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Abstract

Chat Generative Pre-trained Transformer, also known as ChatGPT, is a new artificial intelligence (AI)
program that responds to user inquiry with discourse resembling human language. The range of ChatGPT
capabilities caught the interest of the medical world after it demonstrated its ability to pass medical boards
examinations. In this case report, we present the clinical treatment of a 22-year-old male diagnosed with
treatment-resistant schizophrenia (TRS) and compare the medical management suggested by ChatGPT to
current standards of care in order to assess the program’s ability to identify the disorder, evaluate potential
medical and psychiatric work-up, and develop a treatment plan addressing the distinct nuances of our
patient. In our inquiry with ChatGPT, we found that it can accurately identify our patient as having TRS and
order appropriate tests to methodically rule out alternative causes of acute psychosis. Furthermore, the Al
program suggests pharmacologic treatment options including clozapine with adjuvant medications, and
nonpharmacologic treatment options including electroconvulsive therapy (ECT), repetitive transcranial
magnetic stimulation (rTMS), and psychotherapy which align with current standards of care. Lastly,
ChatGPT provides a comprehensive list of side effects associated with antipsychotics and mood stabilizers
used to treat TRS. We found both potential for and limitations in the clinical application of ChatGPT to
assist in the assessment and management of complex medical conditions. Overall, ChatGPT may serve as a
powerful tool to organize medical data in a meaningful and palatable format for medical professionals to
reference during patient care.

Categories: Psychiatry, Healthcare Technology
Keywords: standard of care, psychosis, antipsychotics, artificial intelligence in medicine, chatgpt, treatment-
resistant schizophrenia

Introduction

Chat Generative Pre-trained Transformer (ChatGPT) is an artificial intelligence (AI) program developed by
OpenAl that was launched on November 30, 2022, and has since become a cultural phenomenon [1].
ChatGPT utilizes a large database of information to respond to user inquiries with language replicating
human discourse. Thus far, the program has demonstrated its capacity to perform in medicine by
successfully passing the United States Medical Licensing Examination (USMLE) Step 1, Step 2 clinical
knowledge (CK), and Step 3 medical board examinations [1,2]. Additionally, the program has proven to
create differential diagnosis lists with 93.3% accuracy of the actual disease when prompted with common
clinical vignettes [3]. These processes demonstrate the ability of ChatGPT to match textbook knowledge to
well-established diseases. Some propose that ChatGPT may serve the medical community by collecting
information from electronic medical records, organizing content for literature reviews, connecting diagnoses
with billing codes, and other data management services [4,5]. By taking advantage of AI’s ability to
recognize and organize data, medical practitioners may focus more energy on patient care [6].

ChatGPT may have a role in optimizing treatment for complex diseases in psychiatry like treatment-
resistant schizophrenia (TRS). Approximately 20%-30% of patients diagnosed with schizophrenia do not
respond to antipsychotic medications [7]. If they fail to respond to at least two antipsychotic trials, these
patients are described as having TRS [8]. These patients may require more potent antipsychotics, like
clozapine, the only FDA-approved medication for TRS [8,9]. However, it may be associated with a greater risk
of agranulocytosis, sialorrhea, myocarditis, cardiomyopathy, weight gain, sedation, and constipation [10].
Even then, clozapine has only demonstrated beneficial impacts on approximately one-third of this
treatment-resistant population [7]. The pharmacologic management of TRS is challenging and poses an
opportunity for ChatGPT to use extensive foundational knowledge of medicine alongside emerging data to
provide pertinent feedback to clinician inquiry. Additional adjuvants to medication include
electroconvulsive therapy (ECT), repetitive transcranial magnetic stimulation (rTMS), deep brain
stimulation, expressive therapy, talk therapy, exercise therapy, cognitive behavioral therapy, and
hallucination-focused integrative therapy [8,11-13]. When considering alternate or adjuvant treatment
modalities, ChatGPT might provide evidence-based treatment recommendations tailored to patients’ needs,
history, and preferences. TRS carries a significant clinical and economic burden on patients, families, and
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society [14,15]. Many studies suggest that patients with TRS have more severe symptoms, earlier age of
diagnosis, and worse quality of life compared to their treatment-responsive counterparts [8]. TRS has been
shown to have higher rates of hospitalization, health resource utilization, substance abuse, unemployment,
aggression, and suicidality [14,15]. The AI platform ChatGPT may curate data to assist healthcare
practitioners in providing efficient, personalized, and evidence-based care for complex medical conditions
like TRS.

In this case report, we present ChatGPT with the clinical vignette of a 22-year-old male diagnosed with TRS.
Our aim is to compare the standard of care of TRS used by clinicians to that of ChatGPT in order to assess its
ability to recognize TRS and provide accurate treatment plans. Furthermore, we aim to assess the function
of ChatGPT in assisting physicians in the clinical assessment and management of complex medical cases.

Case Presentation

We report the case of a 22-year-old male with a six-year history of schizophrenia who was admitted to the
inpatient psychiatric service with acute psychosis. He was admitted for unprovoked aggression secondary to
paranoid ideation, delusions, and auditory hallucinations. This patient had multiple inpatient encounters
due to refractory schizophrenia that was non-responsive to a variety of treatment regimens. Multiple
medication failures resulted in a previously established combination treatment regimen involving clozapine,
olanzapine, lithium, and valproate. Prior to this hospitalization, the patient was reported to have been non-
adherent with his medication for at least four days, resulting in the decompensation of his TRS.

Over the course of his care, the patient was identified to have TRS which required a well-balanced
combination of antipsychotic medications and mood stabilizers. In the psychiatric emergency department,
the clinical team utilized a series of labs - complete blood count (CBC) with differential, complete metabolic
panel (CMP), thyroid stimulating hormone (TSH) level, vitamin B12 level, HIV reactivity, syphilis reactivity,
and urine drug screen - in order to rule out alternative causes of acute psychosis. The lab results for this
patient were within normal ranges. The patient was restarted on clozapine 25 mg two times per day,
olanzapine 15 mg two times per day, valproate 1000 mg three times per day, and lithium 600 mg two times
per day. Due to medication nonadherence, clozapine was slowly titrated up to the previously established
therapeutic dose of 300 mg two times per day. The patient required a weekly CBC with differential to
monitor for agranulocytosis. Additionally, lithium and valproate blood levels were monitored to ensure their
serum concentrations were within the narrow therapeutic range.

After one week, we cross-titrated antipsychotics by slowly tapering the patient off of olanzapine and
increasing the dosage of clozapine. As the olanzapine dose decreased, the patient began demonstrating
increased paranoia and unprovoked aggression toward staff and peers. Additionally, the patient began
displaying signs of clozapine-induced sialorrhea. To address both the agitation and sialorrhea, we increased
the olanzapine dosage to utilize its antihistamine and anticholinergic properties. Over the course of three
weeks, we identified an optimal therapeutic regimen including clozapine 300 mg two times per day,
olanzapine 10 mg two times per day, valproate 1000 mg three times per day, and lithium 600 mg two times
per day. This regimen resulted in an overall decrease in the frequency of the patient’s auditory
hallucinations, delusions, and paranoia.

In order to evaluate the utility of ChatGPT in the medical and psychiatric care of a patient with TRS, we
presented ChatGPT with parameters based on this clinical presentation. We asked ChatGPT 23 open-ended
questions over a series of four individual chat discussions (Table 7). Through these encounters, we analyzed
the capacity of ChatGPT to identify medical and psychiatric conditions, propose differential diagnoses,
suggest comprehensive assessment plans, and provide integrated treatment plans. We had an additional
fifth encounter with two questions to assess ChatGPT's ability to organize treatment options and provide
references regarding standards of care for TRS.
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Encounter Parameters Topic of Interest
One Age, Gender, Symptoms Identification of disease and assessment
Two Age, Gender, Symptoms Treatment

Age, Gender, Symptoms, Past Medical History, I .
Three L Identification of disease, assessment, and treatment

Medications

o Inpatient clinical medication management and medication adverse

Four Age, Gender, Symptoms, Medications

effects

TABLE 1: List of ChatGPT encounters regarding clinical case including parameters and topics of
interest

In four separate chat discussions with ChatGPT, we varied parameters and analyzed ChatGPT'’s curated content for different topics of interest regarding
the case of a 22-year-old male with TRS. Symptoms were delusional thinking, responding to internal stimuli, and unprovoked aggression.

ChatGPT: Chat Generative Pre-trained Transformer; TRS: Treatment-resistant schizophrenia

Discussion

We have described the case of a 22-year-old male with TRS who required careful consideration and balance
of atypical antipsychotics and mood stabilizers. This clinical case allows us to challenge ChatGPT with the
complexity involved in managing TRS through a series of encounters. These encounters assessed the
functional value of ChatGPT assisting healthcare providers in identifying an appropriate therapeutic
regimen, optimizing medication dosages, and managing adverse effects.

Encounter one

In Encounter One, we prompted ChatGPT with a series of nine questions based on three parameters: age,
gender, and three pertinent symptoms of delusional thinking, responding to internal stimuli, and
unprovoked aggression. With only these parameters given, we engaged ChatGPT to determine a primary
diagnosis for this patient (Figure 7).

A 22-year-old male is presenting with delusional thinking, responding to internal
stimuli, and unprovoked aggression. What is the diagnosis?

Based on the given symptoms, the most likely diagnosis for the 22-year-old male
would be schizophrenia. Schizophrenia is a severe mental disorder characterized by

a combination of symptoms that can include delusions, hallucinations, disorganized

thinking, abnormal behaviors, and difficulty functioning. The presence of delusional
thinking, responding to internal stimuli, and unprovoked aggression is commonly
seen in schizophrenia. However, it is important to note that a proper diagnosis
requires a comprehensive evaluation by a qualified mental health professional.

FIGURE 1: Using ChatGPT to determine a medical condition

ChatGPT was able to identify the medical condition based on the initial three parameters (age, gender, and
symptoms) with which it was presented.

In our inquiry with ChatGPT, we also found that the AI program is able to present differential diagnoses,
including schizophrenia, for a patient presenting with positive symptoms of acute psychosis as exhibited in
Figure 2. When further questioned, ChatGPT demonstrated clinical value by populating a list of possible
non-psychiatric causes of acute psychosis including porphyria and encephalitis (Figure 3). This exhibits
ChatGPT’s ability to create a broad differential which is imperative in the initial evaluation of a disease.
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What are other possible diagnoses for this patient?

Delusional thinking, responding to internal stimuli, and unprovoked aggression are
symptoms that could be indicative of schizophrenia, but there are other possible

diagnoses that should be considered. Here are some examples:

Substance-induced psychosis: Prolonged substance use, especially stimulants
like methamphetamine, can cause psychosis with symptoms similar to
schizophrenia.

Bipolar disorder: Manic or hypomanic episodes can include delusions,
hallucinations, and aggression. A thorough evaluation is necessary to differentiate
between schizophrenia and bipolar disorder.

Schizoaffective disorder: This is a diagnosis that combines symptoms of both
schizophrenia and mood disorders. People with schizoaffective disorder
experience periods of mood disturbances and periods of psychotic symptoms.
Personality disorders: Some personality disorders, such as borderline personality
disorder or paranoid personality disorder, can include delusional thinking and
aggression.

Other medical conditions: Certain medical conditions such as brain tumors,

autoimmune disorders, and infections can cause symptoms of psychosis.

It is important to note that proper diagnosis requires a comprehensive evaluation by
a qualified mental health professional. The evaluation should take into account the

patient's symptoms, medical history, and other clinical factors to determine the

appropriate diagnosis.

FIGURE 2: Using ChatGPT to develop differential diagnoses

ChatGPT was able to generate a comprehensive list of differentials based on our patient’s presenting symptoms
of delusional thinking, responding to internal stimuli, and unprovoked aggression.
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What are other medical conditions that might cause these patient's symptoms?

There are several medical conditions that can cause symptoms similar to those seen in dJ

schizophrenia. Here are some examples:

Neurological disorders: Certain neurological disorders, such as Huntington's
disease, multiple sclerosis, or brain tumors, can cause symptoms of psychosis,
including delusions, hallucinations, and agitation.

Autoimmune disorders: Some autoimmune disorders, such as lupus, encephalitis,
or Anti-NMDA receptor encephalitis, can cause symptoms similar to those seen in
schizophrenia.

Endocrine disorders: Hormonal imbalances, such as those caused by
hyperthyroidism or hypothyroidism, can cause cognitive impairment, mood
disturbances, and other symptoms that may be mistaken for schizophrenia.
Metabolic disorders: Metabolic disorders, such as porphyria or Wilson's disease,
can cause neurological symptoms that may be mistaken for schizophrenia.
Infections: Some infections, such as syphilis or HIV, can affect the brain and cause
symptoms of psychosis.

Substance use: Prolonged substance use, especially stimulants like
methamphetamine, can cause psychosis with symptoms similar to schizophrenia.
Medications: Certain medications, such as steroids or anticholinergic drugs, can

cause symptoms of psychosis.

It is important to note that a thorough medical evaluation should be performed to rule
out any underlying medical conditions that may be contributing to the patient's
symptoms. A qualified healthcare professional should determine the appropriate

evaluation and treatment based on the patient's individual needs.

FIGURE 3: Using ChatGPT to develop non-psychiatric differential
diagnoses

ChatGPT was able to identify non-psychiatric causes of acute psychosis based on our patient’s presenting
symptoms of delusional thinking, responding to internal stimuli, and unprovoked aggression.

In further discussion with ChatGPT to determine an appropriate plan of assessment, ChatGPT initially
presented a relatively non-specific plan with suggestions including: gathering a medical history, performing
a physical and mental status examination, considering additional labs and imaging, and consulting
healthcare providers (Figure 4). In response to ChatGPT’s vague response, our questions evolved from “how
should we assess this patient,” to “what should I, as a healthcare provider, do to assess this patient.” Despite
our inquiry becoming more specific, the response of ChatGPT remained as non-specific as the answers in
Figure 4.
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How should we assess this patient?

Assessing a patient with symptoms of schizophrenia requires a comprehensive
evaluation by a qualified mental health professional. Here are some general steps that

may be involved in the assessment process:

Medical History and Physical Examination: The clinician will gather information
about the patient's medical history, including any medications or past illnesses, as
well as conduct a physical examination to rule out any underlying medical
conditions that may be causing the symptoms.

Psychiatric Evaluation: The clinician will conduct a psychiatric evaluation to assess
the patient's current symptoms and the impact they have on the patient's daily
functioning. The evaluation may include a mental status examination, which
involves assessing the patient's appearance, behavior, speech, mood, and
cognitive abilities.

Laboratory Tests: The clinician may order laboratory tests to rule out any physical

conditions that may be contributing to the patient's symptoms. These tests may

include blood tests, urine tests, and imaging studies such as an MRI or CT scan.
Diagnostic Criteria: The clinician will use the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5) criteria to determine if the patient meets the criteria for
schizophrenia.

Collaborative Care: It is essential to have a multidisciplinary team involved in the
care of patients with schizophrenia, including psychiatrists, psychologists, social
workers, and occupational therapists. Collaborative care can help to ensure that the

patient receives the most comprehensive treatment plan possible.

It is important to note that the assessment process may vary depending on the

specific patient and the healthcare setting.

FIGURE 4: Using ChatGPT to develop an initial plan of assessment

ChatGPT's response to inquiry about initial assessment of a patient presenting with positive symptoms of acute
psychosis.

In order to gain further insight on appropriate assessment for this patient case, we asked “What
labs/imaging should be ordered for this patient and why?” Initially ChatGPT suggested: CBC, CMP, thyroid
function tests, and imaging studies such as CT or MRI. However, this list is incomplete compared to the
comprehensive clinical laboratory work-up for acute psychosis [16]. Therefore, we asked ChatGPT to expand
upon additional appropriate labs by asking, “What other labs should be ordered at this time?” In response,
ChatGPT included: Vitamin B12 levels, serology tests, toxicology, and urinalysis. On one hand, ChatGPT did
eventually provide a comprehensive laboratory workup for acute psychosis, demonstrating its ability to
choose tests that assess for the various medical and psychiatric causes of psychosis. This function is valuable
because it prevents oversight of key details revealed by certain labs that may help to identify underlying
causes of acute psychosis like illicit drug use, alcohol-induced encephalopathy, and infection [16]. On the
other hand, it required additional user inquiry and provocation to complete this task, demonstrating that
users need a broader clinical understanding of psychosis than available to ChatGPT. This finding may prove
to be a limitation of ChatGPT in testing for medical conditions in that ChatGPT alone cannot create
comprehensive standardized plans without additional probing, thus highlighting the importance of utilizing
clinical judgment to drive patient management.

Encounter two

In Encounter Two, we assessed the capacity of ChatGPT to determine an appropriate treatment plan for this
patient case based on the initial three parameters with a series of three questions. Initially, ChatGPT
provided a non-specific list of recommendations including: antipsychotic medications, psychotherapy, and
hospitalization. In simply asking ChatGPT to recommend medications for this patient, ChatGPT establishes
its own limitations stating that as an Al language model it is unable to provide specific medical advice or
prescribe medications (Figure 5). When specifically asking ChatGPT for a list of medications, it provides
commonly used medications such as first-generation antipsychotics, second-generation antipsychotics,
mood stabilizers, and benzodiazepines (Figure 6). However, ChatGPT also mentions the necessity of
additional parameters such as the patient's medical history, symptoms, and side effects to generate a more
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tailored list. While making such suggestions, ChatGPT recommends appropriate input from healthcare
providers to discern risks and benefits for each patient.

S Which medications should be used to treat this patient?

As an Al language model, | am not allowed to provide specific medical advice or
prescribe medications. The appropriate medication for treating a patient with
psychotic symptoms can vary depending on a number of factors, such as the patient's
specific symptoms, medical history, and potential side effects of the medication. The
decision to prescribe medication should be made by a qualified healthcare
professional, such as a psychiatrist or a prescribing physician, based on a thorough
evaluation of the patient. The healthcare professional will carefully consider the risks

and benefits of different medications before making a treatment recommendation.

FIGURE 5: ChatGPT disclaimer

ChatGPT acknowledges one of its own limitations on providing medical advice and prescribing medications.
Rather, it advises supervision under a medical provider.

What is a list of medications that can be used to treat this patient?

@ As an Al language model, | cannot provide a specific list of medications without further 3
information about the patient's medical history, symptoms, and potential side effects.

However, some common medications used to treat psychotic symptoms include:

* First-generation antipsychotics (such as haloperidol, chlorpromazine, and
fluphenazine)

* Second-generation antipsychotics (such as risperidone, olanzapine, and
quetiapine)

* Mood stabilizers (such as lithium or valproate)

* Benzodiazepines (such as lorazepam or diazepam) to control agitation and anxiety

It is important to note that medication should be prescribed by a qualified healthcare

professional and tailored to the individual needs of the patient. The choice of

medication will depend on the patient's specific symptoms, medical history, and
potential side effects of the medication. Close monitoring and follow-up by a
healthcare professional are also necessary to ensure the effectiveness and safety of

the medication.

FIGURE 6: Using ChatGPT to determine appropriate medications for
acute psychosis

ChatGPT recommended medications based on the following parameters: age, gender and symptoms of
delusional thinking, responding to internal stimuli, and unprovoked aggression.

Encounter three

In Encounter Three, we prompted ChatGPT with a more formal clinical vignette including a series of three
questions with the following five parameters: age, gender, past medical history, medications, and three
pertinent symptoms. Once again, we assessed the capacity of ChatGPT to provide a diagnosis and
assessment plan. With greater user input regarding patient history, ChatGPT was able to distinguish our
presented case as a treatment-resistant form of schizophrenia (Figure 7). Not only that, it expanded its
assessment to incorporate: family history, neuropsychological testing, and social history.
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We report the case of a 22-year-old male with a six-year history of schizophrenia who
was admitted to the inpatient psychiatric service after demonstrating signs of
delusional thinking, responding to internal stimuli, and unprovoked aggression.
Multiple hospitalizations and medication failures resulted in a previously established
combination treatment regimen involving Clozapine, Olanzapine, Lithium, and
Valproate. What is the primary diagnosis of this patient?

The primary diagnosis of this patient is schizophrenia, which is a chronic and severe & GF

mental disorder characterized by delusions, hallucinations, disordered thinking, and
abnormal behavior. The patient's six-year history of schizophrenia, along with the
current symptoms of delusional thinking, responding to internal stimuli, and
unprovoked aggression, are consistent with this diagnosis. The combination treatment
regimen involving Clozapine, Olanzapine, Lithium, and Valproate suggests that the
patient has had multiple hospitalizations and medication failures, indicating a

treatment-resistant form of the disorder.

FIGURE 7: ChatGPT’s recognition of treatment-resistant schizophrenia

ChatGPT recognizes TRS, a more complex form of schizophrenia, based on a clinical vignette with the following
five parameters: age, gender, past medical history, medications, and pertinent symptoms of delusional thinking,
responding to internal stimuli, and unprovoked aggression.

Additionally, we evaluated the clinical use of ChatGPT in developing a plausible treatment plan for this
patient. ChatGPT responded with a full spectrum of possible modes of care by discussing medication
management, psychotherapy, psychosocial interventions, supportive services, and ECT as exhibited in
Figure 8. When given additional parameters, ChatGPT provides a more comprehensive and curated
treatment plan in comparison to when only given the initial three parameters as in Encounter Two. With
ChatGPT’s ability to discern this case of TRS, it included the vital recommendation of ECT. ECT is an
evidence-based, nonpharmacologic treatment approach in patients with considerable refractory
schizophrenia [8,17]. Furthermore, given the significant clinical and economic burden placed by TRS on
patients, families, and society, ChatGPT highlights key social factors in the management of TRS [14,15].
ChatGPT made suggestions involving vocational and social skills training to improve social and
occupational functioning as well as case management, housing assistance, and financial aid to provide
crucial support for these patients (Figure 8). Due to the complexity of TRS, it is imperative that we optimize
treatment plans by incorporating psychosocial training and supportive services alongside mainstay
treatment regimens.
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What is the appropriate treatment plan for this patient?

The appropriate treatment plan for a patient with schizophrenia is complex and should

be tailored to the individual's needs. In this case, since the patient has a history of
medication failures and multiple hospitalizations, a multidisciplinary approach
involving psychiatrists, social workers, and other healthcare providers may be

necessary. The following are some of the key components of the treatment plan:

Medication management: The patient's current medication regimen involving
Clozapine, Olanzapine, Lithium, and Valproate should be closely monitored and
adjusted as needed based on the patient's response and side effects. Other
medications, such as antidepressants or mood stabilizers, may also be added to
the regimen to address specific symptoms or comorbid conditions.
Psychotherapy: Various forms of psychotherapy, such as cognitive-behavioral
therapy, family therapy, or supportive therapy, may be helpful in managing the
patient's symptoms and improving their functioning.

Psychosocial interventions: Psychosocial interventions such as vocational training,
social skills training, and cognitive remediation may be helpful in improving the
patient's social and occupational functioning.

Supportive services: Supportive services such as case management, housing
assistance, and financial aid may be necessary to help the patient maintain their
stability and independence.

Electroconvulsive therapy (ECT): ECT may be considered in cases of treatment-

resistant schizophrenia or severe depressive or manic symptoms.

It's important to note that treatment for schizophrenia is often long-term and requires
ongoing monitoring and adjustments to ensure its effectiveness. Close collaboration
between the patient, their family, and the healthcare team is essential for achieving

the best possible outcomes.

<. Regenerate response

FIGURE 8: Using ChatGPT to create a treatment plan for treatment-
resistant schizophrenia

ChatGPT was able to suggest a holistic plan in the management of TRS including pharmacologic and non-
pharmacologic approaches.

Encounter four

In Encounter Four, we gathered insight on the value of ChatGPT in inpatient management for this patient
case by asking a series of five questions with the following four parameters: age, gender, symptoms, and
medications. During the course of our patient’s care, he continued to display signs of unprovoked aggression
and paranoia while on the psychiatric inpatient ward. Thus, we wished to compare our clinical management
of this patient based on standardized guidelines to treatment recommendations made by ChatGPT [8,17].
Through a series of probing questions, ChatGPT responded with clozapine, ECT, rTMS, and psychosocial
therapy which correlates with the current guidelines [8,12,17]. It even goes on to suggest non-
pharmacologic options like supplements, acupuncture, and yoga. When further prompted to provide
examples of pharmacologic treatment, ChatGPT provided combinations and doses of clozapine with a
benzodiazepine or valproate, and olanzapine with lithium which are all combinations listed in the
management of TRS as exhibited in Figure 9 [5,8,17]. For this inquiry, ChatGPT provided efficient evidence-
based multidrug therapeutic regimens for TRS. However, ChatGPT acknowledged its own limitations by
providing a disclosure to defer to a psychiatrist and healthcare team for definitive therapy.
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What would be the best medication regimen for this patient?

Determining the best medication regimen for a patient with severe symptoms of
paranoia, delusions, and unprovoked aggression can be a complex and ongoing
process that requires close monitoring and adjustment as necessary. However,
based on the information provided, here are some possible medication regimens that

may be considered:
Option 1:

* Clozapine 400mg qPM and 200mg gAM (total daily dose of 600mg)

* Lithium 600mg gAMHS

* Benzodiazepine, such as lorazepam or clonazepam, as needed for anxiety and
agitation

Option 2:

* Olanzapine 20mg qHS

* Valproate 1000mg TID

* Benzodiazepine, such as lorazepam or clonazepam, as needed for anxiety and
agitation

Option 3:

* Risperidone 6mg qHS

* Lithium 600mg gAMHS

* Benzodiazepine, such as lorazepam or clonazepam, as needed for anxiety and
agitation

It is important to note that medication regimens are highly individualized and can
vary depending on a patient's response to treatment, medical history, comorbidities,
and other factors. Treatment decisions should be made in collaboration with a

psychiatrist or other qualified healthcare provider who can monitor the patient's

symptoms, adjust medication dosages as necessary, and provide ongoing support
and care.

FIGURE 9: Use of ChatGPT in developing medication regimen for
treatment-resistant schizophrenia

ChatGPT was able to suggest various combinations and dosing of multidrug therapy for the management of
treatment-resistant schizophrenia.

The use of multiple antipsychotics supplemented with antidepressants and antiepileptics can result in many
side effects [10]. Thus we also evaluated the function of ChatGPT to generate a list of side effects to monitor
for said medications - some of which include severe adverse reactions like agranulocytosis and organ toxicity
- as demonstrated in Figures 10-11 [10]. This feature proves to be important in that it can provide healthcare
providers with clinical insight on monitoring for adverse reactions and therefore act as a secondary
checkpoint.
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What are the short-term and long-term adverse effects of the patient's medications?

The medications prescribed to the patient have various potential adverse effects, both 3

in the short-term and long-term. Here are some of the possible adverse effects of the

medications prescribed:

Clozapine:

* Short-term adverse effects: sedation, dizziness, constipation, dry mouth, weight
gain, tremors, increased salivation, and agranulocytosis (a potentially life-
threatening blood disorder that can cause fever, infection, and flu-like symptoms).

* Long-term adverse effects: metabolic syndrome, diabetes, hyperlipidemia, tardive

dyskinesia (involuntary movements), and cardiovascular disease.

Lithium:

* Short-term adverse effects: tremors, diarrhea, nausea, vomiting, and dizziness.
* Long-term adverse effects: kidney damage, hypothyroidism, and electrolyte

imbalances.

ETELGICHVEEICR

* Short-term adverse effects: nausea, vomiting, sedation, dizziness, and weight gain.
° Long-term adverse effects: liver damage, pancreatitis, and birth defects if taken

during pregnancy.

FIGURE 10: Use of ChatGPT in identifying medication adverse reactions

ChatGPT generates a list of short-term and long-term adverse reactions associated with medications listed within
the indicated therapeutic treatment regimen.

Olanzapine:

* Short-term adverse effects: sedation, dizziness, weight gain, dry mouth, and
constipation.

* Long-term adverse effects: metabolic syndrome, diabetes, tardive dyskinesia, and
cardiovascular disease.

Benzodiazepines:

* Short-term adverse effects: sedation, drowsiness, dizziness, confusion, and
impaired coordination.

* Long-term adverse effects: tolerance, dependence, and withdrawal symptoms.

It is important to note that not all patients will experience adverse effects, and the

severity and duration of adverse effects can vary among individuals. Healthcare

providers should closely monitor patients for adverse effects, adjust dosages or
medications as necessary, and educate patients and their families about the potential

risks and benefits of treatment.

FIGURE 11: Use of ChatGPT in identifying medication adverse reactions

ChatGPT generates a list of short-term and long-term adverse reactions associated with medications listed within
the indicated therapeutic treatment regimen.

Clinical use of ChatGPT in assessment and management of treatment-
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resistant schizophrenia

Overall, ChatGPT has proven to be a useful tool in synthesizing data and reporting information in a
digestible form. In the future, this program may be useful in providing clinicians with concise background
information, workup, and management of complex medical conditions.

As exhibited, ChatGPT proves that when provided with specific details, it is able to recognize TRS and
suggest laboratory studies for diagnosing. Not only that, but it can also provide concise treatment
recommendations, offer pharmacologic and nonpharmacologic treatments, and identify side effects of
medications based on current standards of care and published literature [2,3,8,17]. Specifically, it can
suggest treatment plans that address the very complex disease of TRS. One of the major difficulties to
treating TRS is that there are many adjuvant medications to clozapine and there is mixed evidence for the
efficacy of each combination [8,17].

ChatGPT organizes information and provides data in a palatable format for medical practitioners to access
quickly and reliably when compared to the practice of searching through various databases like Pubmed,
UpToDate, and Medscape with scattered information. For example, when we utilized an additional fifth
encounter to prompt ChatGPT to create a table on current standards of care for TRS, it presents us with the
detailed table exhibited in Figure 12. After creating this table, ChatGPT is also able to create a reference list
based on the given information as displayed in Figure /3. Considering the accuracy of ChatGPT’s
recommendations regarding TRS, this Al program may prove to be useful in identifying and managing other
complex diseases. Additionally, ChatGPT may ultimately serve to decrease the clinical and economic burden
of patients who may be left untreated or not optimally treated by providing healthcare providers with diverse
modes of treatment based on a clinical vignette.
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Standard of

Care

Clozapine

Augmentation

strategies

Psychotherapy

Coordinated

specialty care

Rehabilitation

Emerging
treatments

Description

Clozapine is the only antipsychotic medication approved by the
FDA for the treatment of treatment-resistant schizophrenia. It
works differently than other antipsychotic medications and has
been shown to be effective in reducing symptoms in patients

who have not responded to other treatments.

For patients who do not respond to clozapine, augmentation
strategies can be tried. These may include adding another
medication, such as an antidepressant or mood stabilizer, or
using electroconvulsive therapy (ECT) or transcranial magnetic
stimulation (TMS).

Psychotherapy, such as cognitive-behavioral therapy (CBT),
can help patients with treatment-resistant schizophrenia learn
coping skills and develop strategies to manage their
symptoms. It can also help patients address any underlying
emotional or psychological issues that may be contributing to
their illness.

Coordinated specialty care (CSC) can be particularly important
for patients with treatment-resistant schizophrenia, as it
involves a team-based approach that includes medication
management, psychotherapy, case management, and family
education and support. This comprehensive approach can help
patients better manage their symptoms and improve their
quality of life.

Rehabilitation programs, such as vocational and educational
training, can help patients with treatment-resistant
schizophrenia develop skills to live independently and improve
their overall functioning. These programs can also help
patients reintegrate into their communities and decrease the

risk of relapse.

There are several emerging treatments for treatment-resistant
schizophrenia, including glutamate modulators, glycine
agonists, and other novel pharmacological approaches. These
treatments are still in development and are not yet widely
available, but may offer hope for patients who have not
responded to other treatments.

FIGURE 12: Using ChatGPT to create a table

ChatGPT generates a table detailing the current standards of care and newly emerging treatments for TRS.
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Provide a list of citations

@ I'd be happy to provide a list of citations for the information | presented. Here they are:

American Psychiatric Association. (2020). Practice guideline for the treatment of
patients with schizophrenia.
https://www.psychiatry.org/File%20Library/Psychiatrists/Practice/Clinical%20Pra
ctice%20Guidelines/APA-Draft-Schizophrenia-Treatment-Guideline.pdf

Kane, J. M., Correll, C. U., Goff, D. C., Marder, S. R., & Hirschowitz, J. D. (2021).
Optimizing treatment of schizophrenia: Practical and evidence-based approaches.
Journal of Clinical Psychiatry, 82(Suppl. 1), 1-27.

01208-4
National Institute of Mental Health. (2019). Schizophrenia.

Olfson, M., Gerhard, T., Huang, C., Crystal, S., & Stroup, T. S. (2021). Prevalence
and treatment of schizophrenia among US adults. JAMA Psychiatry, 78(8), 897-
907. https://doi.org/10.1001/jamapsychiatry.2021.0047

Rabinowitz, J., Werbeloff, N., & Cafias, F. (2017). Coordinated specialty care for
early psychosis: A review of the literature. Psychiatric Services, 68(9), 870-877.

Strauss, G. P., Gold, J. M., & Cohen, A. S. (2019). Evolving treatments for negative
symptoms of schizophrenia. Current Psychiatry Reports, 21(5), 1-8.

FIGURE 13: ChatGPT provides reference list

After ChatGPT generated a table with current standards of care for treatment-resistant schizophrenia, we
prompted the Al program to provide a reference list.

Limitations of ChatGPT in medicine

One of the major limitations to ChatGPT is that it relies on variables determined by user input in order to
produce a response. If users input data incorrectly or suggest parameters that limit data collection, ChatGPT
is forced to produce inaccurate information. In the case of medicine where weight, medication dosage or
medical abbreviation are all factors in patient care, a simple human error such as an incorrect decimal point
or misspelling may result in an unintentional inaccurate output from ChatGPT. It requires human knowledge
and understanding to recognize these errors and proceed with caution when utilizing Al suggestions.

ChatGPT also lacks the ability to ask users to clarify an input instruction. It may list parameters it needs to
expand an answer, but it will not facilitate discussion or explicitly request the alteration of an existing
inquiry necessary to formulate an accurate response. Without this intrinsic property, ChatGPT loses an error
check option that users could modify for a more comprehensive response. This may prove to be a barrier to
novice users and novice medical professionals.

Another limitation of ChatGPT is the lack of clinical context. It has been demonstrated that ChatGPT can
collect medical information and suggest treatments based on published clinical data. It may not, however,
prove to be as adaptable in unpublished clinical contexts. Much of clinical practice is based on the personal
experience of the individual provider which is not readily available in published literature for ChatGPT. In
these instances, patients rely on the clinical expertise of medical professionals to decipher the minutiae
involved in managing their care.

Lastly, unlike common medical databases like PubMed or UpToDate which use in-text citations and explicitly
list references, ChatGPT must be prompted to supply a reference list. Therefore, when considering the
information presented by ChatGPT, it is imperative that medical professionals request a reference list to
assess whether or not the information is derived from trusted and reliable sources. Additionally, it is
important to recognize that different regions of the world may have different guidelines for management of
certain medical conditions depending on epidemiology, socioeconomics, and psychosocial factors. At this
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time, we are unable to assess whether or not ChatGPT’s recommendations can adhere to region-specific
guidelines for care.

Conclusions

In this case report, we found evidence that ChatGPT is able to perform intricate tasks relevant to handling
complex medical information. To assess ChatGPT’s performance against clinical questions, we tested its
assessment and treatment plan for a 22-year-old male diagnosed with TRS and compared the result with the
current standards of evaluation and treatment. Given the parameters of age, gender, past medical history,
medications, and three pertinent symptoms of delusional thinking, responding to internal stimuli, and
unprovoked aggression, ChatGPT was able to recognize our patient as having TRS. Additionally, ChatGPT
was able to suggest comprehensive laboratory workup to determine medical and psychiatric causes of
psychosis. Finally, ChatGPT was able to suggest a holistic treatment plan including pharmacologic and non-
pharmacologic forms of treatment for TRS which align with current clinical standards of care.

ChatGPT was able to provide adequate information for clinicians to approach TRS, however, there are also
some pertinent limitations on the clinical use of ChatGPT. For one, the quality of Al-generated responses
heavily relies on the quality of information input into the system. Additionally, it lacks the ability to request
edits to input errors and may be programmed to produce inaccurate information. ChatGPT also lacks in-text
citation which decreases transparency of Al-generated responses, thus requiring users to request a reference
list. While ChatGPT produced appropriate assessment and treatment plans for TRS based on clinical
standards of care, it was unable to fully address the complexities of a real-world case in regard to medication
failure and side effect profile without clinician evaluation. Thus, clinical care supported by ChatGPT
requires the expertise of a trained and knowledgeable medical professional. Despite its limitations, ChatGPT
has demonstrated promising functions in recognizing complex diseases, creating differential diagnoses,
proposing appropriate laboratory workups, and suggesting comprehensive treatment plans. In the future, we
should also assess the function of ChatGPT in healthcare quality improvement initiatives such as decreasing
the administrative burden on physicians by collecting electronic medical record data and implementing
triage for varying degrees of illness. These functions may result in increasing efficiency and safety in patient
care. As ChatGPT continues to expand and update its knowledge base, we are optimistic that it may one day
play a large role in assisting healthcare practitioners in providing higher quality of care.
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