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Abstract
Clozapine is the only medication approved for treatment-resistant schizophrenia. Clozapine toxicity associated
with COVID-19 infection could be amplified by concomitant nirmatrelvir/ritonavir. Knowledge gaps among
clinicians and patients led to patient safety concerns and the implementation of a quality improvement (QI)
project focused on rapid education dissemination. This QI project focused on clinicians, patients, and caregivers.
Steps included clinician education at system, regional, and national levels and patient/caregiver education at
system and regional levels. Optimization of electronic health record (EHR) tools facilitated efficient clinical
workflows, targeted patient education to facilitate shared decision making, and promoted best practices.
Education concerning risk for COVID-19, clozapine toxicity, and nirmatrelvir/ritonavir drug interactions was
distributed to more than 1400 clinicians via e-mail and conference presentations. Enduring continuing
education materials had more than 1200 views. Verbal or written education was rapidly delivered to 231
patients/caregivers and documented via autotext, an EHR tool. Following presentation of this QI project at a
schizophrenia conference, more than 95% of attendees, including health care clinicians and patients/caregivers,
rated their understanding of COVID-19, clozapine toxicity, and the interaction with nirmatrelvir/ritonavir as
“very high” or “high.” Separately, web-hosted continuing education platforms indicated that more than 75% of
clinicians rated their understanding of these 2 issues as “very high” or “high” upon module completion. By
educating patients/caregivers and clinicians about COVID-19 infection and nirmatrelvir-/ritonavir-associated
toxicity risks, this project helped ensure safe prescription of clozapine during the COVID-19 pandemic. This
project could serve as a rapid risk mitigation dissemination model of patient safety education.

Keywords: clozapine toxicity, COVID-19, nirmatrelvir/ritonavir, patient safety, rapid clinician education and
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Introduction
During the COVID-19 pandemic, expeditious dissemina-
tion of education on the manifestations, effect, and treat-
ment of COVID was paramount, including in psychiatry.
Clozapine is the gold standard for treatment-resistant
schizophrenia, and case reports of COVID-19–associated
clozapine toxicity evoked serious patient safety concerns in
the clinician community.1-3 Symptoms of clozapine toxicity
include sedation; sialorrhea; speech and gait disturbances;
and more seriously, hypotension, delirium, and seizures.
Toxicity is likely mediated by elevation of clozapine con-
centrations via significant inhibition of hepatic cytochrome
P450 (CYP) isoenzymes, primarily CYP1A2 and, to a lesser
degree, CYP3A4/5, CYP2C19, and CYP2D6.4 The most
commonly prescribed oral COVID-19 treatment, nirma-
trelvir/ritonavir, strongly inhibits CYP3A4, leading to early
concerns about clozapine toxicity and initial contraindica-
tion of coprescription of the 2 agents.5 Additionally,
COVID-19 infection itself inhibits clozapine metabolism
and may amplify the effect of nirmatrelvir/ritonavir. In
working with our patients and colleagues, it was clear that
this critical information on clozapine toxicity, COVID-19,

and nirmatrelvir/ritonavir was not widely known. There-
fore, the goal of this quality improvement (QI) initiative
was to disseminate needed safety information on clozapine
toxicity and these potentially important interactions to
increase awareness, improve patient safety, and optimize
management of clozapine in the setting of an active
COVID-19 infection.

Methods
This project was a multistep, multidisciplinary, structured,
clinical QI project focused on providing interdisciplinary
health care professionals, patients, and patient caregivers
education on the risks of clozapine toxicity and the poten-
tial drug-drug interaction between nirmatrelvir/ritonavir
and clozapine during the COVID-19 pandemic. Targeted
clinicians included physicians, pharmacists, advanced prac-
tice providers, and nurses. Patients/caregivers were, in part,
targeted to bridge knowledge gaps in which clozapine is
not frequently prescribed and psychiatric services are not
consistently embedded, for example, in primary care
offices, urgent cares, and emergency departments. The pro-
ject was approved by the University of Pittsburgh Medical
Center (UPMC) Quality Improvement Review Committee
and, thus, no separate institutional review board approval
was needed.

System and Statewide Clinical Education

A succinct slide set was developed with a summary slide
recommending clinical actions, documentation, and addi-
tional resources based on the clinical scenario. These sce-
narios included (1) a patient taking clozapine who
contracted COVID-19; (2) a patient taking clozapine who
contracted COVID-19 and a nirmatrelvir/ritonavir pre-
scription was being considered; and (3) a patient not taking
clozapine but taking other medications that were metabo-
lized by or were substrates of CYP 1A2, 3A4, and/or 2C19,
was COVID-19 positive, and nirmatrelvir/ritonavir was
being considered. This resource was distributed through
email by leadership of the UPMC Western Behavioral
Health (WBH) network, including multiple hospitals and
ambulatory divisions, and by the chief psychiatric officer at
the Department of Human Services, Office of Mental
Health and Substance Abuse Services, to all state hospital
clinical staff. Subsequently, 2 enduring and archived con-
tinuing education (CE) offerings were developed, one on
COVID-19 and clozapine toxicity and a second on nirma-
trelvir/ritonavir, COVID-19, and clozapine. These were
disseminated across the behavioral health network (BHN),
including to clinicians working in medical settings, and
accessible to all interested health care professionals within
and outside of the system.6,7
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Facilitating Best Practice and Documentation
Via the Electronic Health Record (EHR)

System EHR drug-drug interaction checkers were opti-
mized with information technology to include up-to-date
interaction information on clozapine and nirmatrelvir/rito-
navir. Autotexts (also called dotphrases or smartphrases)
were developed to facilitate documentation of patient/care-
giver education provided on (1) risks of clozapine toxicity
with COVID-19 infection, (2) monitoring for clinical
signs/symptoms of clozapine toxicity, (3) possible interac-
tion with coadministration of nirmatrelvir/ritonavir, and
(4) instructions to seek emergency care for clozapine toxic-
ity symptoms. Autotexts encourage incorporation of stan-
dard text into patient notes with an efficient mouse click or
key stroke. These texts also reminded documenting clini-
cians of recommended practice and reinforced patient edu-
cation between appointments in Open Notes systems, in
which patients have full access to their medical record. Use
of autotexts is reportable via structured query language
(SQL) query. Clinicians were educated about this auto-
text via BHN leadership communication. Smaller groups
of known clozapine clinicians affiliated with the aca-
demic psychosis specialty service line Comprehensive
Recovery Services (CRS) were also directly contacted by
project staff.

Promoting Patient and Caregiver Education in
a Targeted Population Receiving Clozapine

Patient and caregiver education was targeted to the BHN’s
largest clozapine-prescribing entity, a multidisciplinary clo-
zapine clinic within UPMC WBH Western Psychiatric
Hospital (WPH) CRS that served 172 patients in 2022 and
includes colocated phlebotomy, pharmacy, and nursing ser-
vices. During the pandemic, as previously described,8 many
clozapine clinic patients did not regularly come into the
clinic and instead used telehealth. Given these constraints,
and need for rapid dissemination, clozapine clinic patients
and caregivers were targeted by phone call between June 1,
2022, and November 8, 2022, for education as described.
Patient lists were developed through pharmacy records and
cross-validated with reports from Sigmund, a Qlik Software
data warehouse visualization dashboard supported by
UPMC Clinical Analytics. If patients/caregivers were not
reached after the first phone call, a subsequent call was later
attempted. Voicemails, if available, were left with callback
information with each missed call. When an outreach
attempt was successful, it was recorded in the patient’s
EHR using the autotext and was tracked through spread-
sheets cross-referenced with an autotext SQL query.
When 2 phone outreach attempts did not yield a success-
ful contact, an educational letter was sent to the patient’s
address.

Efforts at Regional and National Dissemination

Health care entity leadership and individual clinicians were
contacted at neighboring medical centers, and links to the
durable CE resources were provided gratis. A presentation
was given at the 39th UPMC WBH Schizophrenia Confer-
ence, which disseminates research and clinical advance-
ments in schizophrenia to regional clinicians, health care
and insurance administrators, and patients and caregivers.
The conference was held online and incorporated well-
used question-and-answer periods. Project posters were
presented at the annual BHN Quality Improvement Fair.

National dissemination first occurred by way of a published,
peer-reviewed, clinical case report on clozapine concentra-
tions and toxicity in a patient with COVID-19.2 A subse-
quently published, peer reviewed case series detailed clozapine
concentrations and clinical presentations of patients taking
clozapine and experiencing repeated COVID-19 infections.3

A clinical tip, expert-reviewed and published online by SMI
Adviser,9 which is administered by the American Psychiatric
Association to promote best practices in the treatment of
patients with serious mental illness, was also published. The
clinical tip focused on monitoring for and management of
clozapine toxicity with COVID-19 infection. An earlier clini-
cal tip had been separately authored regarding the precautions
of clozapine and nirmatrelvir/ritonavir combination.10 Fur-
ther dissemination occurred through a panel at the 2023
annual meeting of the American Society of Clinical Psycho-
pharmacology (ASCP).

Results
The slide set was emailed to 310 clinicians in our health care
system and to 738 in the state hospital system. The 2 CE vid-
eos had a combined 329 views by December 7, 2023. The
UPMC WBH Schizophrenia Conference had 304 attendees;
the Quality Improvement Fair had more than 190. Please see
the Table. The CE evaluations from the UPMC WBH
Schizophrenia Conference were available for 165 attendees
and incorporated 2 key questions. For the first question, “As
a result of participating in this CE activity, to what degree
were you able to evaluate the medical and nursing manage-
ment of clozapine toxicity using the illustrative case?”, 97.6%
rated their understanding as “very high” or “high” and 2.4%
as “moderate” (Figure). For the second question, “As a result
of participating in this CE activity, to what degree were you
able to understand the significant precautions of using Pax-
lovid (nirmatrelvir/ritonavir) in clozapine-treated patients
who experience mild to moderate COVID-19?”, 95.6% rated
it “very high” or “high,” 3.6% as “moderate,” and 0.80% as
“low” (Figure). Summary reports were available from 1 CE
web-hosted platform. Among the 76 participants who
answered the above question 1, 77.6% rated it as “very high”
or “high,” 20.7% as “moderate,” and 1.7% as “low,” and for
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question 2, 75% said “very high” or “high,” 24% said “mod-
erate,” and 1% said “low” (Figure). In comparing question 1
results between the live UPMC WBH Schizophrenia Confer-
ence and the recorded CE videos, results were significantly
different with “very high” or “high” ratings being more
common among conference attendees (Fisher exact test
P , .00001). Significant differences also were observed
for question 2 with more conference attendees giving “very
high” or “high” ratings (Fisher exact test P , .00001). The
SMI Adviser clinical tip received more than 843 views by
January 2024.

Phone counseling of 149 (86.6%) clozapine clinic patients/
caregivers was completed via the project workflow as
described. Clozapine clinic patients/caregivers who were
not successfully contacted by phone (n ¼ 23, 13.4%) were
sent letters. An additional 59 out of a total 66 clozapine
patients/caregivers not served by the clozapine clinic, but
by other office- or community-based CRS services, received
verbal counseling as part of standard care delivery. Clinicians
working in these settings chose to provide the project-recom-
mended patient education and use the documentation auto-
text as part of routine clozapine care delivery, demonstrating
successful practice change without additional workflow sup-
port. In total, verbal counseling of 208 clozapine patients/care-
givers was completed as confirmed by SQL query generated
report of autotext usage.

Discussion
Rapid dissemination of education on clozapine toxicity and
putative interaction with COVID-19 infection and treatment

was needed during the pandemic to help ensure continued
safe prescribing of this critical medication. Combined local,
regional, and national efforts led to education of more than
2000 health care professionals and more than 200 local
patients/caregivers, all of whom helped promote shared
decision making and patient safety during a time of strained
health care resources. Clinicians rated their understand-
ing of the topics as quite high after engagement with pro-
ject-generated CE. Interestingly, statistically significant
differences in learner evaluations were observed between
the virtual schizophrenia conference and the prerecorded
CE videos, suggesting that the schizophrenia conference
may have more optimally achieved its learning objectives.
During the pandemic, opportunities in synchronous and
asynchronous medical education grew exponentially with
some studies suggesting superiority of synchronous learn-
ing,11 including in case-based style approaches as were used
in this project.12 This may at least partially account for
differences in perceived learner benefit between modali-
ties. Furthermore, EHR optimization through autotexts and
of drug-drug interactions checkers further enhanced educa-
tion and safety. Given these findings, our efforts, as outlined,
may be used as a road map for expedient patient, caregiver,
and continuing medical education during pandemics and
similar emergencies.

There are a few limitations of this project. Given the need
to quickly integrate this information into practice and the
challenges of the pandemic, we did not collect pre-post
measures of knowledge, nor could we objectively track
COVID-19-related changes in clozapine dose that occurred
subsequent to knowledge gain. Evidence of practice change
was limited to capturing use of the autotext. High rates of

FIGURE: CE evaluations for presentations on clozapine toxicity, COVID-19, and nirmatrelvir/ritonavir drug interactions;
schizophrenia conference n = 165, web-hosted modules n = 76
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patient/caregiver engagement may be a product of the
high-intensity, well-resourced clozapine clinic model.
However, clozapine-prescribing clinicians and nurses not
affiliated with the clozapine clinic did educate patients and
caregivers without additional staff support. This supports
the principle that the uptake of novel clinical interventions
can be best facilitated when perceived as both clinically
important and efficient.

Conclusion
This QI project led to the successful, rapid education of
health care professionals, patients, and caregivers about the
risks of clozapine toxicity associated with COVID-19 infec-
tion and potential drug-drug interactions between nirma-
trelvir/ritonavir and clozapine. Professional education and
EHR workflow change was demonstrated through a model
that may be modified to support other practice changes
that require rapid adoption.

Acknowledgments
We gratefully thank Ms Joan Spinogatti, AAS, for assisting with
the PowerPoint slide, table, coordinating efforts among the
authors, and manuscript submission. We also thank Luke
Swider, MD, and the Clozapine Clinic and CRS ambulatory
services nurses for their work in supporting patients and family
education during the pandemic. We thank Jane Thomas, BSN,
RN, PMH-BC, nurse manager; Ms Kelly Mullen, program
director; and staff for facilitating education of patients at the
adult residential mental health facility. We extend our gratitude
to the Information Technology team, especially Angela Petroski
and Emily Horvath, who helped optimize drug-drug
interactions checkers and supported the development of system
autotexts and reports for this project, and Dr Kurt Ackerman,
medical director of Behavioral Health Informatics. We also
thank CRS Administrators for their efforts in facilitating
education of patients/caregivers, and the UPMC Forbes
Pharmacy Staff in extracting the reports of clozapine-treated
patients whom we needed to contact. We thank Drs Ken Nash
and Gina Perez and their administrative staff in distributing the
succinct slide set clinicians in the UPMC Western Psychiatric
Hospital, affiliated behavioral health clinics, and clinics and
hospitals of the UPMCWestern Behavioral Health Network. We
thank the Chief Medical Officers and Chief Executive Officers of
the Commonwealth of Pennsylvania State Hospitals in helping
to distribute the overview slide set to psychiatrists, pharmacists,
and nurses. We also gratefully thank the Clozapine Center of
Excellence experts at SMI Adviser who reviewed the clinical tip
and provided constructive comments.

References
1. Tio N, Schulte PFJ, Martens HJM. Clozapine intoxication in

COVID-19. Am J Psychiatry. 2021;178(2):123-7. DOI: 10.1176/
appi.ajp.2020.20071039

2. Chengappa KNR, Thomas J, Kahn CE, Clinebell K, Mullen KK,
Arbutiski L, et al. COVID-19 infection, fluctuations in the cloza-
pine/norclozapine levels and metabolic ratio and clozapine toxic-
ity: an illustrative case-report. Schizophr Res. 2022;244:66-8. DOI:
10.1016/j.schres.2022.05.009

3. Clinebell K, Thomas J, Yabs M, Chengappa KNR. Longitudinal
observations of the severity of COVID-19 infection and its impact
on clozapine/norclozapine levels and clozapine toxicity in patients
experiencing multiple episodes. Schizophr Res. 2023;262:142-5.
DOI: 10.1016/j.schres.2023.11.002

4. Lenoir C, Terrier J, Gloor Y, Curtin F, Rollason V, Desmeules JA,
et al. Impact of SARS-CoV-2 infection (COVID-19) on cytochromes
P450 activity assessed by the Geneva cocktail. Clin Pharmacol Ther.
2021;110(5):1358-67. DOI: 10.1002/cpt.2412

5. Pfizer Inc. Letter to healthcare providers—contraindications related
to drug interactions associated with PaxlovidTM. [cited 2024 Jan 8].
Available from: https://www.paxlovidhcp.com/files/Updated-Contra
indications-Letter-for-Healthcare-Providers_June-2022.pdf

6. Chengappa KNR, Thomas J. Monitoring for clozapine toxicity
with a focus on COVID-19 infection. UPMC Physician Resources.
June 2022. [cited 2024 Jan 8]. Available from: https://www.upmcphy
sicianresources.com/cme-courses/monitoring-for-clozapine-toxicity-
with-a-focus-on-covid19-infection

7. Chengappa KNR, Yabs M, Zimmerman J. Contraindication of
using nirmatrelvir-ritonavir (PaxlovidTM) with clozapine. UPMC
Physician Resources. January 2023. [cited 2024 Jan 8]. Available
from: https://www.upmcphysicianresources.com/cme-courses/con
traindication-of-using-nirmatrelvirritonavir-paxlovid-with-clozapine

8. Nichols J, Gannon JM, Conlogue J, Sarpal D, Montgomery JL,
Sherwood R, et al. Ensuring care for clozapine-treated schizo-
phrenia patients during the COVID-19 pandemic. Schizophr Res.
2020;222:499-500. DOI: 10.1016/j.schres.2020.05.053

9. Chengappa KNR, Thomas J, Clinebell K, Yabs M. SMI Adviser—
National Clozapine Center of Excellence. Vigilance and monitor-
ing for clozapine toxicity during COVID-19 infection and recom-
mendations for management [updated 2023 Dec; cited 2024 Jan
5]. Available from: https://smiadviser.org/knowledge_post/vigi
lance-and-monitoring-for-clozapine-toxicity-during-covid-19-
infection-and-recommendations-for-management

10. Striebel J. SMI Adviser – National Clozapine Center of Excellence.
January 2022. Recommendations for managing patients on pimo-
zide, lurasidone, or clozapine during treatment with a 5-day
course of Paxlovid. [cited 2024 Jan 5]. Available from: https://
smiadviser.org/knowledge_post/recommendations-for-manag
ing-patients-on-pimozide-lurasidone-or-clozapine-during-treat
ment-with-a-5-day-course-of-paxlovid

11. Yadav SK, Para S, Singh G, Gupta R, Sarin N, Singh S. Compari-
son of asynchronous and synchronous methods of online teach-
ing for students of medical laboratory technology course: a cross-
sectional analysis. J Educ Health Promot. 2021;10:232. DOI: 10.4103/
jehp.jehp_1022_20

12. Li EY, Tsai SDC, Macnow A. Clinical learning in a time of
COVID-19: perspectives from clerkship students [version 1].
MedEdPublish 2021;10:68. DOI: 10.15694/mep.2021.000068

Ment Health Clin [Internet]. 2025;15(1):30-5. DOI: 10.9740/mhc.2025.02.030 35

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-09 via O
pen Access. This is an open access article distributed under the term

s of the
C

reative C
om

m
ons Attribution-N

onC
om

m
ercial 3.0 License, w

hich perm
its non-com

m
ercial use, distributio... https://creativecom

m
ons.org/licenses/by-nc/3.0/

https://doi.org/10.1176/appi.ajp.2020.20071039
https://doi.org/10.1176/appi.ajp.2020.20071039
https://doi.org/10.1016/j.schres.2022.05.009
https://doi.org/10.1016/j.schres.2023.11.002
https://doi.org/10.1002/cpt.2412
https://www.paxlovidhcp.com/files/Updated-Contraindications-Letter-for-Healthcare-Providers_June-2022.pdf
https://www.paxlovidhcp.com/files/Updated-Contraindications-Letter-for-Healthcare-Providers_June-2022.pdf
https://www.upmcphysicianresources.com/cme-courses/monitoring-for-clozapine-toxicity-with-a-focus-on-covid19-infection
https://www.upmcphysicianresources.com/cme-courses/monitoring-for-clozapine-toxicity-with-a-focus-on-covid19-infection
https://www.upmcphysicianresources.com/cme-courses/monitoring-for-clozapine-toxicity-with-a-focus-on-covid19-infection
https://www.upmcphysicianresources.com/cme-courses/contraindication-of-using-nirmatrelvirritonavir-paxlovid-with-clozapine
https://www.upmcphysicianresources.com/cme-courses/contraindication-of-using-nirmatrelvirritonavir-paxlovid-with-clozapine
https://doi.org/10.1016/j.schres.2020.05.053
https://smiadviser.org/knowledge_post/vigilance-and-monitoring-for-clozapine-toxicity-during-covid-19-infection-and-recommendations-for-management
https://smiadviser.org/knowledge_post/vigilance-and-monitoring-for-clozapine-toxicity-during-covid-19-infection-and-recommendations-for-management
https://smiadviser.org/knowledge_post/vigilance-and-monitoring-for-clozapine-toxicity-during-covid-19-infection-and-recommendations-for-management
https://smiadviser.org/knowledge_post/recommendations-for-managing-patients-on-pimozide-lurasidone-or-clozapine-during-treatment-with-a-5-day-course-of-paxlovid
https://smiadviser.org/knowledge_post/recommendations-for-managing-patients-on-pimozide-lurasidone-or-clozapine-during-treatment-with-a-5-day-course-of-paxlovid
https://smiadviser.org/knowledge_post/recommendations-for-managing-patients-on-pimozide-lurasidone-or-clozapine-during-treatment-with-a-5-day-course-of-paxlovid
https://smiadviser.org/knowledge_post/recommendations-for-managing-patients-on-pimozide-lurasidone-or-clozapine-during-treatment-with-a-5-day-course-of-paxlovid
https://doi.org/10.4103/jehp.jehp_1022_20
https://doi.org/10.4103/jehp.jehp_1022_20
https://doi.org/10.15694/mep.2021.000068

