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Transplant Care Now

Follow up clinic at 3, 6, 
12, 15, 18, 21 months….

To the lab for weekly or 
monthly blood draw….

To the hospital for 
scheduled surveillance 
(PFTs, CT, Bronch) at 3, 
6, 12, 18, 24 months….

Standard 
Immunosuppression 
Protocol

Standard Prophylaxis 
Protocol 

Not patient centric, 
not personalized 
and not precision 
medicine



Patients are Widespread



↑access, maintain “high touch” care, ↓reduce patient burden

Modern Transplant Care

Telehealth

Home 
spirometry

Biomarker 
ie Allosure



Why?  Portable, Inexpensive, Accurate



Diseases monitored with Home Spirometry?

American Journal of Respiratory and Critical Care 
Medicine. 2025. Khor YH, Poberezhets V, Buhr RG, 
et al.

COPD

Interstitial Lung Disease

Asthma

Cystic Fibrosis, Neuromuscular Disease

Lung Transplantation



Why Monitor Lung Function in LTx?

Lung transplant recipients have high risk of graft 
dysfunction

Decline in FEV1 often precedes symptoms

Key complications: acute rejection, infection, CLAD

Early detection allows earlier intervention



Early Detection of both Acute 
and Chronic Lung Allograft 
Dysfunction is important
Delays in detection and 
treatment may lead to worse 
outcomes

UCSF Freedom from CLAD over time



Bronchiolitis Obliterans

Barker AF et al. N Engl J Med 2014;370:1820-1828



Bronchiolitis 
Obliterans Diagnosis

Diagnosis by biopsy is unreliable
Diagnosis is therefore clinical (BOS) based 
on persistent obstructive pulmonary 
defect (FEV1<80% of baseline)
Limitations of Lab Spirometry
• Travel and Expense
• Infrequency of measurement: Clinic 

spirometry typically every 1–3 months
• Early changes in lung function may be 

missed



Home spirometry advantages and prior limitations
•Home spirometry provides the potential advantages
◦ Frequent monitoring
◦ Facilitates telehealth
◦ Avoiding aerosol-generating procedures in healthcare setting

•Challenges identified from prior work
◦ Maintaining adherence
◦ Providing feedback
◦ Providing engagement

•Non-adherence to home spirometry is related to a decreased 
freedom from BOS

Transplantation • Volume 88, Number 1, 
July 15, 2009



Prior experience with home spirometry in 
Lung Transplantation

Transplantation.88, Number 1, July 15, 2009

Adherence to home spirometry 
generally decreases over time 
due to multiple factors

Lack of understanding
Lack of feedback
Lack of engagement

Non-adherence to home spirometry is related to a decreased 
freedom from BOS



Goals of home spirometry

Obtain spirometry on a weekly basis to 
survey for graft dysfunction

Obtain spirometry in real time to assess 
remote symptoms

Identify changes in lung function earlier
Diagnose acute graft dysfunction
Diagnose CLAD earlier

Collect feedback

Iterate based on experience and feedback



Needs to be easy to use
Needs to provide accurate data
Needs to manage data flow
Needs to manage alerts
Needs to give feedback to patients
Needs to provide data to the care team
Needs to be sustainable

Anticipated Needs



Engage, Collect, Feedback, Disposition, Track



Engagement Platform



Real-time feedback and FEV1 reports



Home spiro alerts in EMR



Patient Feedback



Home spirometry highly correlates with 
Lab spirometry

R2 = 0.938

Hays SR, JHLT. 2023 Jun;42(6):828-837 



Unique Patient FEV1 Submissions per Month

Hays SR, JHLT. 2023 Jun;42(6):828-837 



Adherence to home spirometry

Hays SR, JHLT. 2023 Jun;42(6):828-837 



Replacing in-person clinic and spirometry with THV 
and home spirometry and hospitalization rate in year 1
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Hays SR, JHLT. 2023 Jun;42(6):828-837 



Challenges

• Multiple platforms made the system complex
• Patients did not love the chatbot – repetitive, 

slow
• Data not seamlessly integrated into EMR
• Data not as high quality – limited quality control, 

hand-entered data could not live in EMR



Implementing ZEPHYRx app



Engage, Collect, Feedback, Disposition, Track

Patient Spirometry

Cloud-based 
database 
(ZephyRx)

EMR

Care Team

Care plan

Symptoms, questions

Automated alerts, tasks

Alerts

Data, Reports

Data 
incorporated 
into flow 
sheets
Reports for 
interpretation

FEV1 drops 
calculated
Mychart Tasks 
deployed



Integrated Flowsheets

• Data flows from Device -> ZephyRx -> Apex Flowsheet
• Algorithms built into CareCompanion give feedback and 

instructions
• Care Companion sends home spirometry reminders prior to 

appointments and for missing data
• Monthly reports are automatically downloaded to Epic with flow 

volume loops, data and trend lines



Apex Care Companion



Care Companion Feedback



Care Companion Feedback



MyChart Patient Visualization



Epic Order for Home Spirometry



Epic smart phrase



Home Spirometry Use Across the Population



Home Spirometry Frequency of Use



Can home spirometry identify BOS? Is BOS identified sooner?



Spirometry Reports



Home spirometry smart set



Home spirometry interpretation



Patient Feedback

I think it's pretty great. I found it really helpful. And it's been nice for me to have like 
a reason to do my FEV1 and have a record of that. I like having more of a stand-up 
baseline that has more frequent measurements because I've always in clinic other 
than when I've been sick, it's been really stable, but it's nice to know at home like, 
oh yeah, this is really kind of where [my condition] lives.

Participant 5

I think the purpose is to monitor our lung function from a distance and for the 
doctors to be able to get more frequent measurements of our FEV1 without having 
us come in to do spirometry, or even go into our local hospital. It's kind of a way to 
keep tabs on us from home in a way that's safe for us and easier for them.

JMIR. 2024 Mar 20;12:e51236



•Seamless onboarding
•Data integration into the 
EMR
•Alerting / Task system
•Dashboard
•Reporting / Billing

What’s Next…
•Does home spirometry lead to 
better long short and term 
outcomes?

•How do we improve 
adherence?

•Can physiologic measurement 
be combined with other home 
measurements (biomarkers) to 
move to quality remote care



Transplant Care in the Future

Follow up clinic at 
intervals based on 
personalized needs

Home lab testing at 
intervals based on 
personalized needs

Surveillance testing? 
Biomarkers, at home 
physiologic monitoring

Personalized 
Immunosuppression 
AI/Pharmacogenomics

Personalized Prophylaxis? 
AI/Genomics

For cause testing based on 
home testing / home 
monitoring



Questions?
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