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Abstract

Many antipsychotic (AP) medications work by reducing dopamine levels. As hyperdopaminergia is known to
cause psychosis, antipsychotics work to relieve these symptoms by antagonizing dopamine receptors and
lowering dopamine levels. Dopamine is also a known negative modulator of the prolactin pathway, which
allows for drug agents like dopamine agonists (DAs) to be incredibly effective in managing tumors that
secrete excess prolactin (prolactinomas). While the effects of DAs on prolactinoma size and growth have
been studied for decades, the effects of APs on prolactinoma size remain to be seen. We hope to investigate
the effects of APs on prolactinomas by conducting a thorough PubMed search, including patients with
diagnosed prolactinoma on concurrent AP therapy. Our search led to 27 studies with a total of 32 patients.
We identified themes regarding seven antipsychotics: risperidone, haloperidol, amisulpride, thioridazine,
aripiprazole, olanzapine, and clozapine. Risperidone, haloperidol, amisulpride, and thioridazine caused a
significant increase in prolactin in most cases where they were used, and prolactin decreased after their
discontinuation. For example, risperidone discontinuation resulted in a decrease in prolactin levels by an
average of 66%, while haloperidol, amisulpride, and thioridazine discontinuation lowered prolactin by an
average of 82%, 72%, and 89.7%, respectively. However, there were some exceptions in regard to
risperidone, haloperidol, and thioridazine, where prolactin levels were not as severely affected. Aripiprazole,
olanzapine, and clozapine all had significant reductions in prolactin levels when patients were switched
from another antipsychotic, such as risperidone or haloperidol. The average percent decrease in prolactin
when switched to aripiprazole was 67.65%, while it was 54.16% and 68% for olanzapine and clozapine,
respectively. The effect of individual antipsychotics on prolactinoma size was difficult to ascertain, as
imaging was not obtained (or indicated) after every antipsychotic switch, and many patients were taking
dopamine agonists concurrently. Therefore, it would be difficult to ascertain which factor affected size more.
Also, some patients received surgery or radiotherapy, which completely negated our ability to make any
assertions about the effects of certain pharmacological agents. Although it is difficult to ascertain the role
that antipsychotic medications play in the formation of prolactinoma, we have found that the cessation of
certain antipsychotic medications may lead to a reduction in prolactin levels and possibly the presence of a
measurable prolactinoma.

Categories: Endocrinology/Diabetes/Metabolism, Psychiatry, Radiology
Keywords: antipsychotic medication effect on prolactinoma size, prolactinoma growth, antipsychotic medication,
psychiatric disorders neurologic diseases, prolactinoma

Introduction And Background

Prolactinomas are the most common tumors of the pituitary gland and result in excess secretion of the
hormone prolactin. This tumor can cause infertility, growth and development defects, osteoporosis, and
other pituitary gland hormone deficiencies. Common symptoms include excessive lactation, hair growth
abnormalities, and decreased muscle size. MRI is the most favored imaging method for this tumor [1].
Decreasing or stable prolactin levels have also been shown to be effective surrogate markers for
prolactinoma tumor shrinkage or stabilization [2].

Dopamine is an important neurotransmitter involved in the regulation of prolactin. It does this by binding
to receptors on the prolactin-secreting lactotrophs, thus inhibiting prolactin release [3].

Dopamine agonists (DAs) such as cabergoline and bromocriptine are commonly used as treatments for
prolactinomas (though cabergoline is favored for the treatment of prolactinoma and idiopathic
hyperprolactinemia) [4]. Dopamine is also implicated in the pathogenesis of various psychiatric disorders.
Excessive activity of this neurotransmitter is known to contribute to the symptoms of schizophrenia [5].
Therefore, the key mechanism of action by which antipsychotics (APs) address many psychiatric diseases is
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by decreasing dopamine levels. Our knowledge of the relationship between dopamine levels and prolactin
regulation raises the question of the effect of antipsychotics on prolactinoma growth via dopamine
antagonism. With almost 2% of the total U.S. adult population taking antipsychotics, it is essential to
determine if antipsychotic therapies play a role in prolactinoma prognosis [6].

Review
Methods

This work was previously presented at the Endocrine Society 2023 conference.
Literature Search

This review was performed in accordance with the Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols (PRISMA-P) [7]. Beginning March 7, 2023, two research team members (U.D. and
A.A.) reviewed articles on the PubMed/MEDLINE database. Search queries were not limited to a specific time
frame. However, filters were applied to the search engine for the English language and human species.
Search queries were further sequenced to correspond with primary and secondary search terms. Primary
search terms correlated to prolactinoma are: prolactinoma, prolactinoma treatment, and prolactinoma
growth. Secondary search terms referred to the various terminology associated with antipsychotics:
antipsychotics, antipsychotic medications, schizophrenia, schizoaffective disorder, psychiatric disorder,
psychiatric conditions, major depressive disorder with psychotic features, psychosis, and bipolar disorder.

Study Selection

Based on the study inclusion and exclusion criteria, three reviewers (U.D., A.A., and A.P.) independently
assessed the eligibility of the relevant papers. Exclusion criteria did not include treatment intervention or
outcome in order to conserve a wide range of studies. The relevant studies consisted of any paper that
discussed antipsychotic medications in the context of prolactinoma growth. Furthermore, studies were
excluded if patients did not report both prolactinoma diagnosis and usage of antipsychotics, had inadequate
methodologies, or were duplicate studies. To combat the risk of individual bias, both reviewers
independently assessed all selected studies using a team-based approach to determine inclusion or
exclusion. Figure I displays a PRISMA flow diagram of the systematic process for study selection.
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FIGURE 1: PRISMA flowchart

Data Extraction and Analysis

The following data were collected from each included study: psychiatric diagnosis, dopamine agonists,

antipsychotics used, changes in prolactin, MRI changes, radiation therapy, and other significant treatment

details, if applicable. In addition, qualitative data from each study sample (i.e., brain imaging and serum

prolactin) was used as a surrogate marker to evaluate prolactinoma growth. Table 7 outlines the individual

patient data and treatment course.

D
Y
Changes in prolactin MRI changes
diagnoses agonist used
Risperidone
perphenazine
1st: 1500 ng/mL; 2nd: 52 ng/mL
Schizophrenia Cabergoline aripiprazole Not reported
(96.5% decrease)
clonazepam
quetiapine
1st: 1986.5 ng/mL; 2nd: 291.8 Initial size: 1.6
Paranoid Olanzapine, ng/mL; (85.3% decrease); 3rd: cm; final size: no
N/A
schizophrenia risperidone 314.5 ng/mL; (7.78% increase change (5-years

post-risperidone) post-treatment)
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Surgery

(YorN)

Radiation

(YorN)

Significant treatment details

The patient was a 29-year-old male with an 8-year history of psychiatric
disorders and was ultimately diagnosed with schizophrenia. The patient
had been on Risperidone and Perphanize, which were ultimately

when the fi These

diagnosis was
were later replaced by Aripiprazole and Clonazepam, and the patient

an in visual but

symptoms still remained. The dosages of each agent were unspecified.

Ultimately, the patient had transsphenoidal surgery and the patient was

started on in addition to the line and

prescribed previously.

The patient was a 25-year-old male with paranoid schizophrenia who had
successful treatment with olanzapine (10 mg/day). The patient received a
first-episode psychosis MRI, which revealed a pituitary macroadenoma
measuring 1.6 cm in size and a prolactin level of 1986.5 ng/ml. The patient
was subsequently operated on, and prolactin levels fell. The patient was

put on long-acting risperidone (dosage unspecified) and has been
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Risperidone,
Freeman et Cabergoline olanzapine,
Schizophrenia
al.[10] bromocriptine Ziprasidone,
aripiprazole
Akkaya [11]
Amisulpride,
(1st Patient Schizophrenia N/A
biperiden
Reported)
Akkaya [11]
(2nd Patient Schizophrenia N/A Amisulpride
Reported)
Akkaya [11] Amisulpride,
(3rd Patient Schizophrenia N/A biperiden,
Reported) aripiprazole
Risperidone,
Rad et al.
Bipolar disorder None haloperidol,
[12]
olanzapine
Risperidone,
Mendhekar
Bipolar disorder Bromocriptine  olanzapine,
etal. [13]
lithium carbonate
Arcari et al. Schizoaffective Thioridazine,
N/A
[14] disorder Ziprasidone

1st: 171 ng/mL; 2nd: 3.29 ng/mL.
(98.1% decrease); 3rd: 4.79

ng/mL (45.6% increase)

1st: 21.7 ng/mL; 2nd: 109.10
ng/mL (2 weeks); (402.8%
increase); 3rd: 124 ng/mL (3
months); (13.6% increase); 4th:
106.2 ng/mL (6 months); (14.4%

decrease)

1st: 18.55 ng/mL; 2nd: 65.8
ng/mL (2 weeks); (254.7%
increase); 3rd: 72.9 ng/mL (5
months); (10.8% increase); 4th:
60.28 ng/mL (6 months); (17.1%

decrease)

1st: 26.7 ng/mL; 2nd: 367.0
ng/mL (1274.5% increase); 3rd:
424.0 ng/mL (4 months);
(15.53% increase); 4th: 285.0
ng/mL (6 months) (32.8%
decrease); 5th: 17.78 ng/mL

(93.76% decrease)

1st: 63.2 ng/mL; 2nd: 55-85
ng/mL (10.8% increase); 3rd: 17

ng/mL (75.7% decrease)

1st: 124.8 ng/mL; 2nd: 56 ng/mL
(55.1% decrease); 3rd: 36
ng/mL (35.7% decrease); 4th:
42 ng/mL (16.7% increase); 5th:
18 ng/mL (57.1% decrease);

6th: 12 ng/mL (33.3% decrease)

1st: 83.8 pg/L; 2nd: 100.1 pg/L
(19.5% increase); 3rd: 41.7 pg/L
(58.3% decrease); 4th: 11.7
ug/L (71.9% decrease); 5th:
13.1 pg/L (12.0% increase); 6th:
11.1 pg/L (15.3% decrease);
7th: 7.1 ug/L (36.0% decrease);

8th: 12.0 pg/L (69.0% increase);
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Not reported

Initial size: not
reported; final
size: 5 mm, with
two foci
measuring 2
and 3 mm

suggestive of

microadenomas.

Initial size: not
reported; final
size: not
reported;
however, there
was a 2 mm foci
suggestive of a

microadenoma

Initial size: not
reported; final
size: not
reported;
however, there
was a2 mm

microadenoma

Initial size: 11/8

mm; final size:
“normal”

Initial size: 3-4
mm

hypodensities in
the pituitary
gland; final size:

normal

Initial size: 2
mm; final size:
normal

morphology

psychologically well since, with a small increase in overall prolactin levels.

The patient was a 23-year-old female who had a 4-year history of

and ri ine, and zi use, as well as

imag following risperidone cessation

Dosages of agents were unspecified. The patient was prescribed both

cabergoline and bromocriptine (unknown doses), however, neither the

perp nor were well-controlled. The

patient was eventually taken off and given IM L and
Ziprasidone, which was followed by a continuous prescription of oral

aripiprazole (30 mg/day).

The patient was a 55-year-old man with a 26-year history of schizophrenia
and had previously been prescribed haloperidol and biperiden

before. However, the patient reported no antipsychotic use for 7 years prior
to the study. Amisulpride was given at 200 mg/day and increased to 800

mg/day after 14 days.

The patient was a 36-year-old man with a 9-year history of schizophrenia

and had i been

valproic acid, and biperiden before. However, the patient reported no
antipsychotic use for 6 years prior to the study. Amisulpride was given at

200 mg/day and increased to 800 mg/day after 14 days.

The patient was a 28-year-old woman with a 4-year history of

and had previously been

quetiapine, and before. The patient
had a history of poor compliance. However, the patient reported no

antipsychotic use for 20 days prior to the study. Amisulpride was given at
200 mg/day and increased to 800 mg/day after 14 days. The patient was

switched to aripiprazole, and after 2 months of treatment, prolactin levels

decreased to 17.78 ng/mL.

The patient was a 13-year-old who was prescribed 2.25 mg/day of
risperidone for symptoms aligning with an acute psychotic episode. After
two months of treatment, the patient had a prolactin level of 63.2 ng/mL.
Therefore, the dose of risperidone was decreased to 1 mg/day. Prolactin
level still ranged from 55-85 ng/mL. Continued treatment with risperidone
revealed a pituitary mass of 11/8 mm at 10 months. Therefore, risperidone
was discontinued. Later, the patient was started on haloperidol, which was
ultimately switched to 2.5 mg/day of olanzapine. The patient’s last

recorded prolactin level was 17 ng/mL.

The patient was a 35-year-old woman who was being managed with 900
mg/day of lithium and 6 mg/day of risperidone. Due to complaints of

amenorrhea and isperi was di;

and lithium was maintained as a monotherapy. Imaging demonstrated 3-4
mm hypodensities in the pituitary gland and serum studies showed a
prolactin level of 124.8 ng/mL. Risperidone cessation led to a decrease in
prolactin levels to 56 ng/mL. 2.5 mg/day of olanzapine was added to the
lithium therapy. Prolactin decreased to 36 ng/mL and 42 ng/mL 12.5
mg/day of bromocriptine was added, and this decreased prolactin to 18

ng/mL and 12 ng/mL.

The patient was a 36-year-old woman who received electroconvulsive
therapy and 50 mg/day of thioridazine in the past but was switched to 2
mg/day of risperidone. After some time of risperidone therapy, prolactin
was discovered to be 83.8 pg/L. Subsequent imaging revealed a pituitary
mass measuring 2 mm. Prolactin continued to increase up to 100.1 pg/L.
Therefore, risperidone was discontinued and 40 mg/day of ziprasidone was
started. The dosage of ziprasidone was slowly increased by 40 mg every

other week, while risperidone dosage was decreased by 0.5 mg in the

4 of 24
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gth: 11.6 ug/L (3.33%
decrease); 10th: 7.0 ug/L

(39.7% decrease); 11th: 10.2
HglL (45.7% increase); 12th:

11.7 pglL (14.7% increase)

1st: 470 pg/L; 2nd: 210 pg/L

(55.3% decrease); 3rd: 123 pg/L

1st: 401 ng/mL; 2nd: 10 ng/mL.

1st: 260.8 ng/mL; 2nd: 45 ng/mL.

Broekhof et Chronic psychotic Risperidone,
Quinagolide
al.[15] disorder aripiprazole
(41.4% decrease)
Gupta et al.
Acute (97.5% decrease); 3rd: 201
(1st Patient Risperidone,
psychosis/potential ~ Cabergoline ng/mL (1910% increase); 4th:
Reported) valproate
bipolar disorder 12 ng/mL (94.0% decrease);
[16]
5th: 15 ng/mL (25% increase)
Gupta et al.
(2nd patient- Olanzapine, 1st: 169 ng/mL; 2nd: 9 ng/mL
Acute psychosis Cabergoline
reported) aripiprazole (94.7% decrease)
[16]
1st: 39,160 mU/L; 2nd: 9400
Sheldrick et. Risperidone,
Acute psychosis Bromocriptine mU /L (76.0% decrease); 3rd:
al[17] aripiprazole
159 mU /L (98.3% decrease)
Valproate,
Pal etal.
Acute Bromocriptin: (82.7% 3rd: 35
(e
haloperidol ng/mL (22.2% decrease)
Koves et al.
(2nd Patient 1st: 137 pg/L; 2nd: 8 pg/L
Cabergoline Risperidone
Reported) (94.2% decrease)
(9]
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Initial size: not
specified; final
size:

“decreased”

Initial size: 5 mm
x 6 mm; final

size: unchanged

Initial size: 2 mm
x 3 mm; final

size: normal

Initial scan
reported a
pituitary
adenoma of
unspecified size;
final scan
showed no
progression of

adenoma

Initial size: 10—
11 mm; final

size: 12 mm

Initial size: 10
mm x 12 mm x
15 mm; final

size: no change

same time frame. Eventually, the patient was only on 160 mg/day of
Ziprasidone, which conferred a decrease i prolactin down to 41.7 pglL,
Subsequent measurements were even lower, fluctuating around the 7-13

range.

The patient was a 53-year-old woman with chronic psychiatric issues and
some mental retardation that was treated with 1 mg/day for 15 years.
Prolactin levels were found to be 470 pg/L, and a pituitary macroadenoma
was found via imaging. It was subsequently transected via transsphenoidal
microsurgery. Quinagolide was started at 75 pg/day, and risperidone was
switched for aripiprazole at 15 mg/day but was increased to 30 mg soon

after. Prolactin levels decreased down to 123 pg/L after these changes.

The patient was a 34-year-old woman who presented with galactorrhea and

amenorthea; prolactin was discovered to be 401 ng/mL alongside a

pituitary 5 mm x 6 mm. C: was started
at 0.5 mg/week, which decreased the prolactin to 10 ng/mL. After 8
months, the patient began exhibiting psychiatric symptoms, so 2-6 mg/day
of risperidone, as well as 100 mg/day of sertraline. While psychiatric

symptoms were controlled, prolactin levels increased. The patient

both ine, risper and sertraline, and was placed
on valproate at a dosage of 750 mg/day. This led to a stabilization of mood
symptoms and a lowering in prolactin levels to 12 ng/mL. Eventually, all

medications were slowly tapered and prolactin stabilized at 15 ng/mL.

The patient was a 29- Id woman who with
hirsutism, and headache. Prolactin was revealed to be 169 ng/mL and a

pituitary mi of 2 mm x 3mm. C was stated at 0.5

mglweek, which improved prolactin levels, but induced psychosis. The

patient was given once and for jon-like
However, it was switched to ine at a dosage
of 10 mg/day, though no psychiatric i was seen. C:

and olanzapine were both discontinued, which helped resolve most
symptoms after 3 weeks. 5 mg/day of aripiprazole was started, but the
patient developed akathisia, so it was discontinued as well. Prolactin had

decreased to 9 ng/mL by this point.

The patient was a 39-year-old woman who presented with psychotic
symptoms and a reported prolactinoma for which she took 2.5 mg/day of
bromocriptine. The patient was non-compliant for 2 months prior to the
episode. The patient was given risperidone for a short time but was quickly

switched to aripiprazole due to contraindication in a patient with

15 mg/day of and 2.5 mg/day of bromocriptine
led to a decrease in prolactin levels and normalization of psychiatric

symptoms.

The patient was a 19 Id who was itali: fora

episode, during which it was discovered that the prolactin level was 260.8
ng/mL. The patient had been treated with unspecified doses of haloperidol,
lorazepam, and benztropine, but later was switched to 2 mg/day of
risperidone and 250 mg/day of valproate (Depakote). These were both
discontinued (gradually), and the patient was started on 5 mg/day of
olanzapine and 600 mg/day of carbamazepine. This switch led to prolactin
decreasing to 35 ng/mL. The patient was ultimately managed with 5 mg/day

of olanzapine, 600 mg/day of

ine, 1 mg/day of

and 15/mg per day of bromocriptine.

The patient was a 1 Id girl with i ities and

such as hea and

The patient also
reported headaches, and this all occurred ~6 months after the start of a
risperidone prescription (3 mg/day). Serum studies and imaging showed a
prolactin level of 137 ug/L, and imaging showed a pituitary mass
measuring 10 mm x 12 mm x 15 mm. The patient was started on 1.5
mg/week of cabergoline, with dexamphetamine tapered off, and 1 mg/day

of risperidone. Prolactin decreased to 8 pg/L on this regimen.

The patient was a 16-year-old girl who presented with 6 months of
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Koves et al.

(3rd Patient

Initial scan: 13.7
1st: 135 pg/L; 2nd: 76 pg/L
mm x 7 mmx7

Bipolar disorder N/A Risperidone (43.7% decrease); 3rd: 30 pg/L
Reported) mm; no other
(60.5% decrease)
[19] scan obtained
Amisulpride, 1st: 101 ng/mL; 2nd: 22.4 ng/mL
(77.8% 3rd: 87.5 Initial size: 5
Perroud et Unspecified
risperidone, ng/mL (290.6% increase); 4th: mm; final size:
al. [20] psychotic disorder
haloperidol, 48.6 ng/mL (44.5% decrease); not reported
olanzapine 5th: 11 ng/mL (77.4% decrease)
Initial size: 2-3
Liao et al. MDD with Risperidone, 1st: 167 ng/mL; 2nd: 5.82 ng/mL.
Cabergoline mm; final size:
21 delusions aripiprazole (96.5% decrease)
not reported
1st: 3616 ng/mL; 2nd: 286.7
ng/mL (post-op) (92.1% Initial size: 25
decrease); 3rd: 121 ng/mL (6 mm x 20 mm x
Andrade et Bromocriptine  Haloperidol,
Schizophrenia months post-op) (57.8% 12 mm; final
al. [22] quetiapine biperiden
decrease); 4th: 56.3 ng/mL size: not
(post-radiation) (53.5% reported
decrease)
Haloperidol,
fluphenazine
1st: >1000 ng/mL; 2nd: ~500 Initial size: 16
Konopelska decanoate,
Schizophrenia Bromocriptine ng/mL (50.0% decrease); 3rd: mm x 19 mm;
etal. [23] clozapine,
130 ng/mL (74.0% decrease) final size: 8 mm
lithium,
perazindimalonat
Penfluridol, 1st: 53 ng/mL; 2nd: 45 ng/mL
Daradkeh et Size not
Bromocript (15.1% 3rd: 4.8
al. [24] reported
haloperidol ng/mL (89.3% decrease)
1st: 2.25 IU/L; 2nd: 2.99 IU/L
Initial size: 8
Cabergoline (32.9% increase); 3rd: 5.1 IU/L
Bakker et al. Aripiprazole, mm; 2nd scan:
Acute psychosis quinagolide (70.6% increase); 4th: 0.63 IU/L _
[25] haloperidol 6 mm; final size:
bromocriptine (87.6% decrease); 5th: 1.58

2023 Durrani et al. Cureus 15(11): e49342. DOI 10.7759/cureus.49342

and was placed on increased doses of
risperidone. These went up to 6 mg/day, which was used for 10 days
before symptoms of prolactinoma became apparent. Risperidone was

discontinued and prolactin fell from 135 pg/L ultimately down to 30 pgL.

The patient was a 38-year-old woman with recurrent MDD who abruptly
stopped taking Biperiden, and was considered to be in withdrawal. The
patient was placed on 300 mg/day of amisulpride, which improved
psychiatric symptoms, but prolactin levels were discovered to be 101
ng/mL. Imaging revealed a pituitary mass measuring 5 mm. Amisulpride
was thus withdrawn, and quetiapine was started at 100 mg/day. This led to
a decrease in prolactin to 22.4 ng/mL. The patient was then non-compliant
with quetiapine due to side effects, and the patient was given 3 mg/day of
risperidone at her next episode, which was switched to haloperidol (1
mg/day). Risperidone caused the prolactin levels to increase to 87.5
ng/mL. Haloperidol brought it down to 48.6 ng/mL. Olanzapine was started

at 5 mg/day, and prolactin decreased to 11 ng/mL.

The patient was a 48-year-old woman with a history of MDD who had been
treated with paroxetine and risperidone in the past. The patient had
another episode which was treated with 3 mg/day of risperidone and 20
mg/day of paroxetine, but the clinical response was poor, and prolactin
was discovered to be 167 ng/mL. Imaging showed a 2-3 mm pituitary

mass. Risperidone was switched to aripiprazole (5 mg/day), along with a

long-acting d ine agonist (Dosti ine) at a dosage of 1
mg/day. Prolactin levels decreased to 5.82 ng/mL, and the patient was

taken off aripi only continuing the long-acting

The patient was a 39-year-old male who had been using haloperidol and
biperiden for approximately 8 years. At age 37, the patient presented with
bitemporal hemianopsia and a prolactin level of 3616 ng/mL. MRI showed
a macroprolactinoma which measured 25 mm x 20 mm x 12 mm in size.
Haloperidol (5 mg/day) and biperiden (2 mg/day) were discontinued, with
subsequent surgery, alongside bromocriptine (2.5 to >5 mg/day) and
quetiapine (200 to >400 mg/day) prescription. The patient also received

radiation therapy to eliminate residual tumor tissue.

The patient was a 39-year-old woman with a 25-year history of
schizophrenia, treated with a variety of medications such as diazepam,
metofenazate, haloperidol (4.5 to 9 mg/day to >27 mg/day), biperiden (12
mg/day), fluphenazine decanoate (6.25 mg/week to > 50 mg/3 weeks),
clozapine (150 mg/day), and lithium (900 mg/day). The patient presented
with prolactin levels over 1000 ng/mL and a macroadenoma 16 mm x 19
mm in size. The patient has been prescribed bromocriptine (1.25 mg/day to
>7.5 mg/day to > 18.75 mg/day), which was discontinued during psychiatric
episodes but reinstated afterward. After 4 years, prolactin levels were

finally able to be reduced to 500 ng/mL, and eventually, 130 ng/mL.

The patient was a 24-year-old with a long history of schizophrenia, with

penfluridol (20 mg/twice weekly) and thioridazine (150 mg/day)

Duetoa (imaging showed no
abnormalities, but the patient had all symptoms), bromocriptine was started
at 7.5 mg/day and later doubled to 15 mg/day. Penfluridol was

keeping the and

active. Pituitary adenoma was finally discovered on the third round of
imaging, and the patient underwent transsphenoidal resection of the tumor.
Psychiatric symptoms returned while she was in the hospital and not taking
thioridazine, so she was discharged on 15 mg/day of haloperidol and 6

mg/day of benzhexol, which has controlled all symptoms.

The patient was a 30-year-old woman who presented with amenorrhea and
headaches, with a history of psychiatric iliness. She was initially placed on
cabergoline and then quinagolide, which resolved symptoms, but they
reappeared when the patient ceased taking the medication due to side
effects. Prolactin level was discovered to be 2.25IU/L, alongside an 8 mm
pituitary microadenoma. The patient was started on 2.5 mg/day of
bromocriptine, but the patient began having psychiatric symptoms, and

aripiprazole was started at 7.5 mg/day. This helped bring the prolactin level
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Takeda et Delusions of
al. [26] dermatozoiasis
Melkersson
etal. (1st
Patient Bipolar disorder
Reported)
[27]
Melkersson
etal. (3rd

Paranoid
Patient

schizophrenia
Reported)
[27]
Hafer et al.

Acute psychosis
[28]
Maas et al. Paranoid
[29] schizophrenia
Robbins et Paranoid
al. [30] schizophrenia

Bromocriptine

Bromocriptine,

quinagolide

Bromocriptine

N/A

N/A

Bromocriptine

Haloperidol,

thioridazine

Haloperidol,

lithium citrate

Remoxipride,
haloperidol,
zuclopenthixol,

clozapine

Amisulpride,

1UIL (50.8% increase)

1st: “high”; 2nd: “Normal” (see

paper for chart)

1st: 350 pg/L; 2nd: 223-251
Hg/L (32.3% decrease); 3rd: 20

Hg/L (91.6% decrease)

1st: 2310 and 2630 pg/L; 2nd:
600 pglL (75.7% decrease); 3rd:
130 pglL (78.3% decrease); 4th:
400 pglL (207.7% increase);
5th: 50 and 80 pg/L (83.8%
decrease); 6th: 16-29 ug/L

(65.4% decrease)

1st: 185 ng/mL; 2nd: 70 ng/mL

Thioridazine,
valproic acid,
thiothiexene,

clozapine

Chlorpromazine

thioridazine

(62.2%

1st: 76-135 pg/L; 2nd: 14 pg/L
(86.7% decrease); 3rd: 6.3-10.5

Hg/L (40.0% decrease)

1st: 7,981 ng/mL; 2nd: 400
ng/mL (95.0% decrease); 3rd:
1,000 ng/mL (150% increase);
4th: 2,000 ng/mL (100%

increase)
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Initial size: not
reported; final
size: not

reported

Initial size: 1 cm;
final size not

reported

Initial size: 1 cm
x 1.5 cm in size;
final size
“decreased

substantially”

Initial size: 7
mm; final size:

unchanged

Initial size;
normal; 2nd
scan:
enlargement of
the right side,
suggestive of
microadenoma;
3rd scan: normal
following
discontinuation
of thioridazine;
final size:

normal.

Initial size: not
reported,
described as
large; 2nd
measurement:
no change; 3rd
measurement:
no change; 4th

measurement:

down to 0.63IUL, but aripiprazole was discontinued later on due to
pregnancy (the patient had a miscarriage on aripiprazole previously).

Haloperidol was used in the patient, but the prolactin level increased to
1.58IU/L; therefore, she was switched back to aripiprazole 3.75 mg/day

(initially with haloperidol, but it was tapered off).

The patient was a 68-year-old woman with visual symptoms and delusions
of dermatozoiasis. The patient was trialed on multiple medications,

including chlordiazepoxide (40 mg/day), diazepam (15 mg/day), haloperidol

(15 mg/day), (150 mg/day), (200 mg/day),
meclofenoxate (800 mg/day) and kallidinogenase (unspecified dose) to no
effect. The patient was then put on bromocriptine and was given 7.5
mg/day, and PRL was normalized, but psychotic symptoms remained.

Haloperidol was started at 3 mg/day, and the delusions disappeared.

The patient was a 48-year-old man who had been on 2 mg/day of
haloperidol and an unspecified dose of lithium citrate. Serum studies
revealed a prolactin level of 350 pg/L and imaging studies showed an
adenoma measuring 1 cm in diameter. Haloperidol was discontinued and
bromocriptine was started at 2.5 mg/day. Surgery was attempted but was
unsuccessful in removing the adenoma. Quinagolide (up to 0.375 mg/day)
and 2 mg/day of haloperidol were used, and the prolactin level decreased

1020 pg/L.

The patient was a 23-year-old man who developed psychosis after

treatment with { ipride was started and
titrated up to 300 mg/day. This, however, led to an increase in prolactin

levels up to 400 pglL, so ide was discontinued, and

was ychi retumed, so ipride was
restarted at 300 mg/day, and surgery was attempted to remove the
pituitary tumor, but it was aborted due to profuse bleeding. Radiation
therapy was applied, but this induced hypogonadism. The patient was then
placed on 30 mg/day of bromocriptine and 2 mg/day of haloperidol, and
prolactin levels went down to the 50-80 gL range. The patient stopped

taking idol, and i returned ixol was

started at 4 mg/day, but prolactin levels were still elevated, so the patient
was switched to 50 mg/day of clozapine, which lowered prolactin levels to

below 30 pg/L.

The patient was a 52-year-old woman with a detected prolactinoma with

acoustic and optic { as well as ion, and

decreased libido. The patient had been taking 400 mg/day of amisulpride
for 10 months. The patient was switched to 10 mg/day of olanzapine, and

prolactin decreased significantly from 185 ng/mL to 70 ng/mL.

The patient was a 19-year-old woman with a history of schizophrenia taking
thioridazine and valproic acid (dosages unspecified). Thioridazine was
discontinued and prolactin was measured 2 weeks later. Valproic Acid was
used as a monotherapy for some time, but psychiatric symptoms recurred,
so it was replaced by clozapine and electroconvulsive therapy. The patient

was switched to thiothi; but had a of

and other similar symptoms, so clozapine therapy was reinstated.

The patient was a 40-year-old with a 10-year history of schizophrenia, as

well as and idazit ipti (dosages
unspecified). Following a diagnosis of prolactinoma, all previous

were di i and i was

started. Thioridazine (25 mg/day) was restarted due to worsening
psychiatric symptoms. Due to an increase in prolactin, thioridazine was
discontinued and diazepam was started instead. This was not sufficient,

and thioridazine (200 mg/day) was started once more and discontinued a
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10-15% change

in the size of the

bit later.

tumor
The patient was a 42-year-old with a 15-year history of paranoid
schizophrenia and a myriad of neuroleptics were used for control. At the
time the patient was diagnosed with prolactinoma, he was taking 600 mg of
thioridazine 600 mg, 400-500 mg of diphenylhydantoin, and 200 mg of
phenobarbital daily. The patient’s tumor was minimally debulked via
1st: 7295 ng/mL; 2nd: 200-400 craniotomy. Thioridazine was discontinued, and the patient was started on
Weingarten ng/mL range (95.9% decrease); 7.5 mg of bromocriptine daily to decrease tumor size and prolactin levels.
and Paranoid Thioridazine, 3rd: 1956 ng/mL (552% Size not The patient was also given diazepam to control anxiety. The patient
Bromocriptine
Thompson schizophrenia clonidine increase); 4th: 366 ng/mL reported eventually had a relapse of psychotic symptoms after discontinuing
31] (81.2% decrease); 5th: 100 thioridazine. It was reinstated at a 200 mg/day dosage. Four months later,
ng/mL (72.7% decrease) the patient’s prolactin levels increased significantly. Thioridazine was
discontinued and prolactin levels went down significantly. The patient
redeveloped psychotic features six weeks after discontinuation of
thioridazine and was started on clonidine, which was gradually increased to
0.5 mg daily. The patient is currently managed on clonidine and diazepam,
and prolactin levels have remained around 100 ng/mL.
1st: 48.1 pg/L; 2nd: 26.3 pg/L Initial size: 8 mm The patient was a Id woman who is after being
(45.3% decrease); 3rd: 6.2 pg/L. x4 mm; 2nd prescribed cabergoline. Cabergoline was discontinued and aripiprazole
Burback et Mania with
C: (76.4% 4th: 1.4 measurement: 6 was started at 10 mg/day. Prolactin continued to decrease on this regimen.
al. [32] psychotic features
Hg/L (83.9% increase); 5th: 10.5 mm; final size: 6 The aripiprazole dosage was decreased to 2 mg/day, and psychosis re-
Hg/L (7.89% decrease) mm emerged, so it was increased back to 10 mg/day.
Initial size: 46 The patient was a 31-year-old woman with a prolactinoma who was started
Pérez- 1st: 13,494 ng/mL; 2nd: 5934.9 mm x 27 mm x on 0.25 mg/week of cabergoline and developed psychiatric symptoms 2
Esparzaet  Acute psychosis Cabergoline Clozapine ng/mL (56.0% decrease); 3rd: 37 mm:; final weeks into treatment. Clozapine was started at 12.5 mg/day and titrated up
al. [33] 95.7 ng/mL (98.4% decrease) size: “decreased to 50 mg/day The combination of 0.5 mg/week of cabergoline and 50
significantly” mglday of clozapine brought the prolactin down to 95.7 ng/mL.
The patient was a 62-year-old man with an incidental prolactinoma
1st: 14,992 ng/mL; 2nd: 1717 discovered during imaging for a subdural hematoma. The patient had used
ng/mL (88.5% decrease); 3rd: Initial size: 4.0 cabergoline for ~17 years, with doses ranging from 1.0 to 3.5 mg/week.
Casulari et 840 ng/mL (51.1% decrease); om x 2.5 cm; The patient developed psychiatric symptoms, which required combining
Acute psychosis Cabergoline Quetiapine
al. [34] 4th: 646 ng/mL (23.1% final size: not the dosage of cabergoline (1.5 mg/week) with quetiapine (100 mg/day to

TABLE 1: Patient descriptions

decrease); 5th: 1049 ng/mL.

(62.4% increase)

reported

300 mg/day, and ultimately to 200 mg/day) and mirtazapine (30 mg/day).
This regimen caused a decrease in the size of the prolactinoma, with a

decrease seen in prolactin (see chart in Calsuri et al. [34]).

Control of Studies for Proper Comparison

Given the nature of this topic and the small number of case reports, it was difficult to control for individual
confounders in each trial, such as dopamine agonist use, surgical interventions, and radiotherapy, and
subsequently have enough data remaining for analysis. We also decided to describe each case in detail in
Table I to allow readers to ascertain how differences in each case may have affected the outcomes of
individual patients.

Control of Studies for Validity
To ensure validity, the study team decided to ensure that each report was conducted by physicians with

expertise in psychiatry and endocrinology, and we deferred to provider wisdom, assuming that each patient
was given a legitimate, standard form of care following certain guidelines and established norms.

Results

Our search yielded 27 studies, representing a total of 32 patients. From these patients, several themes arose
regarding certain antipsychotics and the exacerbation of existing hyperprolactinemia and/or prolactinomas.
More detailed descriptions of each patient can be found in Table 1.

Use of Risperidone
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The first theme that arose was the use of risperidone and its association with hyperprolactinemia and
subsequent prolactinoma formation. Risperidone was used in 17 of the reported patients [3-21]. Of these 17
patients, 13 were instructed by their physician to cease taking risperidone, after which prolactin levels
decreased by an average of 66% [8,12-21]. In patients where risperidone was added or reinstated, prolactin
levels increased by values ranging from 7.78% to 1910% [9,16,20].

Two patients had used risperidone in the past without complications. They had no clinical signs of
hyperprolactinemia or prolactinoma on imaging until the use of another antipsychotic medication [11].

The two remaining patients who used risperidone were given a low dose in conjunction with cabergoline [19]
or put on long-acting risperidone [9]. In the former, the patient developed galactorrhea and other signs of
hyperprolactinemia six months after starting risperidone at a dosage of 3 mg/day. At the time of
presentation, the patient’s prolactin level was 137 pug/L, and imaging revealed a 10 mm x 12 mm x 15 mm
mass in the pituitary gland. Two years of cabergoline therapy (alongside risperidone) with a dosage of 0.5

mg thrice per week caused her serum prolactin levels to decrease to 8 ug/L. The size of the prolactinoma
decreased by almost 7% to 12 mm x 10 mm x 14 mm. The patient was kept on 1 mg/day of risperidone with
no reported issues.

The other patient [9] had an episode of psychosis, which was successfully treated with olanzapine.
Afterward, the patient received an MRI, which revealed a pituitary macroadenoma measuring 1.6 cm in size
and a prolactin level of 1986.5 ng/ml. The patient subsequently had surgical intervention, and prolactin
levels fell to 291.8 ng/mL, which represented an 85.3% decrease. The patient was then put on long-acting
risperidone to prevent subsequent psychosis, given the patient’s lack of compliance in the past. There was
no psychological deterioration reported afterward, though there was a small increase in overall prolactin
levels to 314.5 ng/mL. This only amounted to a 7.78% increase. The size of the adenoma did not change
during the study period.

Because imaging findings were not always reported, it is difficult to ascertain the effect that risperidone
discontinuation had on prolactinoma size. Additionally, surgical treatment in certain patients confounded
the effects that decreasing dosage or discontinuation of the antipsychotic medications may have had on
prolactinoma size.

Use of Haloperidol

Haloperidol was used in nine of the 32 patients reported [11,12,20,22-26]. Of these, three were instructed to
discontinue their prescription, which was associated with an average decrease of 82% in prolactin levels
[12,20,22].

One patient discontinued haloperidol but was reinstated on it, and another was non-compliant with
haloperidol [27]. In the former, the patient had been taken off bromocriptine and haloperidol but was later
reinstated on quinagolide (up to 0.375 mg/day) and haloperidol (1 mg twice per day). This had a net effect of
decreasing the prolactin level by 91.6%. It is unknown how the addition of quinagolide and the
reinstatement of haloperidol affected prolactin individually. In the latter patient, there was no recorded
impact of non-compliance with haloperidol. Another patient utilized a small dose (3 mg/day) of haloperidol
with 7.5 mg/day of bromocriptine to successfully treat both hyperprolactinemia and psychiatric symptoms
[26]. A patient reported by Daradkeh et al. was discharged on 15 mg/day of haloperidol and 6 mg/day of
benzhexol (an antimuscarinic muscle relaxant), but there was no measurement of prolactin after this
treatment [24].

The final two patients had a history of haloperidol use. One had no signs of hyperprolactinemia on initial
imaging; it only appeared after the use of a different drug (namely, amisulpride) [10]. The patient had
previously been on haloperidol and biperiden but had been drug-naive for seven years. No information on
dosage or length of use was given.

The other patient had been treated with a variety of medications (metofenazate, haloperidol, biperiden,
fluphenazine decanoate, clozapine, and lithium) before being referred to the authors of the study [23]. It was
suspected that this extensive history may have led to the conditions for hyperprolactinemia, given the
antidopaminergic effects of antipsychotic medications. This antidopaminergic effect could have led to
lactotroph hyperplasia, resulting in a prolactinoma sized at 16 mm x 19 mm and a baseline prolactin level
over 1000 ng/mL.

Treatment was pursued using bromocriptine, which was discontinued during psychotic episodes and slowly
reinstated afterward. Haloperidol, clozapine, diazepam, and perazine dimalonate were used to treat
psychiatric episodes. Doses of haloperidol and clozapine were increased during episodes. The original doses
were 150 mg/day of clozapine and 27 mg/day of haloperidol. It is unknown what the dose was increased to
during episodes and what effect this had on prolactin levels. Pursuing treatment with 18.75 mg/day of
bromocriptine for four years (except for during psychiatric episodes) led to a decrease in prolactin levels to
500 ng/mL (>50% decrease). Bromocriptine doses were maintained between 10 and 12.5 mg after that, and
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prolactin levels stabilized at 130 ng/mL (74% decrease) after an unspecified amount of time. The therapy
described led to a decrease in the size of the tumor to a diameter of 8 mm.

Use of Amisulpride

Amisulpride was used in five of the 32 patients reported [11,20,28]. In the first three patients, amisulpride
usage was associated with a significant increase in prolactin levels and resulted in newly formed foci, likely
representing microadenomas on imaging [11]. These patients were verified as drug-naive for a baseline
period prior to treatment and were then started on amisulpride at a dosage of 200 mg/day for 14 days. During
the initial two-week time period, prolactin levels increased by an average of 644% in these three patients. In
patient 1, there was an increase from 21.7 ng/mL to 109.10 ng/mL (402.8% increase). In patient 2, there was
an increase from 18.55 ng/mL to 65.8 ng/mL (254.7% increase). Lastly, in patient 3, there was an increase
from 6.7 ng/mL to 367.0 ng/mL (1274.5% increase).

After this initial two-week period, the dosage was increased to 800 mg/day, and prolactin levels were
measured up to six months later. This increase in amisulpride dosage was associated with an increase in
prolactin levels in all patients; however, the increase was not as severe as it was in the initial two-week
period. Patient 1 experienced an increase from 109.10 ng/mL to 124 ng/mL (13.6% increase), patient 2 went
from 65.8 ng/mL to 72.9 ng/mL (10.8% increase), and patient 3 went from 367.0 ng/mL to 424.0 ng/mL
(15.53% increase). This only represented an average percent increase of 13.3%. Each patient experienced a
slight decrease in prolactin levels by six months, although none of the levels were considered normal (shown
in Table 7). There was no change in dosage, and patients 1 and 3 were only on biperiden for control of
extrapyramidal symptoms. The initial imaging of all patients showed no abnormalities. After six months, all
patients were re-imaged. Patient 1 exhibited two foci measuring 2 and 3 mm on the left and right superior
parts of the gland, while patient 2 had a 2 mm foci on the left side of the pituitary gland, and patient 3
exhibited a 2 mm microadenoma in the left part of the hypophyseal gland.

In the latter two studies mentioned, amisulpride was discontinued for other medications. In one, it was
discontinued for olanzapine [28]. Amisulpride had originally been prescribed at 400 mg/day for 10 months.
This had led to a prolactin level of 185 ng/mL. A pituitary adenoma had been detected two months prior to
admission. Imaging at the time of the visit showed a 7-mm hypointensity on the left side of the pituitary
gland as well as a suspected microadenoma. Subsequent discontinuation of amisulpride for olanzapine
(which was initially dosed at 10 mg/day) led to a decrease in prolactin to 70 ng/mL. This represented a 66.2%
decrease in prolactin levels. After three months of olanzapine treatment (dosage unreported), the imaging
was no longer able to confirm the 7-mm hypointensity, and the microadenoma had shrunk to a minuscule
size.

In the other study, amisulpride was discontinued and replaced by a variety of other antipsychotics such as
quetiapine, risperidone, haloperidol, and finally, olanzapine [20]. The patient originally received 300 mg of
amisulpride per day after abruptly discontinuing biperiden (the patient had been on fluoxetine and
alprazolam) and having headaches, visual disturbances, pseudoparkinsonism, and psychotic symptoms in
the presence of normal cranial imaging. However, after about three to four months of amisulpride treatment,
the patient reported endocrine symptoms and a PRL of 101 ng/mL. An MRI showed a 5 mm microadenoma
without a corresponding mass effect. The patient was switched to 100 mg/day of quetiapine, and this led to a
decrease in prolactin levels to 22.4 ng/mL (a 77.8% decrease). The effects of the other antipsychotic
medications are reported in their respective sections.

Use of Thioridazine

Thioridazine was used in seven of the 32 patients presented [11,14,19,24,29-31]. Of these, three were
instructed to discontinue their prescriptions, which was associated with an average decrease in the levels of
prolactin by at least 89.7% [29-31]. Reinstating thioridazine in certain studies led to an average increase of
261% in prolactin levels [30,31].

Of the remaining four, one was given thioridazine previously and had no signs of hyperprolactinemia on
initial imaging; it only appeared after the extensive use of amisulpride detailed earlier in this paper [11]. The
patient had been off thioridazine and all antipsychotic medications for at least 20 days before treatment.
Another patient had a history of thioridazine prescriptions, which were suspected of aiding prolactinoma
formation [24]. The patient developed prolactinoma while using 150 mg/day of thioridazine alongside 15
mg/day of bromocriptine; symptoms did not subside until surgical resection and switching from thioridazine
to 15 mg/day of haloperidol and 6 mg/day of benzhexol [24]. The final patient had used thioridazine in the
past but experienced tardive dyskinesia, so she transitioned to risperidone and took 2 mg/day for 10 years
before signs of prolactinoma [14].

Use of Aripiprazole

Aripiprazole was used in nine of the patients presented [8,10,11,15-17,21,25,32]. Of these patients, only two
were instructed to discontinue treatment [8,16]. The former discontinued treatment since psychiatric
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symptoms were not adequately controlled [8]. The patient ultimately received transsphenoidal surgery,
along with an unreported dosage of quetiapine, cabergoline, and levothyroxine [8]. Prolactin levels
decreased to 52 ng/mL after surgery [8]. The latter patient had to discontinue treatment due to akathisia [16].
According to the authors, the patient was on 5 mg/day of aripiprazole and stopped after two months. This
did not have a reported impact on prolactin levels or imaging findings.

In the other studies [10,11,15,17,21,25,32], patients were switched to aripiprazole, with significant impacts
on prolactin levels. The average decrease in prolactin levels after switching to aripiprazole from another
antipsychotic was 67.65%.

Use of Olanzapine

Olanzapine was used in ten of the patients presented [9-13,16,18,20,28]. Of these, five were switched to
olanzapine, significantly impacting prolactin levels [12,13,18,20,28]. The average decrease in prolactin levels
after switching to olanzapine from other antipsychotics was 54.16%.

The other five patients [9-11,16] had a history of olanzapine use. Two patients had used olanzapine
previously but had no signs of prolactinoma on initial imaging; findings that suggested microadenoma
appeared after the use of amisulpride, which is detailed in an earlier section of this paper [11]. Another
patient had previously used 10 mg/day of olanzapine to successfully treat a psychiatric episode [9]. Due to it
being the first episode of psychosis, an MRI was performed, which found a 1.6 cm macroadenoma and a
prolactin level of 1,986.5 ng/mL. Treatment was pursued through surgery and long-acting risperidone [9]. A
patient reported by Freeman et al. had a four-year history of risperidone, olanzapine, and ziprasidone use. A
macroadenoma was identified, which led to risperidone cessation [10]. Treatment was ultimately pursued
via cabergoline cessation alongside intramuscular ziprasidone and lorazepam, which were ultimately
switched to aripiprazole. Finally, Gupta et al. described a patient who had been using 0.5 mg/week of
cabergoline and 10 mg/day of olanzapine but was switched to 5 mg/day of aripiprazole, which conferred a
94.7% decrease in prolactin levels [16].

Use of Clozapine

Clozapine was used in four of the patients presented [23,27,29,33]. Three of these patients were switched
onto clozapine, which had a significant impact on prolactin levels [27,29,33]. The average decrease in
prolactin levels after switching to clozapine from another antipsychotic was 68%.

One patient reported by Konopelska et al. had a history of using clozapine, along with many other
antipsychotic agents [23]. A macroadenoma that was 16 mm x 19 mm in size was discovered, as were other
antipsychotic agents. A macroadenoma that was 16 mm x 19 mm in size was discovered, and prolactin levels
measured around 1000 ng/mL. The patient was prescribed 18.75 mg/day of bromocriptine, which was
discontinued during psychiatric episodes but reinstated afterward. During psychiatric episodes, the patient
was given increased doses of haloperidol and clozapine. The base doses were reported at 150 mg/day of
clozapine and 27 mg/day of oral haloperidol. It is unknown what the doses were increased to. After four
years of this treatment, prolactin levels were finally able to be reduced to 500 ng/mL and, eventually, 130
ng/mL.

Other Patients

There was another patient who did not fit into the themes detailed earlier but was included in our analysis.
The patient had a prolactinoma discovered during imaging for a subdural hematoma. This patient had been
using cabergoline for ~17 years, with doses ranging from 1.0 to 3.5 mg/week. This patient later developed
psychiatric symptoms, which required combining the dosage of cabergoline (1.5 mg/week) with quetiapine
(100 mg/day to 300 mg/day, and ultimately to 200 mg/day) and mirtazapine (30 mg/day). This regiment
caused a decrease in the size of the prolactinoma, with a decrease seen in prolactin from 14,992 ng/mL to
1049 ng/mL [34].

Discussion

The recurring theme found in this analysis was that abnormally high levels of prolactin will decrease upon
cessation of certain antipsychotic medications prescribed for schizophrenia and other psychotic diagnoses.
Risperidone, amisulpride, and first-generation antipsychotics (FGAs) such as thioridazine, thiothixene, and
haloperidol have been reported to have a high prevalence of hyperprolactinemia and an overall prolonged
rise in prolactin levels. Risperidone and most FGAs have high binding affinities for slow dissociation from
the D2 receptor [35]. The D2 receptor in pituitary lactotrophs is typically occupied by dopamine, whose
binding exerts an inhibitory effect on prolactin release. Thus, the higher binding affinity of certain
antipsychotics decreases the opportunity for inhibitory dopamine to bind pituitary lactotroph cells,
ultimately leading to increased levels of prolactin. However, amisulpride and haloperidol also cause
elevations of PRL levels but show relatively fast dissociation profiles. This suggests that factors other than
kinetics affect the prolactin-releasing properties of antipsychotics, such as their ability to cross the blood-
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brain barrier (BBB), which will be discussed later in this section [36]. Additionally, some second-generation
antipsychotics (SGAs), such as clozapine, amisulpride, risperidone, and olanzapine, have been found to be
more efficacious than FGAs despite having lower binding 4 affinity for the D2 receptor [37]. SGAs are
sometimes recommended over FGAs due to the decreased chance of adverse effects; this study also found
that certain SGAs, namely risperidone and olanzapine, were also superior to FGAs in treating certain positive
and negative symptoms of schizophrenia, as well as some symptoms that are untouched by FGAs. One study
utilized the Positive and Negative Syndrome Scale (PANSS) to compare the efficacy of risperidone versus
haloperidol. It was found that risperidone was better at improving the positive symptoms of suspiciousness
and various negative symptoms that were unaffected by haloperidol, such as blunted affect, emotional
withdrawal, and passive-apathetic social withdrawal. Other symptoms improved by risperidone but
untouched by haloperidol included grandiosity, depression, and disturbances of volition, among others [38].
Thus, it is possible that, in some cases, SGAs should be considered first-line. Furthermore, more studies
should be conducted to determine what properties of these SGAs make them better for certain symptoms.

Certain predisposing factors, such as having genetic D2 receptor polymorphisms, being a woman of
reproductive age, or being an adolescent, can also explain why some people are more at risk of developing
hyperprolactinemia [35]. Additionally, increases in estrogen, thyrotropin-releasing hormone (TRH),
angiotensin II, antidiuretic hormone (ADH), and other substances as a result of disease or as a side effect of
antipsychotic use can also increase the secretion of prolactin [36]. It is possible that some antipsychotics
increase levels of these substances and subsequently cause increased secretion of prolactin. For example,
certain antipsychotics such as haloperidol have been associated with the syndrome of inappropriate ADH
(SIADH), which is characterized by increased ADH secretion. It is also proposed that SIADH is partly caused
by increased stimulation of central serotonin receptors, which also stimulates prolactin release [39].
Increased stimulation of central serotonin receptors via drugs that increase extracellular serotonin
concentrations or act as direct agonists to the 5-hydroxytryptamine (5-HT) receptor has been suggested as
another mechanism through which antipsychotics may cause increased secretion of prolactin [36]. It is
suggested that 5-HT indirectly stimulates prolactin secretion through a complex pathway involving both the
hypothalamus and pituitary. One antipsychotic medication that may act through this serotonergic pathway
is risperidone, which, despite acting as a 5-HT receptor antagonist, increases extracellular serotonin levels
[40]. The possibility of other mechanisms through which antipsychotics can increase prolactin levels should
be explored in order to develop more potential drug targets.

The permeability of the blood-brain barrier (BBB) to certain medications can explain why some patients
given thioridazine or haloperidol did not develop a prolactinoma initially but did develop a prolactinoma
after being given another drug such as amisulpride. The pituitary gland and therefore the D2 receptors of its
secretory lactotroph cells are located outside of the blood-brain barrier. Thus, amisulpride, which has a
decreased ability to cross the BBB, may cause prolonged interaction with the D2 receptors and less
opportunity for inhibitory dopamine to bind, resulting in increased prolactin release [36]. Additionally, due
to their decreased membrane permeability, amisulpride and risperidone have both been reported to have a
higher ratio of pituitary to striatal D2 receptor occupancy as compared to other second-generation
antipsychotics [35]. Thus, higher concentrations of these drugs may be required to have the same effect on
the striatal receptors where the antipsychotic effects are intended to occur. This could explain why patients
using long-acting injectable forms of risperidone, which result in a lower average steady-state plasma
concentration than oral risperidone, did not show significant exacerbations of prolactin levels [41]. Another
consideration to be made is regarding the active drug metabolites; one study suggests the 9-hydroxy
metabolite of risperidone is less able to cross the BBB and has been found to cause increased prolactin
concentrations when risperidone did not [35]. This study also suggests that those with more rapid CPY2D6
metabolism tend to have increased concentrations of 9-hydroxyrisperidone; thus, it would be helpful to
consider the implications of genetic cytochrome P450 polymorphisms on the accumulation of active drug
metabolites and the effects of these metabolites on prolactin levels. Further studies on the membrane
permeability and metabolite profiles of drugs can aid in developing treatment options with fewer side
effects.

Due to the clinical complications that arise upon the development of hyperprolactinemia, it is important to
explore treatment options for schizophrenia that would not induce this issue. In this analysis, patients who
switched from antipsychotics such as amisulpride onto olanzapine showed an overall decrease in prolactin
levels, including one patient who showed a decrease in prolactinoma size. This is consistent with another
study that has shown olanzapine to show lesser elevations in prolactin levels compared to other
antipsychotics such as haloperidol and risperidone [42]. This study suggests that newer atypical
antipsychotics such as olanzapine and clozapine likely show less elevation in prolactin levels due to lower
D2-binding affinities; as mentioned before, antagonists with high binding affinity to D2 receptors would
cause decreased binding of inhibitory dopamine and increased prolactin levels. In the cases analyzed here,
patients who were switched from other antipsychotics to clozapine were also found to show decreased
elevations in prolactin levels, including one patient who displayed a significant decrease in prolactinoma
size while on clozapine and cabergoline. However, clozapine is not a first-line treatment due to significant
side effects such as agranulocytosis, myocarditis, metabolic syndrome, and seizures, among others. These
side effects impart the need for close monitoring, such as weekly blood tests, further raising the issue of
patient non-compliance [43].
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A promising option for treating schizophrenia that confers a low risk of developing hyperprolactinemia is
aripiprazole, which is a partial agonist for the D2 receptor [44]. One patient in this study who was initially
taking olanzapine and cabergoline showed a significant decrease in prolactin levels upon starting
aripiprazole. As aripiprazole is a partial dopamine agonist, it has both antagonistic and agonistic properties;
in areas of hyperdopaminergic activity, it acts as an antagonist, and in areas of hypodopaminergic activity,
it acts as an agonist [45]. Thus, aripiprazole does not cause a complete blockade of dopaminergic receptors,
as is the case with most antipsychotics used to treat schizophrenia. Since there is no complete antagonism
of dopamine receptors, there is still dopamine available to inhibit excessive prolactin release, lowering the
risk of developing hyperprolactinemia. However, if a patient’s condition is not stabilized by aripiprazole, it is
more important to consider the patient’s psychiatric stability as opposed to the risk of hyperprolactinemia.
The main medications used to maintain normal prolactin levels are dopamine agonists, such as cabergoline
and bromocriptine, which may not be the ideal choice for patients with a history of psychosis as they can
increase the risk of psychiatric decompensation. Bromocriptine is associated with side effects such as
nausea, vomiting, orthostatic hypotension, headaches, mood elevation, and pathological gambling. Both
cabergoline and bromocriptine may cause nightmares, hallucinations, psychosis, and insomnia. Thus, in
these patients with schizophrenia or other mood disorders, surgical resection of the prolactinoma can be
considered, but monitoring of prolactin levels and closer surveillance of the prolactinoma may be the best
option [9]. Still, while bromocriptine-induced new-onset psychosis has many examples in the literature,
using cabergoline in conjunction with the originally prescribed antipsychotic has rarely been found to
exacerbate the underlying psychiatric issue [44]. This coincides with the findings in this analysis, as there
were patients whose hyperprolactinemia and psychiatric symptoms were both successfully treated through
the use of haloperidol, olanzapine, or clozapine with bromocriptine and risperidone or clozapine with
cabergoline; these patients also showed decreases in prolactinoma size on imaging.

This analysis was limited by the relatively small sample size and limiting searches to English only.
Additionally, due to a lack of imaging findings, a lack of consistent reporting of prolactinoma size, and some
of the patients undergoing surgery, it was difficult to conclusively determine the effect of some
antipsychotics on prolactinoma growth. Future studies can be done on antipsychotic characteristics such as
membrane permeability, metabolite profiles, and off-target activity to fully understand the effect of
antipsychotics on prolactinoma development, treatment, and symptom management.

Conclusions

After analyzing the literature as a whole, it is evident that risperidone, haloperidol, thioridazine, and
amisulpride impact prolactinoma growth, as cessation leads to a decrease in serum prolactin levels. Certain
APs fared better than others in regard to prolactinoma growth, including clozapine, aripiprazole, and
olanzapine. While prolactin levels showed clear trends in relation to certain antipsychotic medications,
imaging findings were not nearly as conclusive. The infrequency of imaging made it difficult to ascertain the
individual impact of certain antipsychotics on prolactinoma size. Also, there were often confounding
factors, such as surgical and radiation treatments.

Ideally, providers should focus on balancing detrimental prolactinoma symptoms (lactation, infertility, etc.)
while also focusing on a treatment course that explicitly addresses a patient's psychiatric health needs. This
approach requires preferring certain APs over others, considering dopamine agonist therapy, or closer
prolactinoma surveillance.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

Conceptualization: MT, UD, AP; Study design: MT, UD, SV, AP; Data acquisition: UD, AP, SV, MA, MP, FW,
ZS, AA; Quality control of data and algorithms: MT, UD, AP; data analysis and interpretation: All Authors;
Manuscript preparation: all authors; Manuscript editing and review: all authors.

References

1. Yatavelli RK, Bhusal K: Prolactinoma. StatPearls Publishing, Treasure Island; 2022.

2.  Alkabbani AG, Mon SY, Hatipoglu B, Kennedy L, Faiman C, Weil R], Hamrahian AH: Is a stable or decreasing
prolactin level in a patient with prolactinoma a surrogate marker for lack of tumor growth?. Pituitary. 2014,
17:97-102. 10.1007/s11102-013-0473-5

3.  Fitzgerald P, Dinan TG: Prolactin and dopamine: what is the connection? A review article . J

2023 Durrani et al. Cureus 15(11): e49342. DOI 10.7759/cureus.49342 13 0f 24


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://www.ncbi.nlm.nih.gov/books/NBK459347/
https://dx.doi.org/10.1007/s11102-013-0473-5
https://dx.doi.org/10.1007/s11102-013-0473-5
https://dx.doi.org/10.1177/0269216307087148

Cureus

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Psychopharmacol. 2008, 22:12-9. 10.1177/0269216307087148

dos Santos Nunes V, El Dib R, Boguszewski CL, et al.: Cabergoline versus bromocriptine in the treatment of
hyperprolactinemia: a systematic review of randomized controlled trials and meta-analysis. Database of
Abstracts of Reviews of Effects (DARE): Quality-assessed Reviews [Internet]. Centre for Reviews and
Dissemination, York; 2011.

Brisch R, Saniotis A, Wolf R, et al.: The role of dopamine in schizophrenia from a neurobiological and
evolutionary perspective: old fashioned, but still in vogue. Front Psychiatry. 2014, 5:47.
10.3389/fpsyt.2014.00047

Dennis JA, Gittner LS, Payne JD, Nugent K: Characteristics of U.S. adults taking prescription antipsychotic
medications, National Health and Nutrition Examination Survey 2013-2018. BMC Psychiatry. 2020, 20:483.
10.1186/s12888-020-02895-4

Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021, 372:n71. 10.1136/bmj.n71

Bamarinejad A, Nasiri S, Bamarinejad F, Salehidoost R, Zare-Farashbandi E: Schizophrenia and
macroprolactinoma: is there a deep link?. Adv Biomed Res. 2020, 9:38. 10.4103/abr.abr 96 20

Ali S, Klahr Miller K, Freudenreich O: Management of psychosis associated with a prolactinoma: case report
and review of the literature. Psychosomatics. 2010, 51:370-6. 10.1016/50033-3182(10)70718-0

Freeman B, Levy W, Gorman JM: Successful monotherapy treatment with aripiprazole in a patient with
schizophrenia and prolactinoma. J Psychiatr Pract. 2007, 13:120-4. 10.1097/01.pra.0000265771.47153.a0
Akkaya C, Kaya B, Kotan Z, Sarandol A, Ersoy C, Kirli S: Hyperprolactinemia and possibly related
development of prolactinoma during amisulpride treatment; three cases. ] Psychopharmacol. 2009, 23:723-
6.10.1177/0269881108091252

Rad F, Buica AM, Anghel GC, Stancu M, Dobrescu I: Hormonal imbalance and pituitary adenoma during
antipsychotic treatment in an adolescent with bipolar affective disorder. Riv Psichiatr. 2019, 54:37-9.
10.1708/3104.30939

Mendhekar DN, Jiloha RC, Srivastava PK: Effect of risperidone on prolactinoma--a case report .
Pharmacopsychiatry. 2004, 37:41-2. 10.1055/5-2004-815474

Arcari GT, Mendes AK, Sothern RB: A risperidone-induced prolactinoma resolved when a woman with
schizoaffective disorder switched to ziprasidone: a case report. Innov Clin Neurosci. 2012, 9:21-4.
Broekhof R, Gosselink MJ, Pijl H, Giltay EJ: The effect of aripiprazole and quinagolide, a dopamine agonist,
in a patient with symptomatic pituitary prolactinoma and chronic psychosis. Gen Hosp Psychiatry. 2012,
34:209.e1-3. 10.1016/j.genhosppsych.2011.07.004

Gupta P, Tundup T, Singh |, Deb KS, Verma R, Kumar N: Treatment complexities in psychosis associated
with cabergoline treatment in patients having pituitary prolactinomas. Asian | Psychiatr. 2018, 31:129-32.
10.1016/j.ajp.2018.01.011

Sheldrick AJ, Griinder G: Aripiprazole reduces serum prolactin in a woman with prolactinoma and acute
psychosis. Pharmacopsychiatry. 2008, 41:160. 10.1055/s-2008-1076721

Pal JK, Sarino WA: Effect of risperidone on prolactinoma growth in a psychotic woman . Psychosom Med.
2000, 62:736-8. 10.1097/00006842-200009000-00018

Koves I, Jarman F, Cameron F: Antipsychotic medication and marked hyperprolactinaemia: iatros or true
prolactinoma?. Acta Paediatr. 2007, 93:1543-7. 10.1111/j.1651-2227.2004.tb02645.x

Perroud N, Huguelet P: A possible effect of amisulpride on a prolactinoma growth in a woman with
borderline personality disorder. Pharmacol Res. 2004, 50:377-9. 10.1016/j.phrs.2004.02.010

Liao WT, Bai YM: Major depressive disorder induced by prolactinoma--a case report . Gen Hosp Psychiatry.
2014, 36:125.e1-2. 10.1016/j.genhosppsych.2013.01.010

Andrade C: Low-dose amisulpride and elevation in serum prolactin. J Clin Psychiatry. 2013, 74:e558-60.
10.4088/JCP.13f08510

Konopelska S, Quinkler M, Strasburger CJ, Ventz M: Difficulties in the medical treatment of prolactinoma in
a patient with schizophrenia--a case report with a review of the literature. | Clin Psychopharmacol. 2008,
28:120-2. 10.1097/jcp.0b013e3181603f8f

Daradkeh TK, Ajlouni KM: The effect of neuroleptics on prolactinoma growth in a Jordanian schizophrenic
girl. Acta Psychiatr Scand. 1988, 77:228-9. 10.1111/j.1600-0447.1988.tb05106.x

Bakker IC, Schubart CD, Zelissen PM: Successful treatment of a prolactinoma with the antipsychotic drug
aripiprazole. Endocrinol Diabetes Metab Case Rep. 2016, 2016:160028. 10.1530/EDM-16-0028

Takeda M, Tanino S, Nishinuma K, Matsubayashi T, Yamashita S, Nishimura T: A case of hypophyseal
prolactinoma with treatable delusions of dermatozoiasis. Acta Psychiatr Scand. 1985, 72:470-5.
10.1111/j.1600-0447.1985.tb02641.x

Melkersson K, Hulting AL: Prolactin-secreting pituitary adenoma in neuroleptic treated patients with
psychotic disorder. Eur Arch Psychiatry Clin Neurosci. 2000, 250:6-10. 10.1007/pl00007539

Hofer P, Friedrich F, Vyssoki B, et al.: Hyperprolactinaemia and acute psychosis: prolactinoma or
medication-induced phenomenon?. World J Biol Psychiatry. 2010, 11:759-61. 10.3109/15622971003758730
Maas DL, Hunt S, Mark L, Drobny EC: Reversible thioridazine-induced magnetic resonance imaging-
documented pituitary enlargement associated with hyperprolactinemia. Endocr Pract. 1996, 2:85-9.
10.4158/EP.2.2.85

Robbins RJ, Kern PA, Thompson TL: Interactions between thioridazine and bromocriptine in a patient with
a prolactin-secreting pituitary adenoma. Am ] Med. 1984, 76:921-3. 10.1016/0002-9343(84)91010-6
Weingarten JC, Thompson TL: The effect of thioridazine on prolactinoma growth in a schizophrenic man:
Case report. Gen Hosp Psychiatry. 1985, 7:364-6. 10.1016/0163-8343(85)90053-2

Burback L: Management of a microprolactinoma with aripiprazole in a woman with cabergoline-induced
mania. Endocrinol Diabetes Metab Case Rep. 2015, 2015:150100. 10.1530/EDM-15-0100

Pérez-Esparza R, Rojas-Guerrero CA, Andino-Rios GG, Arias-Garro P, Ramirez-Bermudez J, Portocarrero-
Ortiz L: Clozapine treatment for cabergoline-induced psychosis in a patient with a giant prolactinoma . J
Neuropsychiatry Clin Neurosci. 2017, 29:295-7. 10.1176/appi.neuropsych.16110313

Casulari LA, de Castro LF, Kessler IM, Mendonga JL, de Fatima Magalhaes Gonzaga M: Giant cabergoline-

2023 Durrani et al. Cureus 15(11): e49342. DOI 10.7759/cureus.49342

14 of 24


https://dx.doi.org/10.1177/0269216307087148
https://www.ncbi.nlm.nih.gov/books/NBK85990/
https://dx.doi.org/10.3389/fpsyt.2014.00047
https://dx.doi.org/10.3389/fpsyt.2014.00047
https://dx.doi.org/10.1186/s12888-020-02895-4
https://dx.doi.org/10.1186/s12888-020-02895-4
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.4103/abr.abr_96_20
https://dx.doi.org/10.4103/abr.abr_96_20
https://dx.doi.org/10.1016/S0033-3182(10)70718-0
https://dx.doi.org/10.1016/S0033-3182(10)70718-0
https://dx.doi.org/10.1097/01.pra.0000265771.47153.a0
https://dx.doi.org/10.1097/01.pra.0000265771.47153.a0
https://dx.doi.org/10.1177/0269881108091252
https://dx.doi.org/10.1177/0269881108091252
https://dx.doi.org/10.1708/3104.30939
https://dx.doi.org/10.1708/3104.30939
https://dx.doi.org/10.1055/s-2004-815474
https://dx.doi.org/10.1055/s-2004-815474
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3472901/
https://dx.doi.org/10.1016/j.genhosppsych.2011.07.004
https://dx.doi.org/10.1016/j.genhosppsych.2011.07.004
https://dx.doi.org/10.1016/j.ajp.2018.01.011
https://dx.doi.org/10.1016/j.ajp.2018.01.011
https://dx.doi.org/10.1055/s-2008-1076721
https://dx.doi.org/10.1055/s-2008-1076721
https://dx.doi.org/10.1097/00006842-200009000-00018
https://dx.doi.org/10.1097/00006842-200009000-00018
https://dx.doi.org/10.1111/j.1651-2227.2004.tb02645.x
https://dx.doi.org/10.1111/j.1651-2227.2004.tb02645.x
https://dx.doi.org/10.1016/j.phrs.2004.02.010
https://dx.doi.org/10.1016/j.phrs.2004.02.010
https://dx.doi.org/10.1016/j.genhosppsych.2013.01.010
https://dx.doi.org/10.1016/j.genhosppsych.2013.01.010
https://dx.doi.org/10.4088/JCP.13f08510
https://dx.doi.org/10.4088/JCP.13f08510
https://dx.doi.org/10.1097/jcp.0b013e3181603f8f
https://dx.doi.org/10.1097/jcp.0b013e3181603f8f
https://dx.doi.org/10.1111/j.1600-0447.1988.tb05106.x
https://dx.doi.org/10.1111/j.1600-0447.1988.tb05106.x
https://dx.doi.org/10.1530/EDM-16-0028
https://dx.doi.org/10.1530/EDM-16-0028
https://dx.doi.org/10.1111/j.1600-0447.1985.tb02641.x
https://dx.doi.org/10.1111/j.1600-0447.1985.tb02641.x
https://dx.doi.org/10.1007/pl00007539
https://dx.doi.org/10.1007/pl00007539
https://dx.doi.org/10.3109/15622971003758730
https://dx.doi.org/10.3109/15622971003758730
https://dx.doi.org/10.4158/EP.2.2.85
https://dx.doi.org/10.4158/EP.2.2.85
https://dx.doi.org/10.1016/0002-9343(84)91010-6
https://dx.doi.org/10.1016/0002-9343(84)91010-6
https://dx.doi.org/10.1016/0163-8343(85)90053-2
https://dx.doi.org/10.1016/0163-8343(85)90053-2
https://dx.doi.org/10.1530/EDM-15-0100
https://dx.doi.org/10.1530/EDM-15-0100
https://dx.doi.org/10.1176/appi.neuropsych.16110313
https://dx.doi.org/10.1176/appi.neuropsych.16110313
https://dx.doi.org/10.1186/s13256-019-2071-2

Cureus

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

resistant prolactinoma in a man who presented with a psychotic episode during treatment: a case report. |
Med Case Rep. 2019, 13:183. 10.1186/s13256-019-2071-2

Holt RI, Peveler RC: Antipsychotics and hyperprolactinaemia: mechanisms, consequences and management.
Clin Endocrinol (Oxf). 2011, 74:141-7. 10.1111/j.1365-2265.2010.03814.x

Peuskens |, Pani L, Detraux ], De Hert M: The effects of novel and newly approved antipsychotics on serum
prolactin levels: a comprehensive review. CNS Drugs. 2014, 28:421-53. 10.1007/s40263-014-0157-3

Davis JM, Chen N, Glick ID: A meta-analysis of the efficacy of second-generation antipsychotics . Arch Gen
Psychiatry. 2003, 60:553-64. 10.1001/archpsyc.60.6.553

Davis JM, Chen N: Clinical profile of an atypical antipsychotic: risperidone . Schizophr Bull. 2002, 28:43-61.
10.1093/oxfordjournals.schbul.a006925

Kenes MT, Hamblin SE, Tumuluri SS, Guillamondegui OD: Syndrome of inappropriate antidiuretic hormone
in a patient receiving high-dose haloperidol and quetiapine therapy. ] Neuropsychiatry Clin Neurosci. 2016,
28:€29-30. 10.1176/appi.neuropsych.15110392

Grinchii D, Dremencov E: Mechanism of action of atypical antipsychotic drugs in mood disorders . Int ] Mol
Sci. 2020, 21:9532. 10.3390/ijms21249532

Green Al, Brunette MF, Dawson R, et al.: Long-acting injectable vs oral risperidone for schizophrenia and
co-occurring alcohol use disorder: a randomized trial. ] Clin Psychiatry. 2015, 76:1359-65.
10.4088/JCP.13m08838

David SR, Taylor CC, Kinon BJ, Breier A: The effects of olanzapine, risperidone, and haloperidol on plasma
prolactin levels in patients with schizophrenia. Clin Ther. 2000, 22:1085-96. 10.1016/50149-2918(00)80086-
7

Haidary HA, Padhy RK: Clozapine. StatPearls Publishing, Treasure Island; 2023.

Inder WJ, Jang C: Treatment of prolactinoma. Medicina (Kaunas). 2022, 58:1095. 10.3390/medicina58081095
DeLeon A, Patel NC, Lynn Crismon M: Aripiprazole: a comprehensive review of its pharmacology, clinical
efficacy, and tolerability. Clin Ther. 2004, 26:649-66. 10.1016/50149-2918(04)90066-5

2023 Durrani et al. Cureus 15(11): e49342. DOI 10.7759/cureus.49342

15 0f 24


https://dx.doi.org/10.1186/s13256-019-2071-2
https://dx.doi.org/10.1111/j.1365-2265.2010.03814.x
https://dx.doi.org/10.1111/j.1365-2265.2010.03814.x
https://dx.doi.org/10.1007/s40263-014-0157-3
https://dx.doi.org/10.1007/s40263-014-0157-3
https://dx.doi.org/10.1001/archpsyc.60.6.553
https://dx.doi.org/10.1001/archpsyc.60.6.553
https://dx.doi.org/10.1093/oxfordjournals.schbul.a006925
https://dx.doi.org/10.1093/oxfordjournals.schbul.a006925
https://dx.doi.org/10.1176/appi.neuropsych.15110392
https://dx.doi.org/10.1176/appi.neuropsych.15110392
https://dx.doi.org/10.3390/ijms21249532
https://dx.doi.org/10.3390/ijms21249532
https://dx.doi.org/10.4088/JCP.13m08838
https://dx.doi.org/10.4088/JCP.13m08838
https://dx.doi.org/10.1016/S0149-2918(00)80086-7
https://dx.doi.org/10.1016/S0149-2918(00)80086-7
https://www.ncbi.nlm.nih.gov/books/NBK535399/)
https://dx.doi.org/10.3390/medicina58081095
https://dx.doi.org/10.3390/medicina58081095
https://dx.doi.org/10.1016/S0149-2918(04)90066-5
https://dx.doi.org/10.1016/S0149-2918(04)90066-5

	The Effect of Antipsychotics on Prolactinoma Growth: A Radiological and Serological Analysis
	Abstract
	Introduction And Background
	Review
	Methods
	FIGURE 1: PRISMA flowchart
	TABLE 1: Patient descriptions

	Results
	Discussion

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


