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Calcineurin inhibitor-induced psychosis
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rs. C, age 68, is experiencing wors-

ening paranoid delusions. She

believes that because she lied
about her income when she was younger,
the FBI is tracking her and wants to poison
her food and spray dangerous fumes in her
house. Her paranoia has made it hard for her
to sleep, eat, or feel safe in her home.

Mrs. C's daughter reports that her mother’s
delusions started 3 years ago and have wors-
ened in recent months. Mrs. C has no psychi-
atric history. Her medical history is significant
for renal transplant in 2015, type 2 diabetes,
hyperlipidemia, hypertension, and hypo-
thyroidism. She is currently normotensive.
Mrs. C's home medications include cyclospo-
rine, which is a calcineurin inhibitor, 125 mg
twice daily (trough level = 138 mcg/L); myco-
phenolate mofetil, 500 mg twice daily; cina-
calcet, 30 mg 3 times a week; metformin,
500 mg twice daily; amlodipine, 5 mg twice
daily; levothyroxine, 112 mcg/d; and atorva-
statin, 40 mg at bedtime.

As you review her medications, you won-
der if the cyclosporine she began receiving
after her kidney transplant could be causing
or contributing to her worsening paranoid
delusions.

Dr. Diduch is Medical Science Liaison, Indivior, Richmond, Virginia.
Dr. Batongbakal is a PGY-1 Pharmacy Practice Resident, Jersey City
Medical Center, Jersey City, New Jersey. Dr. Martin is a PGY-3 Psychiatry
Resident, Rutgers Robert Wood Johnson Medical School, New
Brunswick, New Jersey. Dr. Chandak is a Psychiatrist, Jersey City Medical
Center, Jersey City, New Jersey.

Disclosures

The authors report no financial relationships with any companies
whose products are mentioned in this article, or with manufacturers of
competing products. The views expressed in this article are those of the
authors alone, and not of Indivior or any other entity.

doi: 10.12788/cp.0186

Kidney transplantation has become an
ideal treatment for patients with end-stage
renal disease. In 2020, 22,817 kidney trans-
plants were performed in the United States.!
Compared with dialysis, kidney transplant
allows patients the chance to return to a
satisfactory quality of life.? However,
to ensure a successful and long-lasting
transplant, patients must be started and
maintained on lifelong immunosuppres-
sant agents that have potential adverse
effects, including nephrotoxicity and
Further,
pressant agents—particularly calcineurin
inhibitors—are associated with potential
adverse effects on mental health. The most
commonly documented mental health-
related adverse effects include insomnia,

hypertension. immunosup-

anxiety, depression, and confusion.’ In
this article, we discuss the risk of severe
psychosis associated with the use of calci-
neurin inhibitors.

continued

Practice Points

« Calcineurin inhibitors such as
cyclosporine and tacrolimus may have
effects on dopamine and N-methyl-b-
aspartate receptors that can precipitate
psychotic symptoms in some patients.

- Obtain true troughs of calcineurin
inhibitor blood levels early in treatment
to ensure levels are not supratherapeutic.

- Consider starting a low-dose second-
generation antipsychotic to combat
psychotic symptoms and lessen the
likelihood of extrapyramidal symptoms.
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Clinical Point

Calcineurin
inhibition might
cause psychiatric
symptoms by
affecting both
dopamine and
NMDA receptors
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Calcineurin inhibitors and
psychiatric symptoms

Cyclosporine and tacrolimus are calcineurin
inhibitors that are commonly used as immu-
nosuppressant agents after kidney transplan-
tation. They primarily work by specifically
and competitively binding to and inhibiting
the calcineurin protein to reduce the tran-
scriptional activation of cytokine genes for
interleukin-2, tumor necrosis factor-alpha,
interleukin-3, interleukin-4, CD40L (CD40
ligand), granulocyte-macrophage colony-
stimulating factor, and interferon-gamma.**
The ultimate downstream effect is reduced
proliferation of T lymphocytes and thereby
an immunosuppressed state that will protect
against organ rejection. However, this is not
the only downstream effect that can occur
from inhibiting calcineurin. Cyclosporine
and tacrolimus may modulate the activ-
ity of dopamine and N-methyl-p-aspartate
(NMDA) via calcineurin.®®

An increased effect of dopamine in the
mesocortical dopaminergic pathway has
long been a suspected cause for psychotic
symptoms. A study conducted in rodents
suggested that tacrolimus selectively modi-
fies the responsivity and sensitivity of post-
synaptic dopamine-2 (D2) and dopamine-3
(D3) receptors.’ These receptors are impor-
tant when discussing psychosis because
antipsychotic medications work primarily
by blocking dopamine D2, while many also
block the D3 receptor. We hypothesize that
modifying the responsivity and sensitivity
of these 2 receptors could increase the risk
of a person developing psychosis. It may
also provide insight into how to best treat a
psychotic episode.

Tacrolimus has been shown to elicit inhi-
bition of NMDA-induced neurotransmitter
release and augmentation of depolarization-
induced neurotransmitter release.’” In the-
ory, this potential inhibition at the NMDA
receptors may lead to a compensatory and
excessive release of glutamate. Elevated
glutamate levels in the brain could lead to
psychiatric symptoms, including psychosis.
This is supported by the psychosis caused
by many NMDA receptor antagonists,

such as phencyclidine (PCP) and ketamine.
Furthermore, a study examining calcineurin
in knockout mice showed that the spectrum
of behavioral abnormalities was strikingly
similar to those in schizophrenia models."
These mice displayed impaired working
memory, impaired attentional function,
social withdrawal, and psychomotor agita-
tion. This further supports the idea that cal-
cineurin inhibition can play a significant role
in causing psychiatric symptoms by affect-
ing both dopamine and NMDA receptors.

How to address calcineurin
inhibitor-induced psychosis

Here we outline a potential treatment
strategy to combat psychosis secondary
to calcineurin inhibitors. First, evaluate
the patient’s calcineurin inhibitor level
(either cyclosporine or tacrolimus). Levels
should be drawn as a true trough and
doses adjusted if necessary via appropri-
ate consultation with a transplant specialist.
Because many of the adverse effects associ-
ated with these agents are dose-dependent,
we suspect that the risk of psychosis and
other mental health-related adverse effects
may also follow this trend.

Assuming that the calcineurin inhibi-
tor cannot be stopped, changed to a dif-
ferent agent, or subject to a dose decrease,
we recommend initiating an antipsychotic
medication to control psychotic symptoms.
Given the potential effect of calcineurin
inhibitors on dopamine, we suggest trial-
ing a second-generation antipsychotic with
relatively high affinity for dopamine D2
receptors, such as risperidone or paliperi-
done. However, compared with patients
with schizophrenia, patients receiving a
calcineurin inhibitor may be more likely
to develop extrapyramidal symptoms
(EPS). Therefore, to avoid potential adverse
effects, consider using a lower starting dose
or an antipsychotic medication with less
dopamine D2 affinity, such as quetiapine,
olanzapine, or aripiprazole. Furthermore,
because post-transplant patients may be at
a higher risk for depression, which may be
secondary to medication adverse effects, we



suggest avoiding first-generation antipsy-
chotics (FGAs) such as haloperidol because
FGAs may worsen depressive symptoms.
We recommend initiating risperidone,
1 mg twice a day, for patients with psycho-
sis secondary to a calcineurin inhibitor. If the
patient develops EPS, consider switching
to an antipsychotic medication with a less
potent dopamine D2 blockade, such as que-
tiapine, olanzapine, or aripiprazole. We rec-
ommend an antipsychotic switch rather than
adding benztropine or diphenhydramine to
the regimen because many transplant recipi-
ents may be older patients, and adding anti-
cholinergic medications can be problematic
for this population. However, if the patient
is younger or has responded particularly
well to risperidone, the benefit of adding an
anticholinergic medication may outweigh
the risks. This decision should be made on
an individual basis and may include other
options, such as a switch to quetiapine,
olanzapine, or aripiprazole. While these
agents may not block the D2 receptor as
strongly as risperidone, they all are effective
and approved for adjunct therapy in major
depressive disorder. We recommend que-
tiapine and olanzapine as second-line agents
because of their potential for sedation and
significant weight gain. While aripiprazole
has a great metabolic adverse effect pro-
file, its mechanism of action as a partial D2
agonist may make it difficult to control psy-
chotic symptoms in this patient population
compared with true D2 antagonists.

Mrs. C is admitted to the inpatient psychi-
atric unit and started on risperidone, 1 mg
twice daily. Initially, she complains of light-
headedness at night due to the risperidone,
so her dose is changed to 2 mg at bedtime.
Gradually, she begins to show mild improve-
ment. Previously, she reported feeling fright-
ened of staff members, but after a few days
she reports that she feels safe at the hospital.
However, her delusions of being monitored
by the FBI persist.
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Drug Brand Names

Amlodipine - Norvasc
Aripiprazole - Abilify
Atorvastatin - Lipitor
Benztropine - Cogentin
Cinacalcet - Sensipar
Cyclosporine - Gengraf
Haloperidol - Haldol
Ketamine - Ketalar
Levothyroxine - Synthroid

Metformin - Glucophage
Mycophenolate mofetil «
CellCept
Olanzapine - Zyprexa
Quetiapine - Seroquel
Paliperidone - Invega
Risperidone - Risperdal
Tacrolimus - Prograf

After 9 days of hospitalization, Mrs. C is
discharged home to the care of her daughter.
At first, she does well, but unfortunately she
begins to refuse to take her medication and
returns to her baseline.
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