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On this episode of the psychiatry and psychotherapy podcast, we are joined by psychiatrist,
psychopharmacologist, and author, Dr. Jonathan Meyer, to talk about using antipsychotic
plasma levels to assess treatment response, safety, and oral medication adherence. He is a
clinical professor of psychiatry at the University of California, San Diego. He recently published
a book with Dr. Stephen Stahl for clinicians to utilize called, The Clinical Use of Antipsychotic
Plasma Levels: Stahl's Handbooks.

Dr. Meyer reports the following conflicts of interest:

1) Dr. Meyer reports having received advising fees in the prior 12 months from Acadia
Pharmaceuticals, Alkermes, Intra-Cellular Therapies, Karuna, Neurocrine and Sunovion
Pharmaceuticals.

2) Dr. Meyer reports having received speaking fees in the prior 12 months from Acadia
Pharmaceuticals, Alkermes, Intra-Cellular Therapies, Neurocrine, Noven, Otsuka
America, Inc., Sunovion Pharmaceuticals.

Based on our assessment, Dr. Meyer did not unduly mention or promote the associated
medications in this episode. Dr. Puder and Joshua Salzman have no conflicts of interest to
report.

This PDF is a supplement to the podcast “Psychiatry & Psychotherapy” Episode 127 found on
iTunes, Google Play, Stitcher, Overcast, PlayerFM, PodBean, TuneIn,
Podtail, Blubrry, Podfanatic

Why use antipsychotic plasma levels?
When prescribing antipsychotics to people with schizophrenia, most clinicians use their past
experience and training when approaching the ideal dose of an antipsychotic medication rather
than drawing an antipsychotic level. Clinicians assess the need for dose adjustments clinically;
they do this by observing a patient’s mental status, presence or absence of psychotic
symptoms, and presence or absence of adverse effects from the chosen medication. Often this
clinical approach to medication titration is not enough to achieve symptomatic response. One
study of 99 people with schizophrenia who were thought to be treatment resistant and in need of
clozapine showed that 35% had subtherapeutic plasma antipsychotic levels (McCutcheon, et.
al, 2018).
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This study illustrates how difficult it can be, in the absence of antipsychotic plasma levels, for
clinicians to define treatment-resistant schizophrenia. Treatment-resistant individuals are
patients who have failed multiple trials of different antipsychotic medication. There are several
reasons that are often overlooked by clinicians that patients “fail” a trial of a medication. Patients
could be nonadherent, underdosed, or rapidly metabolize the antipsychotic due to genetic
reasons or the presence of enzyme inducers (McCutcheon et.al, 2015).

Antipsychotic nonadherence is common in patients with schizophrenia and, unfortunately,
clinicians are poor estimators of nonadherence (Dufort and Zipursky, 2019, Brian et. al, 2014)
Byerly et. al, 2007, Lopez et.al, 2017). How does one mitigate the issues of nonadherence,
underdosing, and genetic variations in drug metabolism? One strategy is to utilize plasma
antipsychotic levels and therapeutic thresholds.

What is a therapeutic threshold?

The therapeutic threshold for antipsychotics is “a plasma level of the medication that best
differentiates true responders from non-responders” (Meyer and Stahl, 2021).

What are responders and nonresponders?

Per the recent literature for acute psychosis trials, a response is defined as 50% symptom
reduction (Samara et al., 2015).

Some patients may respond significantly below the response threshold. For mental health
providers, the therapeutic threshold represents an initial target plasma level for patients who are
“inadequate responders who do not experience dose-limiting adverse effects” (Meyer, 2021).

How reliable are genetic tests in measuring who are
responders vs. nonresponders?

Providers may ask: “Why not just check a patient’s CYP450 genetic
metabolic profile?”

When genetic panels were released, they were thought to give hope for many patients to better
understand their individualized response to medication. To date, the panels continue to utilize
polymorphisms that were identified over a decade ago (Meyer, 2021). Since the discovery and
commercial utilization of these polymorphisms, several new alleles have been discovered.
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Unfortunately the genetic panel companies have not been able to update their panels with these
newly identified alleles. Therefore, when a patient receives a genetic panel and their report says
“extensive metabolizer at CYP2D6”, misleading information may be provided to the clinician and
patient. People also are not “single gene” metabolizers and have multiple polymorphisms that
contribute to their metabolism of certain medications (Ruan and de Leon, 2020). Furthermore,
the genetic panels do not consider the external factors that influence a patient’s response to
medication such as: medicines that act as metabolic inhibitors or inducers, variable absorption
of medication, how our renal system processes medications, medication adherence, or
overdosing on medication. Plasma levels provide the clinician with the specific information (i.e.,
the drug level) which accurately reflects the sum total of all these interacting factors (Ruan and
de Leon,  2020).

D2 Occupancy and PET Scans:
The literature has shown a correlation between the percentage of D2 receptor occupancy for
typical antipsychotics and treatment efficacy. For antipsychotics whose presumed mechanism is
D2 antagonism, PET scans obtained at steady state show a range of occupancy thresholds for
an adequate antipsychotic response from 50% to 65%. The lower values come from studies of
first-episode schizophrenia patients, but 60%-65% are the most commonly cited values for
chronic schizophrenia (Uchida et al. ,2011, Arkawa et al.,2020, de Haan et al. 2003). After
surpassing the threshold of 80% D2 occupancy, the risks of adverse neurological effects (e.g.,
parkinsonism, akathisia, dystonia) increase. The “sweet spot” for D2 occupancy is between
65%-80% (Meyer, 2021).

A. Issues with partial agonists: Aripiprazole, brexpiprazole & cariprazine have varying levels
of intrinsic dopamine activity and operate at 80%-100% D2 occupancy (Meyer, 2021).

B. Issues with other antipsychotics: clozapine and lumateperone work with extremely low
levels of D2 occupancy, so the correlation between response and occupancy does not
hold (Meyer, 2021).

How can mental health providers use therapeutic
thresholds clinically?

● They can use them to assess if the patient is receiving minimally effective antipsychotic
exposure when there appears to be a lack of response.

● They can use them to assess if a patient has a high level when they are experiencing
adverse effects, or to decide when further dose and plasma levels increase are unlikely
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to benefit the patient, and will push the level beyond the point of futility where the
chances of response are < 5%.

● They can use them to assess an accidental or intentional overdose.
● They can use them to address medication nonadherence (Meyer, 2021).

We must clarify several questions when discussing a patient’s
plasma level, accidental overdose, and medication
nonadherence:

1) Is the patient taking multiple doses?
a) In order to improve adherence, providers should aim to utilize once daily dosing

and minimize changes to the patient’s regimen (Pfeiffer, Ganoczy, and
Valenstein, 2008).

2) What does the objective data tell the provider?
a) The current evidence-based strategies show that inquiring about prescription

refills, receiving 3rd party information, scheduling home visits with unannounced
pill counts, and ordering plasma antipsychotic levels are effective strategies to
gather objective data (Velligan et al., 2007).

b) It is important to not assume or infer any level of adherence based on the
provider’s perceived patient stability or what the patient self-reports (Meyer,
2021).

3) How do we remind the patient to take their medication?
a) Providers may utilize every tool available to them “(e.g., reminders via text,

phone or email; timed pill boxes with alerts) despite literature suggesting modest
benefits” (Nieuwlaat et al., 2014, Beebe, Smith, Phillips, 2017, Xu et al., 2019,
Uslu and Buldukoglu, 2020).

4) How can providers communicate effectively?
a) It is important to normalize nonadherence to uncover the entirety of the patient’s

struggle with compliance (McCabe et al., 2013).
b) Framing nonadherence in a nonjudgmental way has shown to be an effective

way of inquiry such as: “Most people who take medicines every day miss some
doses. How many do you think you missed in the past 4 weeks?” rather than
offering a question such as “Did you take your pills?” to which the answer will
uniformly be “Yes” (Meyer, 2021).

c) It is important to gauge the patient’s attitudes toward their treatment. Providers
should openly and nonjudgmentally solicit explanations and concerns that relate
to the patient’s noncompliance. Providers should aim to “utilize shared
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decision-making principles as much as possible” (McCabe et al., 2013, Gaebel et
al., 2010, Quirk et al., 2010).

5) Is nonadherence common?
a) 50% of patients with any chronic conditions, whether psychiatric in nature or not,

struggle with oral medication adherence (Lam and Fresco, 2015, Abegaz et. al,
2017 ).

b) Providers should be aware that medication nonadherence is a “common,
persistent and pervasive issue” (Meyer, 2021).

c) It is important to “not become complacent, regardless of your level of expertise”
(Kurokawa et al., 2019).

d) Providers should aim to understand that “medication adherence is dynamic and
changes over time” (MacEwan et al., 2016).

My patient has an antipsychotic level above the therapeutic
threshold...now what?

Having a plasma level above the therapeutic threshold is no guarantee of response. Assuming
tolerability, the plasma level should be titrated in nonresponders until one of 3 endpoints are
reached (Meyer and Stahl, 2021):

1. The patient has improved significantly and is a responder.
2. The patient experiences dose limiting adverse effects.
3. The “point of futility” is reached.

What is the “point of futility” (Meyer, 2021)?

The point of futility is a term devised to provide clinicians a single upper limit value, and to
educate clinicians about two important concepts (Meyer, 2014):

1) Often, when a patient can no longer tolerate an antipsychotic’s adverse effects, this is a
sign to end an antipsychotic trial. A small number of patients may never experience
dose-limiting adverse effects and others will tolerate further antipsychotic titration to higher
doses, even with high potency first generation antipsychotics ( Simpson and
Kunz-Bartholini, 1968).

2) Although a patient may be able to tolerate higher doses of a drug trial, titrating beyond a
certain plasma level (the point of futility) is futile, “as less than 5% of patients will respond to
these higher plasma levels” (Meyer, 2014, Midha et al., 1994).
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Do different labs report varying plasma level ranges?

Unfortunately, clinicians and their patients may see inconsistent ranges of antipsychotic levels
reported from different lab drawing services. This is a problem that appears unique to
antipsychotics; such wide variations are not seen for mood stabilizers such as lithium and
valproate. These discrepancies in lab reporting of antipsychotic therapeutic ranges can cause
concern and confusion for the treating clinician; at times, this may result in an inappropriate
reaction to an elevated or lowered antipsychotic level (Meyer and Stahl, 2021).

For example as of July 2020:

● Quest Labs reports a therapeutic range for Haloperidol: 5-15ng/mL, while LabCorp
reports a therapeutic range for Haloperidol: 1-10 ng/mL.

● ARUP reports that the toxic haloperidol level is > 42.0 mg/mL, while LabCorp reports a
potentially toxic haloperidol level is > 50.0 mg/ml.

How do we respond to high antipsychotic levels?

When we see elevated antipsychotic levels, our primary concern is to evaluate the patient's
safety. We assess a patient’s safety through clinical evaluation. Many clinicians become
alarmed when high levels are reported; as a reaction to this, providers may reduce doses
without first determining whether the elevated level is congruent with the clinical picture. Most
patients with high plasma levels typically show adverse effects consistent with the level.
Furthermore, as noted above, there is wide variation in what laboratories refer to as a high
antipsychotic level (Meyer, 2021, Meyer 2019).

Before any action to lower a dose or discontinue a patient’s medication, a few steps need to be
performed:

Steps to Evaluate A Patient’s Elevated Antipsychotic Level (Meyer, 2021):

1) When approaching an elevated antipsychotic level, it is best to explore this
finding with the patient themself. Ideally, they should be seen in the clinic, in
person. If the patient cannot attend the clinic, then they may be contacted by
phone or telemedicine. The goal of this encounter is to assess the patient’s
changes in their response to their medication. The clinician should explore if the
patient is experiencing new adverse effects or changes in severity of preexisting
adverse effects.

2) If a patient is receiving divided daily oral doses, explore with the patient if the
morning dose was accidentally given prior to the patient’s blood draw.
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3) If a patient is taking an oral antipsychotic, determine if the level was drawn at a
“12hr ± 2hr trough” (Meyer, 2021). If the patient is on a LAI, explore “whether the
level was obtained at peak concentrations based on the specific kinetics of that
preparation, or if it was drawn at trough levels 1 hr-72hr prior to the next
scheduled dose” (Meyer, 2021).

4) It is imperative to assess whether the intended oral dose was in fact ingested, or
whether there was an accidental or intentional overdose. Clinicians must lean on
their therapeutic alliance with their patients to investigate an accidental or
intentional overdose of their medication. If the patient is prescribed an LAI,
assess whether the intended doses were administered and then explore the
recent schedule of injections.

5) Review all of the patient’s active psychiatric and nonpsychiatric medications to
determine whether a metabolic inhibitor, like a CYP450 inhibitor, was recently
added, or whether a metabolic inducer was recently discontinued.

In conclusion, utilizing plasma levels helps providers
and patients.
Plasma levels offer providers an objective marker to assess a patient’s response to an
antipsychotic medication. They help inform mental health providers if the patient is adherent to
their regimen and conclude how the patient is breaking down the medication. A plasma level
also offers the provider information if the patient is receiving an adequate dose, or receiving too
high a dose. Providers routinely draw Lithium or Valproic Acid levels to assess a patient’s
therapeutic response and safety profile- why not draw antipsychotic levels? The provider may
use the patient’s plasma level to adjust the current dose and understand a patient’s reasons for
possible medication nonadherence. Providers should lean on their therapeutic alliance with their
patient and align their goals. If this is achieved, antipsychotic adverse effects can be minimized
and the patient’s treatment response can be optimized.

For those of you interested, you can find Dr. Meyer’s book here.
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