance of ongoing
clinical vigilance (9, 10).

The pathophysiology of clozapine-induced VTE appears
multifactorial. Contributing mechanisms may include sedation,
weight gain, and metabolic abnormalities that reduce physical
activity and promote venous stasis (11, 12). Laboratory studies
suggest that clozapine enhances platelet adhesion and aggregation,
alters fibrinogen structure, and accelerates thrombus formation, factors
that increase thrombogenic potential (13, 14). Additionally, long-term
exposure has been associated with elevated antiphospholipid
antibodies, which may further predispose to thrombotic events (15).

Collectively, these findings highlight the convergence of clinical,
metabolic, and hematologic factors in clozapine-related thrombosis.
Recognition of these risks is essential, as the development of VTE or
PE frequently necessitates permanent discontinuation of clozapine
in patients who have otherwise responded to treatment, leaving
clinicians with few effective alternatives.
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Case presentation

A 44-year-old African American man with a long-standing
diagnosis of treatment-resistant schizophrenia (TRS) and a
comorbid seizure disorder presented on November 25, 2023, with
acute swelling and pain in his right leg. His TRS had remained in
sustained remission for 26 years while being treated with clozapine
(300 mg per day; 100 mg three times a day), which was started in
1998 after multiple failed trials with other antipsychotic
medications. He had been functionally stable, living with his
mother, who supervised his medication adherence and attended a
structured psychiatric day program. Additionally, valproic acid
(250 mg twice a day) was continued for seizure prophylaxis.

At presentation to the emergency department, the patient was
afebrile with oxygen saturation of 99% on room air. Physical
examination revealed swelling, erythema, warmth, tenderness, and
firm induration of the right thigh and calf, with visible superficial
venous engorgement. Laboratory testing demonstrated leukocytosis
(WBC 12.6 x 10*/uL; 61.8% neutrophils) and a markedly elevated
D-dimer (>7,650 ng/mL). Blood cultures were obtained, and
empiric intravenous cefepime and vancomycin were initiated. CT
pulmonary angiography confirmed a right upper-lobe pulmonary
embolism (PE) and extensive deep vein thrombosis (DVT), which
was corroborated by venous Doppler ultrasound. Clozapine was
permanently discontinued due to its known association with VTE.
Therapeutic anticoagulation was initiated with enoxaparin (1 mg/kg
BID) and later transitioned to apixaban (5 mg BID). The patient
was discharged on December 12, 2023, and maintained on
aripiprazole 5 mg daily.

Discontinuing clozapine posed a significant therapeutic
challenge due to the patient’s long-standing reliance on it for
managing symptoms. Aripiprazole was initiated and gradually
increased to 15 mg daily by February 2024, following reports
from his mother about worsening symptoms. These included
thought blocking, persistent suspiciousness, and auditory
hallucinations characterized by voices (both male and female),
along with safety-seeking behaviors, such as repeatedly closing
curtains prompted by persecutory delusions. Due to the ongoing
symptoms, the dose of aripiprazole was raised to 20 mg in
April 2024.

By October 2024, it was further escalated to 30 mg after staff
members at his day program observed pacing, verbal responses to
internal stimuli, and persistent hallucinations. Despite full
adherence to the medication regimen, the patient continued to
experience persecutory delusions, command hallucinations, visual
misperceptions, and significant negative symptoms (such as
affective flattening, avolition, and social withdrawal) as well as
cognitive symptoms (including poor attention and executive
dysfunction). These issues led to a marked decline in his
daily functioning.

In March 2025, olanzapine 5 mg daily was added to address
worsening auditory hallucinations, paranoid ideation, and recurring
safety-seeking behaviors. The dose was titrated to 10 mg by April
2025; however, concerns expressed by his family limited further
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dose escalation. Despite dual therapy with aripiprazole and
olanzapine, the patient’s response remained suboptimal.

On April 15, 2025, he was transported via emergency medical
services to a Comprehensive Psychiatric Emergency Program
(CPEP) for acute psychotic exacerbation and behavioral
disorganization, characterized by reactive gesturing, striking
doors in response to perceived threats, and verbalizations to
internal stimuli.

During inpatient admission (April 15-May 9, 2025),
aripiprazole was tapered and discontinued. Xanomeline-trospium
a muscarinic M;/M* receptor agonist with a non-dopaminergic
mechanism was initiated at 50/20 mg BID and titrated to 100/20 mg
BID. Olanzapine was maintained at 5 mg in the morning and 10 mg
at bedtime. Valproic acid (250 mg BID) and apixaban (5 mg BID)
were continued. Supportive bowel regimens (docusate sodium and
polyethylene glycol) were used to mitigate anticholinergic side
effects. At discharge, the patient denied active hallucinations but
demonstrated occasional self-directed speech and reduced
verbal spontaneity.

At follow-up on May 20, 2025, the patient’s mother reported
moderate psychosocial improvement. He had resumed community
outings, participated in virtual religious services, and engaged in
leisure activities. His affect was stable, with no reported
aggression or emotional dysregulation, although mild paranoid
ideation persisted.

By June 3, he acknowledged mild situational depressive
symptoms but retained insight. His mother noted renewed
suspiciousness and expressed concerns about surveillance-related
delusions. Clinical observation confirmed gesturing and verbal
responses to perceived threats. Consequently, xanomeline-
trospium was increased to 125/30 mg BID.

On June 17, modest improvements were observed in self-
directed speech and social reciprocity at a religious event.
Although attenuated paranoid ideation remained, there was no
recurrence of VTE.

By July 1, the patient resumed regular attendance at his day
program, albeit with mild internal preoccupation. Psychoeducation
sessions were conducted with caregivers to support a low-
expressed-emotion home environment.

By July 14, significant clinical stabilization was evident. The
patient was appropriately groomed, with mild psychomotor
slowing, coherent speech, only infrequent thought blocking, and
notably reduced paranoid ideation. Safety-seeking behaviors were
absent, anxiety had decreased, and his affect was more reactive. He
demonstrated improved insight, judgment, and social engagement,
as well as greater independence in activities of daily living,
including self-transportation to church. His mother reported a
marked improvement in emotional reciprocity and consistent
participation in programming.

On July 29, the patient remained calm, cooperative, and free of
hallucinations or paranoid ideation. Both he and his mother denied
recent aggression or self-injury. Functional recovery continued with
improved interpersonal engagement.

During an August 26 telehealth session, while his mother was
hospitalized for a nephrectomy, her niece reported no bizarre
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behaviors. The patient appeared calm and cooperative, with no
safety-seeking behaviors or psychotic symptoms. His mother later
noted occasional self-talk, though markedly less frequent and
intense than prior to initiating Xanomeline-trospium.

In comparison to the significant symptom relapse observed
after discontinuing clozapine and the inadequate response to both
aripiprazole monotherapy and the combination of aripiprazole and
olanzapine, the introduction of xanomeline-trospium with
olanzapine resulted in considerable improvements. These
improvements were seen in positive symptoms, emotional
expression, social functioning, and caregiver burden, indicating a
meaningful clinical and functional recovery in a previously
treatment-resistant case of schizophrenia.

Discussion

This case highlights the clinical complexity of managing TRS
following clozapine discontinuation due to a life-threatening
adverse event. The patient developed VTE and PE after more
than 25 years of remission on clozapine (300 mg/day), despite
stable dosing, long-term tolerability, and absence of conventional
risk factors. His clinical trajectory illustrates clozapine’s therapeutic
paradox. While clozapine remains the most effective antipsychotic
for TRS, with unparalleled efficacy against hallucinations, delusions,
suicidality, and functional decline, its use is constrained by adverse
events comprising agranulocytosis, myocarditis, seizures, and rare
but serious thromboembolic complications (16, 17). Although
clozapine-associated VTE most often occurs within the first 12
weeks of treatment, delayed presentations have been documented
and may occur after years of maintenance therapy (7, 8). Abrupt
discontinuation, as in this case, frequently precipitates rapid relapse,
consistent with reports that nearly half of patients experience
exacerbation within six months of stopping clozapine (18, 19).

Some serious complications, such as agranulocytosis,
myocarditis, or seizures, may not represent absolute
contraindications to rechallenge. Advances in hematologic
monitoring and the use of hematopoietic growth factors have
enabled selected patients to safely resume clozapine after
agranulocytosis under strict surveillance (20-22). Similarly,
rechallenge has been attempted after myocarditis, once cardiac
function stabilizes, with gradual titration and close monitoring (23,
24). Seizures, often dose-dependent, can be managed with
anticonvulsant co-therapy or dose adjustment. Current guidance
emphasizes that clozapine’s unmatched ability to reduce suicidality,
hospitalization, and mortality can justify cautious rechallenge when
precipitating factors are reversible or manageable (25).

By contrast, the occurrence of VTE or PE presents a more
formidable dilemma. Multiple reports confirm an association
between clozapine and thromboembolism, implicating metabolic
effects, immobility, platelet activation, fibrinogen abnormalities,
and proinflammatory mechanisms (8-15, 30). However, guidance
on rechallenge remains limited. Systematic reviews emphasize
inconclusive evidence, recommending individualized risk-benefit
assessment rather than automatic discontinuation (7, 26, 27, 31).
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Rare instances of safe continuation have been reported under
anticoagulation and multidisciplinary oversight (28, 29, 31);
however, most published cases describe permanent cessation due
to the risk of recurrence (7, 26, 27). The heterogeneity of outcomes
underscores the absence of a uniform strategy, highlighting the
importance of case-by-case decision-making (32). In our case,
permanent discontinuation was chosen collaboratively with the
patient’s family, reflecting the unpredictability of recurrence and
lack of viable preventive measures.

Following clozapine cessation, aripiprazole was selected due to
its favorable safety profile, including a lower thromboembolic risk
compared to clozapine and olanzapine (32, 33). Despite titration to
30 mg/day, the patient remained psychotic with worsening negative
and cognitive symptoms, consistent with reports of limited efficacy
in entrenched illness and dopamine super sensitivity.
Augmentation with olanzapine was attempted to broaden
receptor coverage and approximate the multimodal activity of
clozapine. However, while some evidence supports this
combination, clinical benefits are typically modest and
inconsistent (34-36). In this case, persistent hallucinations and
delusions confirmed the limitations of dopaminergic augmentation
in true TRS.

Given these limitations, attention turned to non-dopaminergic
strategies. Xanomeline-trospium, a muscarinic M;/M* receptor
agonist-antagonist combination approved in 2024, targets both
glutamatergic and dopaminergic circuits implicated in the
pathophysiology of schizophrenia (37). Xanomeline acts centrally
as a muscarinic receptor agonist, whereas trospium, a peripherally
restricted anticholinergic, reduces unwanted cholinergic effects such
as gastrointestinal distress and hypersalivation (38). In the
EMERGENT trials, xanomeline-trospium produced significant
reductions in both positive and negative symptoms (Cohen’s d =
0.65), with a more favorable safety profile than conventional D,
receptor antagonists, particularly with respect to metabolic,
hematologic, and extrapyramidal side effects (39). Although
patients with treatment-resistant schizophrenia were excluded
from these studies, emerging case series report symptomatic and
cognitive improvements in clozapine-intolerant populations,
further supporting the therapeutic potential of xanomeline-
trospium in difficult-to-treat cases (40).

In our patient, the introduction of xanomeline-trospium
combined with olanzapine yielded substantial gains in positive
symptoms, affective expressivity, community engagement, and
functional autonomy. Importantly, the combination did not
produce additive cognitive, autonomic, or gastrointestinal side
effects, possibly reflecting pharmacodynamic offset between
xanomeline’s central muscarinic agonism and olanzapine’s
antagonism, with trospium further limiting peripheral burden.
Compared to the severe deterioration following clozapine
withdrawal and the inadequate response to dopaminergic therapy,
this regimen resulted in clinically meaningful recovery, reduced
caregiver strain, and improved quality of life.

While this outcome is encouraging, it represents a single case
and should be interpreted cautiously. A systematic evaluation is
needed to establish the safety, tolerability, dosing strategies, and
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long-term outcomes of muscarinic—-dopaminergic therapy in TRS.
Given the risk of cumulative anticholinergic burden, particularly
when combined with olanzapine, these regimens should be
employed judiciously with individualized risk-benefit assessment,
multidisciplinary collaboration, and close monitoring.

Conclusion

This case illustrates the clinical challenges of treating TRS when
clozapine is discontinued due to severe thromboembolic
complications. Clozapine withdrawal creates a significant
therapeutic gap. In this patient, aripiprazole monotherapy and
aripiprazole-olanzapine combination therapy were ineffective,
despite dose optimization and psychosocial support.
Transitioning to xanomeline-trospium in combination with
olanzapine resulted in substantial clinical and functional
improvements, the resolution of positive symptoms, an increased
affective range, better social participation, and restored autonomy,
with no additive adverse effects. These findings suggest that
muscarinic-dopaminergic pharmacologic strategies may be useful
for carefully selected patients with TRS, who cannot tolerate or
continue clozapine. Prospective studies are needed to evaluate their
role as second-line therapies, optimize treatment protocols, and
assess long-term safety and functional outcomes.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

Author contributions

NS: Conceptualization, Writing - original draft, Writing -
review & editing. JA: Writing — original draft, Writing - review &
editing. RR: Writing — original draft, Writing — review & editing.
JH: Writing - original draft, Writing — review & editing. XY:
Writing - original draft, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, and/or publication of this article.

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1679678
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Went et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial

References

1. Kane JM, Honigfeld G, Singer J, Meltzer HY. Clozapine for the treatment-
resistant schizophrenic: A double-blind comparison with chlorpromazine. Arch Gen
Psychiatry. (1988) 45:789-96. doi: 10.1001/archpsyc.1988.01800330015003

2. Howes OD, McCutcheon R, Agid O, de Bartolomeis A, van Beveren N, Birnbaum
ML, et al. Treatment-resistant schizophrenia: TRRIP working group consensus
guidelines on diagnosis and terminology. Am ] Psychiatry. (2017) 174:216-29.
doi: 10.1176/appi.ajp.2016.16050503

3. Lally J, MacCabe JH. Treatment-resistant schizophrenia: current insights on the
pharmacogenomics of antipsychotics. Pharmacogenomics Pers Med. (2016) 9:117-29.
doi: 10.2147/PGPM.S91390

4. Vanasse A, Courteau J, Groleau D, Grignon S, Lesage A. Treatment-resistant
schizophrenia: adherence to guidelines and review of clinical factors. Can J Psychiatry.
(2021) 66:297-305. doi: 10.1177/0706743720974107

5. de Fazio P, Gaetano R, Caroleo M, Cerminara G, Maida F, Bruno A, et al. Rare
and very rare adverse effects of clozapine. Neuropsychiatr Dis Treat. (2015) 11:1995-
2003. doi: 10.2147/NDT.S85257

6. Verdoux H, Quiles C, de Leon J. Pharmacovigilance of clozapine: analysis of French
and Spanish databases. Ther Adv Psychopharmacol. (2019) 9:2045125319859961.
doi: 10.1177/2045125319859961

7. Poudyal R, Lohani S. Clozapine-associated pulmonary embolism: a systematic
review. ] Community Hosp Intern Med Perspect. (2019) 9:300-4. doi: 10.1080/
20009666.2019.1643784

8. Ul-Haq A, Holland E. Pulmonary embolism secondary to clozapine therapy. Ir |
Psychol Med. (2009) 26:149-50. doi: 10.1017/S0790966700011003

9. Pallares Vela E, Dave P, Cancarevic I. Clozapine-related thromboembolic events.
Cureus. (2021) 13:16883. doi: 10.7759/cureus.16883

10. Hagg S, Spigset O, Soderstrom TG. Association of venous thromboembolism
and clozapine. Lancet. (2000) 355(9210):1155-6. doi: 10.1016/S0140-6736(00)02066-3

11. Bleakley S, Taylor D. The clozapine handbook. London: Lloyd-Reinhold
Communications LLP (2013).

12. Axelsson S, Higg S, Eriksson A, Lindahl TL, Whiss PA. In vitro effects of
antipsychotics on platelet adhesion, aggregation, and plasma coagulation. Clin Exp
Pharmacol Physiol. (2007) 34:775-80. doi: 10.1111/].1440-1681.2007.04639

13. Gligorijevi¢ N, Vasovic T, Levi¢ S, Miljevic é, Nedic¢ O, Nikoli¢ M. Clozapine
binds fibrinogen and affects fibrin formation. Int J Biol Macromol. (2020) 154:142-9.
doi: 10.1016/j.ijbiomac.2020.03.009

14. Davis S, Kern H, Asokan R. Antiphospholipid antibodies associated with
clozapine treatment. Am J Hematol. (1994) 46:166-7. doi: 10.1002/ajh.2830460218

15. Correll CU, Rubio JM, Kane JM. Risk-benefit ratio of long-term antipsychotic
treatment in schizophrenia. World Psychiatry. (2018) 17:149-60. doi: 10.1002/
wps.20516

16. Takeuchi H, Siu C, Remington G, Fervaha G, Zipursky RB, Foussias G, et al.
Antipsychotic polypharmacy and clozapine augmentation in treatment-resistant
schizophrenia. Br J Psychiatry. (2019) 214:66-73. doi: 10.1192/bjp.2018.169

17. Kawashima H, Takekita Y, Aoki N, Hazama M, Aki M, Katsuragi K, et al. Long-
term trajectories of treatment-resistant schizophrenia following clozapine or
electroconvulsive therapy: A retrospective observational study. J Psychiatr Res.
(2025). doi: 10.1016/j.jpsychires.2025.09.004

18. Bowtell M, Eaton S, Thien K, Bardell-Williams M, Downey L, Ratheesh A, et al.
Rates and predictors of relapse following clozapine discontinuation in patients with

Frontiers in Psychiatry

10.3389/fpsyt.2025.1679678

intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

treatment-resistant schizophrenia. Schizophr Res. (2018) 192:38-44. doi: 10.1016/
j.schres.2017.05.041

19. Myles N, Myles H, Xia S, Large M, Kisely S, Galletly C, et al. Meta-analysis
examining the association between clozapine and neutropenia or agranulocytosis. Acta
Psychiatr Scand. (2018) 138:101-9. doi: 10.1111/acps.12895

20. Lahdelma L, Appelberg B. Clozapine-induced agranulocytosis: safe re-exposure
after granulocyte colony-stimulating factor treatment. J Clin Psychiatry. (2012) 73:
€731-6. doi: 10.4088/JCP.11m07271

21. Douglas-Hall P, Ferrier IN, Barnes TR, Taylor DM. Successful
clozapine rechallenge after neutropenia: a case series. Psychopharmacol (Berl). (2020)
237:763-73. doi: 10.1007/s00213-019-05377-9

22. McMahon L, Korman N, Siskind D. Clozapine rechallenge following
myocarditis: a systematic review. CNS Spectr. (2024) 29:585-92. doi: 10.1017/
$1092852924002219

23. Halawa N, Armstrong M, Fancy S, Abidi S. Clozapine-induced myocarditis
and rechallenge: a narrative review. ] Can Acad Child Adolesc Psychiatry. (2023) 32:
€252-63.

24. Manu P, Sarpal D, Muir O, Kane JM, Correll CU. Clozapine rechallenge after
major adverse effects: clinical guidelines based on benefit-risk assessment. Am J Ther.
(2018) 25:€218-23. doi: 10.1097/MJT.0000000000000715

25. Poudyal R, Lohani S. Pulmonary embolism with clozapine: a case report and
review. ] Community Hosp Intern Med Perspect. (2019) 9:491-3. doi: 10.1080/
20009666.2019.1685370

26. Vela E, Llorens P, Castafio ], Pifiol-Ripoll G. Clozapine and pulmonary
embolism: a systematic review. Eur Psychiatry. (2021) 64:€23. doi: 10.1192/
j.eurpsy.2021.23

27. Till A, Silva E. Clozapine and pulmonary embolism: balancing risks and benefits.
Australas Psychiatry. (2019) 27:570-3. doi: 10.1177/1039856219854082

28. Srihari VH, Shah J, Keshavan MS. Clozapine-related pulmonary embolism: an
evidence-based framework. Prog Neuropsychopharmacol Biol Psychiatry. (2008)
32:1352-5. doi: 10.1016/j.pnpbp.2008.01.021

29. Jonsson AK, Spigset O, Higg S. Venous thromboembolism during antipsychotic
therapy: incidence, mechanisms and management. CNS Drugs. (2018) 32:47-64.
doi: 10.1007/540263-017-0481-y

30. Ronaldson K]J. Clozapine and venous thromboembolism: consideration of
continuation versus discontinuation. Ther Adv Psychopharmacol. (2017) 7:163-70.
doi: 10.1177/2045125317704192

31. Samara MT, Dold M, Gianatsi M, Nikolakopoulou A, Helfer B, Salanti G, et al.
Efficacy, acceptability, and tolerability of antipsychotic augmentation strategies in
clozapine-resistant schizophrenia. Schizophr Bull. (2016) 42:1383-95. doi: 10.1093/
schbul/sbw099

32. Mossaheb N, Kaufmann RM, Schreiber W, Fleischhacker WW. Role of
aripiprazole in the treatment of schizophrenia. Neuropsychiatr Dis Treat. (2012)
8:125-36. doi: 10.2147/NDT.S13830

33. Russell A, Reinfeld C, Koola M. Aripiprazole and dopamine supersensitivity
psychosis: a case series. Schizophr Clin Cases. (2022) 1:35-40. doi: 10.1097/
YIC.0000000000000391

34. Jia T, Len X, Pi Z, Hong Z, Feng J, Ma C. Effect of aripiprazole combined with
olanzapine on efficacy in schizophrenia. Farmacia. (2022) 70:447-50. doi: 10.31925/
farmacia.2022.3.23

frontiersin.org


https://doi.org/10.1001/archpsyc.1988.01800330015003
https://doi.org/10.1176/appi.ajp.2016.16050503
https://doi.org/10.2147/PGPM.S91390
https://doi.org/10.1177/0706743720974107
https://doi.org/10.2147/NDT.S85257
https://doi.org/10.1177/2045125319859961
https://doi.org/10.1080/20009666.2019.1643784
https://doi.org/10.1080/20009666.2019.1643784
https://doi.org/10.1017/S0790966700011003
https://doi.org/10.7759/cureus.16883
https://doi.org/10.1016/S0140-6736(00)02066-3
https://doi.org/10.1111/j.1440-1681.2007.04639
https://doi.org/10.1016/j.ijbiomac.2020.03.009
https://doi.org/10.1002/ajh.2830460218
https://doi.org/10.1002/wps.20516
https://doi.org/10.1002/wps.20516
https://doi.org/10.1192/bjp.2018.169
https://doi.org/10.1016/j.jpsychires.2025.09.004
https://doi.org/10.1016/j.schres.2017.05.041
https://doi.org/10.1016/j.schres.2017.05.041
https://doi.org/10.1111/acps.12895
https://doi.org/10.4088/JCP.11m07271
https://doi.org/10.1007/s00213-019-05377-9
https://doi.org/10.1017/S1092852924002219
https://doi.org/10.1017/S1092852924002219
https://doi.org/10.1097/MJT.0000000000000715
https://doi.org/10.1080/20009666.2019.1685370
https://doi.org/10.1080/20009666.2019.1685370
https://doi.org/10.1192/j.eurpsy.2021.23
https://doi.org/10.1192/j.eurpsy.2021.23
https://doi.org/10.1177/1039856219854082
https://doi.org/10.1016/j.pnpbp.2008.01.021
https://doi.org/10.1007/s40263-017-0481-y
https://doi.org/10.1177/2045125317704192
https://doi.org/10.1093/schbul/sbw099
https://doi.org/10.1093/schbul/sbw099
https://doi.org/10.2147/NDT.S13830
https://doi.org/10.1097/YIC.0000000000000391
https://doi.org/10.1097/YIC.0000000000000391
https://doi.org/10.31925/farmacia.2022.3.23
https://doi.org/10.31925/farmacia.2022.3.23
https://doi.org/10.3389/fpsyt.2025.1679678
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Went et al.

35. WangLJ, Ree SC, Huang YS, Hsiao CC, Chen CK. Effects of adjunctive aripiprazole
on the metabolic profiles of patients treated with olanzapine. Prog Neuropsychopharmacol
Biol Psychiatry. (2013) 40:260-6. doi: 10.1016/j.pnpbp.2012.10.005

36. Zhang C, Jiang L, Hu K, Chen L, Zhang Y], Shi HZ, et al. Effects of aripiprazole
on olanzapine pharmacokinetics and dosing optimization. Neuropsychiatr Dis Treat.
(2024) 20:479-90. doi: 10.2147/NDT.S455183

37. Brannan SK, Sawchak S, Miller AC, Lieberman JA, Paul SM, Breier A.
Muscarinic/cholinergic receptor agonist and peripheral antagonist for schizophrenia.
N Engl ] Med. (2021) 384(8):717-26. doi: 10.1056/NEJMo0a2017015

Frontiers in Psychiatry

10.3389/fpsyt.2025.1679678

38. Kaul I, Sawchak S, Claxton A, Sauder C, Hassman HH, Kakar R, et al. Efficacy of
xanomeline and trospium chloride in schizophrenia: pooled results from three 5-week,
randomized, double-blind, placebo-controlled, EMERGENT trials. Schizophrenia.
(2024) 10(1):102. doi: 10.1038/s41537-024-00525-6

39. Bristol Myers Squibb. Topline ARISE trial results for Cobenfy adjunctive therapy.
Princeton, NJ: Bristol Myers Squibb (2025).

40. Price MZ, Price RL. Early outpatient experience with xanomeline-trospium in
clozapine-intolerant schizophrenia. Schizophr Clin Cases. (2025) 3:22-8. doi: 10.3389/
fpsyt.2025.1630574

06 frontiersin.org


https://doi.org/10.1016/j.pnpbp.2012.10.005
https://doi.org/10.2147/NDT.S455183
https://doi.org/10.1056/NEJMoa2017015
https://doi.org/10.1038/s41537-024-00525-6
https://doi.org/10.3389/fpsyt.2025.1630574
https://doi.org/10.3389/fpsyt.2025.1630574
https://doi.org/10.3389/fpsyt.2025.1679678
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Managing treatment-resistant schizophrenia following clozapine cessation: a case report of xanomeline–trospium and olanzapine combination therapy
	Introduction
	Case presentation
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


