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Learning Objectives

At the end of this session, participants should be able to:
1. Define the importance of antiretroviral stewardship
2. Describe the basics around managing a hospital's antiretroviral formulary
3. Identify resources available to find information on how to manage a drug interaction with 

antiretroviral therapy
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Audience Poll Question: #1 of 2

a. Nurse 

b. Pharmacist 

c. Physician

d. Other 

I am a _______
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Audience Poll Question: #2 of 2

a. Minimal

b. Average

c. Above average

d. Expert

I would describe my knowledge of antiretroviral therapy 
and antiretroviral stewardship as _______
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What is Antiretroviral Stewardship? 



Differentiating Between Antimicrobial & Antiretroviral Stewardship 

Antimicrobial Stewardship Programs (ASP)

• Definition:
– “Coordinated interventions designed to improve 

and measure the appropriate use of agents by 
promoting the selection of the optimal drug 
regimen, including dosing, duration of therapy, 
and route of administration”

• Goals:
– Right Drug 
– Right Dose 
– Right Route 
– Right Duration 

Antiretroviral Stewardship Programs (ARVSP)

• Definition:
– “Coordinated interventions designed to improve 

continuity of care for patients receiving ARVs 
through the utilization of evidence-based ARV 
practices including medication reconciliation, 
dosing, mitigation of drug interactions, and 
prevention of viral resistance”

• Goals:
– Right Drug
– Right Dose 
– Right Route

Koren D et al. Clin Infect Dis. 2020, 2241–2246
SHEA. Infect Control Hosp Epidemiol 2012; 33:322 –7



Why is Continuing the Continuity of Care so Important with Antiretroviral Therapy?

• Adherence is integral to the long-term success with antiretroviral therapy

• Increased adherence to therapy is associated with:
– Less virologic failure
– Higher CD4 lymphocytes 

 Lower risk opportunistic infection 

• Goal adherence associated with improved outcomes 
– Historically: ≥ 90‒95%

• Recent data suggests 
– May be regimen dependent 
– Some regimens maybe fine with 75‒80% adherence 

Paterson D, et al. Ann Intern Med. 2000;133:21–30. Arnsten J, et al. J Gen Intern Med. 2002;17:377–381. 
Bangsberg D, et al. AIDS. 2000;14:357–366. Cheng, Y., et al. Medicine, 2018 97(2), e9430.
Pharmacy Quality Alliance. https://www.pqaalliance.org/assets/Measures/PQA_HIV_Measure_Overview.pdf Accessed May 20th, 2021
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Barriers to Adherence

Outpatient Setting

• Social situations 
• Clinical condition
• Prescribed regimen 
• Patient-provider relationship

Regimen components associated with improved 
adherence
• Once daily regimens 
• Low pill burden
• Without food requirements 
• Few side effects or toxicities 

Inpatient Setting 

• Medication reconciliation issues
• Hospital formulary 

– Not having the appropriate combination product 
– Not having the appropriate formulation

• Order entry errors 
– Timing 

• Acute conditions 
– Acute renal failure 
– Loss of oral route 

Panel on Antiretroviral Guidelines for Adults and Adolescents. Available at https://clinicalinfo.hiv.gov/sites/default/files/inline-files/AdultandAdolescentGL.pdf.  Accessed (6/15/2021).

Raboud J, et al. AIDS Behav. Oct 2011;15(7):1397-1409. Nachega JB, et al. Clin Infect Dis. May 2014;58(9):1297-1307. 
Clay PG, et al. Medicine. Oct 2015;94(42):e1677. Li EH, Foisy MM. Ann Pharmacother 2014; 48:998–1010.
Liedtke MD, et al. HIV Med 2016; 17:717–23. Yehia BR, et al. Clin Infect Dis 2012; 55:593–9

https://clinicalinfo.hiv.gov/sites/default/files/inline-files/AdultandAdolescentGL.pdf


• In the United States of America 
– Medication error rates with antiretroviral therapy on admission have been reported 

to as high as 85%
– 1/3 or all medication errors with antiretroviral therapy go uncorrected at patient 

discharge

• Factors leading to antiretroviral therapy medications include 
– Failure to complete or incomplete medication reconciliation 
– Institutional formulary restrictions 
– Concomitant medication change
– Swallowing difficulties 
– Alterations to hepatic and renal function

How Are We Doing? 

Koren D et al. Clin Infect Dis. 2020, 2241–2246 Chiampas et al. Pharm Pract (Granada) 2015; 13:512
Li EH, Foisy MM. Ann Pharmacother 2014; 48:998–1010 Liedtke MD,  et al. HIV Med 2016; 17:717–23
Yehia BR, et al. Clin Infect Dis 2012; 55:593–9



Koren D et al. Clin Infect Dis. 2020, 2241–2246
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Three main approaches described in literature 
1. Systematic processes to ensure safe prescribing practices

• Checklist order entry 

—Medication reconciliation 
—Verification of dosing 
—Monitoring drug interaction

2. Leverage technical support  
• Computerized provider order entry (CPOE) orderset
• Monitoring tool rules

3. Prospective audit and feedback  

Ways to Move the Needle

Koren D et al. Clin Infect Dis. 2020, 2241–2246



Clinical Checklist at Order Entry

• Have been shown to 
– Reduce medication errors
– Streamline order process 
– Avoid drug interactions 

Shea KM, et al. Am J Health Syst Pharm 2018; 75:876–85
Heelon M, et al. Am J Health Syst Pharm 2007; 64:2064–8

Study Intervention Results 

Shea, et al. 
(2018)

Pre and post 

• Clinical check list (focused on 
regimen, dose, administration, 
and drug-interaction) 

• CPOE ordersets
• Prospective audit and feedback
• Education 

Lower rates of medication error 
• 68% vs 12%, pre and post respectively (P<0.001)

Heelon, et al. 
(2007)

Pre and Post

• Clinical check list (focused on 
regimen, dose, administration, 
and drug-interaction) 

• Prospective audit and feedback

No difference frequency of errors 
Faster time to resolution of these errors 
• 84 vs. 15 hours, pre & post respectively (P<0.001)



Computerized Provider Order Entry (CPOE) Ordersets

• Leverage the electronic health record to standardized practices and 
improve patient safety 

• Has been shown to particularly help for:
– Antiretroviral specific instructions 
– Standardizing best practices
– Drug-interactions
– Drug-food interactions
– Dosing recommendations

• CPOE orderset have been found to reduce medication errors > 40%

Liedtke MD, et al. HIV Med 2016; 17:717–23. Bias TE, et al. J Pharm Tech 2014; 30:48–53.
DePuy AM, et al. Open Forum Infect Dis 2019; 6:ofz290 Billedo JA, et al. J Int Assoc Provid AIDS Care 2016; 15:84–8.
Sanders J, et al. Infect Control Hosp Epidemiol 2014; 35:272–7. Shea KM, et al. Am J Health Syst Pharm 2018; 75:876–85.
Zucker J, et al. Pharmacotherapy 2016; 36:245–51. Batra R, et al. Antivir Ther 2015; 20:555–9.
Carcelero E, et al. HIV Med 2011; 12:494–9. Daniels LM, et al. Am J Health Syst Pharm 2012; 69:422–30.
Eginger KH, et al. Ann Pharmacother 2013; 47:953–60. Heelon M, et al. Am J Health Syst Pharm 2007; 64:2064–8.
Lauzevis S, et al. Med Mal Infect 2013; 43:391–7.



Prospective Audit & Feedback

• Most common describe process and literature
• Prospective audit and feedback commonly used as part of 

antimicrobial stewardship
• Can be used to address initial medication errors as well as 

prevent additional medication errors which occur during 
hospitalization

• Numerous studies have shown this has been as safe and 
effective way at improving and preventing medication 
errors with antiretroviral therapy 
– ~ 95% of medication errors

Liedtke MD, et al. HIV Med 2016; 17:717–23. Bias TE, et al. J Pharm Tech 2014; 30:48–53.
DePuy AM, et al. Open Forum Infect Dis 2019; 6:ofz290 Billedo JA, et al. J Int Assoc Provid AIDS Care 2016; 15:84–8.
Sanders J, et al. Infect Control Hosp Epidemiol 2014; 35:272–7. Shea KM, et al. Am J Health Syst Pharm 2018; 75:876–85.
Zucker J, et al. Pharmacotherapy 2016; 36:245–51. Batra R, et al. Antivir Ther 2015; 20:555–9.
Carcelero E, et al. HIV Med 2011; 12:494–9. Daniels LM, et al. Am J Health Syst Pharm 2012; 69:422–30.
Eginger KH, et al. Ann Pharmacother 2013; 47:953–60. Heelon M, et al. Am J Health Syst Pharm 2007; 64:2064–8.
Lauzevis S, et al. Med Mal Infect 2013; 43:391–7.



The goal of an antiretroviral stewardship program is to give the patient 
____________.

a. Right Drug
b. Right Dose
c. Right Route
d. All of the above

Assessment Question #1 of 3



The goal of an antiretroviral stewardship program is to give the patient 
____________.

a. Right Drug
b. Right Dose
c. Right Route
d. All of the above

Assessment Question #1: Correct Response



Medication Errors with Antiretroviral Therapy



Classification of Medication Errors with Antiretroviral Therapy

Error Example

Wrong drug/formulation

Confusing sound-alike or look-alike medication names
• Example: lamivudine & lamotrigine
Abbreviations leading to dispensing wrong medication 
• Example: prescriber wrote for AZT intending for 

aztreonam, patient received zidovudine (AZT)

Wrong dose

Overdosing/ underdosing

Failure to adjust for renal/hepatic impairment
Failure to adjust for patient weight

Wrong dosing frequency Too often/too infrequent

Drug interactions
Drug-drug interactions
Drug-food interactions
Drug-herbal interactions

Missing Information
Dose strength missing
Dose frequency missing
Dietary restrictions missing

Shea KM, et al. Am J Health Syst Pharm 2018; 75:876–85.



General Resources

• APPS
– https://clinicalinfo.hiv.gov/en/mobile-applications

Guidelines Antiretroviral Drug Resource 

https://clinicalinfo.hiv.gov/en/mobile-applications
https://clinicalinfo.hiv.gov/en/mobile-applications


Stepwise Approach to Reviewing Antiretroviral Orders 

Step 1: 
Medication 
Reconciliation 

Step 2: Dose 
Verification

Step 3: Drug 
Interaction 

Check

Step 4: 
Opportunistic 

Infection 
prophylaxis

Step 5: Ensure 
Appropriate 
Monitoring

Shea KM, et al. Am J Health Syst Pharm 2018; 75:876–85.



Step 1: Medication Reconciliation 

• Be on the look out for Incomplete Regimens 
– 3 - drug regimen from at least two different classes
– Example 

• 2 - Nucleoside reverse transcriptase inhibitor (NRTI)

— Tenofovir + Emtricitabine 
— Abacavir + Lamivudine

• Integrase strand transfer inhibitor (INSTI)

— Bictegravir 
— Dolutegravir 
— Elvitegravir 
— Raltegravir 

— Be on the look out for boosters
• Protease Inhibitors (PI) are often boosted with cobicistat or 

ritonavir 

• If patient can’t remember or unable to provided names
– Verify with outpatient pharmacy or clinic
– Ask the patient if knows what it looks like 

Step 1: 
Medication 
Reconciliation 

Step 2: Dose 
Verification

Step 3: Drug 
Interaction 

Check

Step 4: 
Opportunistic 

Infection 
prophylaxis

Step 5: Ensure 
Appropriate 
Monitoring

Shea KM, et al. Am J Health Syst Pharm 2018; 75:876–85.



Step 2: Dose Verification 

• Ordered the right drug 
– Ex). Tenofovir alafenamide ≠ Tenofovir disoproxil 

fumarate

• Dosing is appropriate 
– Can verify with drug information resources or 

guidelines (Appendix B, Table 10) 

• Assess need for renal or hepatic dose 
adjustments 

• Ensure appropriate formulation 
– Ex). Lamivudine suspension is needed to make renal 

dose adjusted doses 
– Intubation may impact route 

• Watch out with food requirements
• Timing of medication is crucial 

Step 1: 
Medication 
Reconciliation 

Step 2: Dose 
Verification

Step 3: Drug 
Interaction 

Check

Step 4: 
Opportunistic 

Infection 
prophylaxis

Step 5: Ensure 
Appropriate 
Monitoring

Shea KM, et al. Am J Health Syst Pharm 2018; 75:876–85.



Computerized Provider Order Enter Order Strings

• Help flag about pertinent drug interactions / 
consideration 

• Provide quick links to formulary items 
– Combination product

• Provide renal dose adjustment in renal time 
• Can also pre-build drug files to 

recommendation regard administration 
– Ex). Take with food, take at bedtime

Guo, Y. et al. P & T : a peer-reviewed journal for formulary management, 40(5), 353–360.



How to use the Guidelines for Renal Dose Adjustments

Panel on Antiretroviral Guidelines for Adults and Adolescents. Available at https://clinicalinfo.hiv.gov/sites/default/files/inline-
files/AdultandAdolescentGL.pdf.  Accessed (6/15/2021).



Resources for Crushing Antiretrovirals

Canadian Recommendation www.hiv-druginteraction.org

http://www.hiv-druginteraction.org/


Step 3: Drug Interaction Check

• Screening for drug interaction 
– Normal drug interaction resources 

• If a drug interaction is identified 
– Go to guidelines 

• Guidelines provide specific recommendations on 
how to handle almost all drug interaction

Step 1: 
Medication 
Reconciliation 

Step 2: Dose 
Verification

Step 3: Drug 
Interaction 

Check

Step 4: 
Opportunistic 

Infection 
prophylaxis

Step 5: Ensure 
Appropriate 
Monitoring



How to use the Guidelines for Drug – Interaction Recommendations  
R 



Step 4: Opportunistic Infection Prophylaxis Evaluation 

Evaluate a patient’s CD4 count for need for prophylaxis

Step 1: 
Medication 
Reconciliation 

Step 2: Dose 
Verification

Step 3: Drug 
Interaction 

Check

Step 4: 
Opportunistic 

Infection 
Prophylaxis

Step 5: Ensure 
Appropriate 
Monitoring

Shea KM, et al. Am J Health Syst Pharm 2018; 75:876–85.
Panel on Guidelines for the Prevention and Treatment of Opportunistic Infections in Adults and Adolescents with HIV. 
Available at https://clinicalinfo.hiv.gov/sites/default/files/inline-files/adult_oi.pdf. Accessed (6/9/2021)

Opportunistic
Infection Indication Primary Prophylaxis 

Pneumocystis 
jirovecii  
Pneumonia 
(PJP)

• CD4 count <200 cells/mm3 (AI)
OR Oropharyngeal candidiasis 
(AII)
• CD4 cell percentage of <14% OR
history of an AIDS-defining Illness 
(BII)

TMP-SMX 1 (DS) PO daily 
(AI), or  TMP-SMX 1 SS daily 
(AI) or 
TMP-SMX 1 (DS) 3 times 
weekly (BI)

Toxoplasma 
gondii 
Encephalitis 
(TE)

• Toxoplasma IgG positive 
patients with CD4 count <100 
cells/mm3 (AII)

TMP-SMX 1 DS PO daily (AII)

Disseminated 
Mycobacteriu
m avium 
Complex 
Disease (MAC)

• CD4 count <50 cells/mm3 after 
ruling out disseminated MAC 
disease based on clinical 
assessment (AI)

Azithromycin 1200 mg PO 
once weekly (AI) 
Clarithromycin 500 mg PO 
BID (AI)

https://clinicalinfo.hiv.gov/sites/default/files/inline-files/adult_oi.pdf


Step 5: Ensure Appropriate Monitoring 

• Check back frequently for 
– Initiation of new therapy 

• Assess for drug interactions 
• Reassess the timing 

– Changes in renal or hepatic function 
– Clinical deterioration 

• Need to transition to per tube 

• Monitor for adverse events 
– Table 17 from the guidelines 

Step 1: 
Medication 
Reconciliation 

Step 2: Dose 
Verification

Step 3: Drug 
Interaction 

Check

Step 4: 
Opportunistic 

Infection 
prophylaxis

Step 5: Ensure 
Appropriate 
Monitoring

Shea KM, et al. Am J Health Syst Pharm 2018; 75:876–85.
Panel on Antiretroviral Guidelines for Adults and Adolescents. Available at 
https://clinicalinfo.hiv.gov/sites/default/files/inline-files/AdultandAdolescentGL.pdf . Accessed (6/9/2021)

https://clinicalinfo.hiv.gov/sites/default/files/inline-files/AdultandAdolescentGL.pdf


Assessment Question #2 of 3

a. Package insert

b. Sanford guide 

c. Clinical Info HIV Guidelines APP 

d. General drug information resource 

What would be the best resource to use to find 
information on how to manage a drug-interaction with 
an antiretroviral?
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Assessment Question #2: Correct Response

a. Package insert

b. Sanford guide 

c. Clinical Info HIV Guidelines APP 

d. General drug information resource 

What would be the best resource to use to find 
information on how to manage a drug-interaction with 
an antiretroviral?
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Formulary Management of Antiretrovirals



Available Antiretrovirals (excluding combination products) 

https://hivinfo.nih.gov/understanding-hiv/infographics/fda-approval-hiv-medicines

Prior to 1995
• 1987 – Zidovudine
• 1991 – Didanosine
• 1992 – Zalcitabine
• 1994 – Stavudine

1995‒1999
• 1995 – Lamivudine and 

Saquinavir
• 1996 – Indinavir, Nevirapine, 

and Ritonavir
• 1997 – Delavirdine and 

Nelfinavir 
• 1998 – Abacavir and Efavirenz
• 1999 – Amprenavir 

2000‒2004
• 2000 – Didanosine EC and 

Lopinavir + ritonavir
• 2001 – Tenofovir disoproxil 

fumerate 
• 2003 – Atazanavir, 

Emtricitabine, Enfuvirtide, 
Fosamprenavir 

2005‒2009
• 2005 – Tipranavir 
• 2006 – Darunavir 
• 2007 – Maraviroc and 

Raltegravir 
• 2008 - Etravirine 

2010‒2014
• 2011 – Nevirapine XR and 

Rilpivirine 
• 2012 – Elvitegravir 
• 2013 – Dolutegravir
• 2014 – Cobicistat 

2015‒2019
Tons of combination products 
• 2015 – Tenofovir alafenamide
• 2018 – Bictegravir, Doravirine

and Ibalizumab-uiyk 

2020s so far
• 2020 – Cabotegravir and 

Fostemsavir 

https://hivinfo.nih.gov/understanding-hiv/infographics/fda-approval-hiv-medicines


Approaches for Managing an Antiretroviral Formulary

Patient Own Supply 

• Use patient own medication while they are 
admitted 

• Benefits 
– Patient medication will be the same
– Limits the amount of medication need to be 

kept on formulary 

• Downsides
– Need a plan on how to handle if patient does 

not have their home medications or home 
medication run out

– Can be more time intensive to process 
– Drug-interaction software may not appropriately 

capture drug-interactions

Interchange Combination Products

• Limit the number of combination products on 
formulary 

• Use individual components to make products

• Benefits 
– Formulary is adaptive 
– Turnover of individual component is improved

• Downsides
– More medications are needed
– High pill burden for the patient 
– Patient may be concerned that product does not 

look the same



Process for Reviewing Hospitals Antiretroviral Formulary

Assess current formulary

Medication use evaluation on antiretroviral therapy

Address formulary needs

Discuss at antimicrobial stewardship



What to Look for When Reviewing Hospitals Antiretroviral Formulary?

• Antiretrovirals about to expire 
• Duplicative formulations / medications

– Ritonavir has 3 formulations
• Capsule 
• Solution
• Powder for solution

• Missing formulations / medications
– Lamivudine suspension 
– IV zidovudine 
– Post exposure prophylaxis regimen (Raltegravir + Tenofovir + Lamivudine) 

• Availability of individual medications to make combination products
• Have there been any issues the previous year



Consideration for Antiretroviral Formulary 

• Post-exposure prophylaxis 
– Raltegravir + Tenofovir Disoproxil Fumarate + Emtricitabine 

• Hospitals with Obstetrics 
– Intrapartum IV Zidovudine

• Pediatrics
– Often requires more liquid formations to make doses 

• Some products only come as combination products
– Bictegravir 
– Elvitegravir

Kuhar, D, et al. Infection Control and Hospital Epidemiology, 34(9), 875-892. doi:10.1086/672271
Panel on Treatment of Pregnant Women with HIV Infection and Prevention of Perinatal Transmission. Available 
at https://clinicalinfo.hiv.gov/sites/default/files/inline-files/PerinatalGL.pdf. Accessed (6/9/2021)
Panel on Antiretroviral Therapy and Medical Management of Children Living with HIV. Available 
at https://clinicalinfo.hiv.gov/sites/default/files/inline-files/pediatricguidelines.pdf. Accessed (6/9/2021)

https://clinicalinfo.hiv.gov/sites/default/files/inline-files/PerinatalGL.pdf
https://clinicalinfo.hiv.gov/sites/default/files/inline-files/pediatricguidelines.pdf


Antiretroviral Medication Use Evaluation

• Look at day of therapy (DOT) or defined daily doses (DDD) 

• Review frequently used products
– Are there any duplications?
– Are there opportunities for substitution?

• Combination products 

– Are there products that are not being using? 
– Are there products that are not commonly used anymore?
– Are there products that are not turning over before they expire?



Assessing Formulary Needs & Discussing with Antimicrobial Stewardship Team  

• Assessing formulary needs
– Results of medication use evaluation 
– Review newly approved products 

• Discussing with Antimicrobial Stewardship Team
– Review current formulary
– Discuss findings of the medication use evaluation 
– Discuss new therapy and potential clinical need 
– Make recommendations  



Recommendation: 
• Add to formulary for continuation of outpatient therapy 
• Restricted to infectious disease providers for initiation of therapy in newly 

diagnosed patients 

Example

2018: Bictegravir 
combination products 

are FDA approved 

Late 2018 and 
early 2019: 

4‒5 patients 
present to the 

hospital on 
Bictegravir

June 2019: 
Antiretroviral 

formulary 
reviewed 

June / July : 
Recommended 
to bring on to 

formulary 



Assessment Question: #3 of 3

a. Patient medications will be the same

b. High pill burden for the patient

c. Uses the patient’s own medications while they are admitted

d. An adaptive formulary

What are some benefits for interchanging combinations 
products when managing an antiretroviral formulary?
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Assessment Question #3: Correct Response

a. Patient medications will be the same

b. High pill burden for the patient

c. Uses the patient’s own medications while they are admitted

d. An adaptive formulary

What are some benefits for interchanging combinations 
products when managing an antiretroviral formulary?

43



Putting All Together 

Antiretrovirals are a problematic class drugs in the 
United States 

Medication errors with antiretroviral therapy are often 
missed in patients in hospitalized with HIV 

Prospective systematic reviews of antiretroviral therapy 
is an effective to ensure safe antiretroviral administration

Developing processes to review a hospital’s antiretroviral 
formulary is a crucial of any antiretroviral stewardship program

.
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