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Introduction The Cystic Fibrosis (CF) Foundation 
chronic care guidelines recommend monitoring 
spirometry during quarterly multidisciplinary visits to 
identify early lung function decline. During the COVID-19 
pandemic, the CF adult clinic at University of Virginia 
(UVA) transitioned from the classic CF care model 
to a model that included quarterly multidisciplinary 
telemedicine visits. While using telemedicine, CF care 
needed to include spirometry monitoring. Only a fraction 
of adult CF patients at UVA owned and used home 
spirometers (HS) in March 2020.
Aim The specific aims of this quality improvement (QI) 
project were to increase the percentage of eligible adult 
CF patients who owned an HSs from 37% to 85% and to 
increase the percentage of adult CF patients seen at UVA 
with available spirometry in telemedicine from 50% to 
95% by 31 December 2020.
Methods Following the Model for Improvement QI 
methodology, a standardised process was developed for 
monitoring forced expiratory volume in 1 s with HS during 
multidisciplinary telemedicine visits during the COVID-19 
pandemic.
Intervention (1) HSs were distributed to eligible patients 
and (2) Home spirometry was monitored in eligible patients 
with each telemedicine visit and results were used for 
clinical care decisions.
Results Both specific aims were achieved ahead of 
expected date. In March 2020, the beginning of the 
pandemic, 37% (49/131) of patients owned an HS and 
50% (9/18) of patients seen via telemedicine performed 
spirometry at home. By September 2020, 97% (127/131) 
of adult patients at UVA owned an HS and by October 
2020, 96% (24/25) of patients provided spirometry results 
during their telemedicine encounters.
Conclusion Employing QI tools to standardise the 
process of monitoring spirometry data with home devices 
via telemedicine is reliable and sustainable and can be 
replicated across centres that provide care for patients 
with CF.

BACKGROUND
Cystic fibrosis (CF) is a systemic genetic disorder 
affecting approximately 30 000 people in the 
USA and at least 70 000 people worldwide.1 2 
CF is caused by abnormal function of the CF 

transmembrane conductance regulator leading 
to increased mucus viscosity and multiple organ 
dysfunction: lung, pancreas and liver.3 Lung 
involvement is characterised by chronic infec-
tion and inflammation and results in progres-
sive lung disease and premature death due 
to respiratory failure. Early identification of 
acute lung infections or CF exacerbation can 
restore lung function and improve lung func-
tion decline.4 CF Foundation (CFF) care guide-
lines recommend close monitoring of forced 
expiratory volume in 1 s (FEV1) in clinic every 
3 months.5 Prior to the COVID-19 pandemic, 
the adult University of Virginia (UVA) CF 
team provided standardised CF care and used 
routinely quality improvement (QI) tools in 
improving patient outcomes. One of these QI 
projects was to adhere to the CFF guidelines for 
chronic care, which included providing quar-
terly, multidisciplinary visits in the CF clinic for 
monitoring early lung function decline and for 
identifying other comorbidities related to poor 
CF outcomes.5 In addition, the UVA QI team 
participates in CF Learning Network (CFLN), 
a network of CF accredited centres committed 
to collaboration, innovation, and partnering 
to improve patient outcomes. The Model for 
Improvement is the QI methodology employed 
by the CFLN.6 One of the core principles of 
CFLN, is coproduction of care. Coproduction 
of care involves close collaboration between 
the CF care team and the CF patients and 
empowers the patients to be active participants 
in their care. Patient utilisation of home spirom-
etry, when access to home spirometers (HS), 
coaching, instructions for HSs utilisation during 
telemedicine visits and appropriate education 
regarding the use of FEV1 results in the treat-
ment decision process, are available, is a perfect 
example of coproduction between the CF inter-
disciplinary team and the patient.
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Aim
Global aim
We aimed to provide the same high- quality care via telemedi-
cine as we provided with in person visits prior to the COVID-19 
pandemic. This was defined by access to quarterly multidisci-
plinary visits which are co- produced and include pulmonary 
function testing (PFT) measurement. Coproduced visits are 
defined as visits in which the patient is involved in the visit 
plan by setting a visit agenda with the team.

Specific aims
1. We aimed to increase the percentage of patients with 

HSs from 37% to 85% by 31 December 2020.
2. We aimed to increase the percentage of eligible pa-

tients with spirometry results in telemedicine visits 
from 50% to 95% by 31 December 2020.

METHODS
Following the model for improvement QI methodology, 
the UVA Adult CF programme developed a standardised 
process for monitoring FEV1 with HS during multidiscipli-
nary telemedicine visits during the COVID-19 pandemic. 
A process map for distribution and use of HS (see online 
supplemental figure 1) and subsequently a simplified 

Failure Modes and Effects Analysis (figure 1) were created 
to identify possible barriers to HS utilisation.

INTERVENTIONS
To achieve our global and specific aims multiple Plan Do 
Study Act (PDSA) cycles were created (online supple-
mental figure 2), the key driver diagram (KDD) (online 
supplemental figure 3) interventions were developed to 
test and standardise a reliable process for:

 ► Providing spirometers to all eligible people with CF 
seen in the Adult CF clinic at UVA.

 ► Monitoring FEV1 with each telemedicine visit 
conducted in the Adult CF clinic at UVA.

Telemedicine was defined as a clinic visit that occurred 
remotely and included a video and audio component. 
Hybrid clinic was defined as an in- person visit with a 
remote component. During a hybrid visit, the patient 
performed spirometry in clinic and some care team 
members visited with the patient remotely through a 
clinic provided tablet with video and audio capability.

ELIGIBILITY FOR HS
Adult patients seen in the outpatient UVA clinic were 
considered eligible for home spirometry if they owned an 

Figure 1 Simplified Failure Modes and Effects Analysis (sFMEA) for home spirometry utilisation in telemedicine clinic. The 
sFMEA was adapted from Cincinnati Children’s Hospital Medical Center. CF, cystic fibrosis; FEV1, forced expiratory volume in 
1 s; GLI, Global Lung Function Initiative; MD, medical doctor; HIPAA, Health Insurance Portability and Accountability Act; pt, 
patient; PVP, previsit planning; RT, respiratory therapist; UVA, University of Virginia.
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HS and/or a smart device compatible with the spirometer 
application as required by the manufacturer and could 
perform reliable spirometry at home independently or 
with respiratory therapist (RT) coaching.

PROCESS
At the beginning of the COVID-19 pandemic, the adult 
UVA CF QI team met and discussed a strategy to tran-
sition in person visits to telemedicine to respect social 
distancing rules. A KDD ()was developed to focus the 
aims and track the improvement theories. In order 
to achieve the specific aim for spirometry, conditions 
needed to be created for patients to have access to HSs. 
With CFF centre grant support, HSs were purchased and 
distributed to all eligible patients.

The UVA adult CF team was in a uniquely favourable 
position to integrate home spirometry in the telemed-
ince visits, having had significant experience with HSs 
utilisation prior to the COVID-19 pandemic. As part of 
a different project, 37% (49/131) of eligible patients 
had received an HS device along with coaching, and had 
proven the ability to perform spirometry at home with 
results that were comparable to those obtained in clinic. 
Coaching was provided in clinic: the RT directly observed 
and trained each eligible patient to perform spirometry 
with the provided HS, to obtain reproducible and reliable 
results.

In April 2020, our team acquired 70 additional HSs 
with reallocated CFF grant funding. In May 2020, the CF 
Foundation began distributing HSs to all eligible people 
with CF as identified by their CF Centres throughout the 
country.

Distribution of HSs
A process to distribute the devices was created, consisting 
of three options:
1. Drive by pick up: Patients were given date and time 

options for drive by pick up of spirometers.
2. Prepurchased shipping label and shipment to home: 

Patients were given the option to purchase a shipping 
label and send it to the care team through patient por-
tal (Mychart) or email. Once the label was received, 
the device was shipped to their homes.

3. Pick up during a clinic visit.

Instructions for HS use
A standardised letter was sent to patients via MyChart or 
email that included instructions related to brand specific 
HS use, download of the HS application and guidance 
on frequency of use and disinfection. Real- time virtual 
coaching sessions with the RT were offered and sched-
uled per patient request.

Reminders
Most patients did not choose to participate in a separate 
coaching session, preferring to wait until their next clinic 
appointment (virtual or in person) for real time coaching 
with the RT. Many did not have the spirometry application 

downloaded or the device paired with their phone prior 
to their virtual appointment, which created time delays 
in telemedicine clinic visits. Part of a new PDSA ramp, 
to alleviate increasing in telemedicine clinic visit time, 
the RT started sending messages prior to patient appoint-
ments reminding the patients to download the HS app 
and pair the spirometer with the smart phone prior to 
the visit.

Coaching for HS use
RT provided coaching prior to visit, using an asyn-
chronous telemedicine visit for patients who agreed or 
requested coaching outside of their clinic visit. In addi-
tion, most patients received remote coaching through 
spirometry during the telemedicine visit if they had not 
already obtained spirometry results on their own prior to 
the visit.

If the patient was seen in clinic in person, an HS was 
offered. If they agreed to receive the device, they also 
received the user instructions and RT coaching on use 
on site, plus the results were compared with the in person 
FEV1 measurements.

Monitoring
Home Spirometry was monitored in eligible patients with 
each telemedicine visit and results were used for clinical 
care decisions. Patients shared their spirometry results 
with the team through multiple methods: via MyChart, 
screen share during their telemedicine encounter or 
through the HS device portal. The results were recorded 
in the patients’ electronic medical record and in the CF 
Foundation Patient Registry (CFFPR).

Recommended utilisation of HSs with telemedicine visits
 ► Day prior to or during telemedicine visits.

Team utilisation of FEV1 measurements
When available, FEV1 was recorded in the electronic 
medical record and CFFPR with each telemedicine visit.

 ► FEV1 values were discussed with the patient.
 ► If patient felt unable to perform a reliable spirometry 

at home independently, coaching was provided.
 ► If FEV1 measurements remained discordant with 

previous measurements even with coaching, as 
compared with baseline or in clinic measurements, 
the patient was advised to have repeat measures in the 
PFT lab. If this was a recurrent problem with subse-
quent telemedicine visits the patient was considered 
ineligible for HS/telemedicine and the recommen-
dation was made for the patient to follow up for in 
person PFTs with each visit.

 ► If FEV1 measurements were decreased compared with 
baseline in the absence of symptoms of exacerbation, 
there was a discussion with the patient regarding 
follow- up; the patient was offered the option to repeat 
measurement in the PFT lab in approximately a week 
from telemedicine visit to confirm the decline and to 
discuss further assessment and plan.
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 ► If FEV1 measurements were decreased compared with 
baseline in the presence of symptoms of CF exacerba-
tion, a treatment plan for exacerbation was agreed on 
with the patient and close follow- up was scheduled, 
typically in clinic for an in- person evaluation; more 
frequent HS was advised to monitor for FEV1 improve-
ment or further decline.

Other issues identified that decreased the HS utilisation
Patients were missing mouthpieces and devices; some 
spirometers were not charged and some had poor Wi- Fi 
connection. Of note, several patients left their devices 
behind while travelling for the holidays which caused 
the December and January home spirometry numbers to 
decline slightly.

Multiple interventions were employed concomitantly 
by our team to increase HS utilisation with telemedi-
cine visits, depending on patients’ personal challenges, 
including: patients with poor Wi- Fi started driving to a 
different location for better Wi- Fi connection, such as 
outside of local businesses, churches and schools; mouth-
pieces were acquired with grant support and provided to 
patients to replace those that were lost; and for patients 
who had issues with using a specific device, in- clinic/
in- person follow- up with face- to- face RT coaching and 
comparison of FEV1 results with the PFT lab FEV1 results 
was recommended. If this intervention did not produce 
better results, we replaced the spirometer with a different 
brand. If the patient could not use the new device, he/she 
was considered ineligible for telemedicine and recom-
mended for in person visits only, to ensure equitable 
quality of care in concordance with CFF care guidelines.

MEASURES
Primary process measures

 ► Percentage of patients who own an HS.
 ► Percentage of patients seen in the UVA adult tele-

medicine clinic who provided FEV1 measurements 
obtained on HS with the goal to achieve 95% within 
10 months.

RESULTS
At the beginning of the COVID-19 pandemic in 2020, 
37% (49/131) of CF adult patients seen in the pulmonary 
clinic at UVA owned and used appropriately an HS and 
50% (9/18) of telemedicine visits were associated with 
measurements of FEV1.

The first aim of this process was achieved early, as 97% 
(127/131) of adult CF patients followed at UVA owned an 
HS by September 2020.

The proportion of patients who provided FEV1 measure-
ments with telemedicine visits each month was tracked. 
(figure 2).

We achieved our second aim of monitoring FEV1 with 
home spirometry by October 2020; during October, 96% 
(24/25) of telemedicine visits conducted in the adult CF 
clinic at UVA were associated with FEV1 measurements. 
In addition, by October 2020, there was a data shift in 

HS utilisation and reliability of the data was achieved 
by March 2021 (figure 3), with more than 88% of tele-
medicine encounters being associated with a spirometry 
measurement.

In December 2020 and January 2021, we noticed a 
slight decline in HS patient utilisation with telemedi-
cine; this was due partially to patient travel and inability 
to transport devices or forgetting devices at home. For 
the months of February and March 2021, we noticed an 
increased uptake of HS use with telemedicine visits and 
in March 2021 100% (20/20) of patient seen in telemed-
icine visits provided FEV1 measurements.

Our process included a follow- up in person visit, or 
only in person visits for patients who either did not have 
an HS device, could not perform home spirometry, did 
not trust the HS and/or did not have symptoms compat-
ible with the decline in FEV1 noticed on HS. We identi-
fied 11 patients who were not eligible for HS. In addition, 
five patients were asked to come to clinic for follow- up 
due to a decline in FEV1 in absence of symptoms, to 
confirm FEV1 indicated exacerbation signal, one of them 
was found to be in exacerbation and received treatment 
appropriately; two patients were found to be in exacerba-
tion by symptoms and home spirometry results and were 
admitted to the hospital for intravenous antibiotic treat-
ment without a subsequent clinic visit.

Reliability of FEV1 measurements with the HS was 
obtained for 46 patients, for 34 HSs provided to the 
patients prior to the pandemic and 12 HS provided 
during the COVID-19 pandemic. The mean difference 
between the FEV1 obtained with the HS when compared 
with in office spirometer, during the same clinic visit was 
0.141 L. The patients received information regarding the 
FEV1 HS values compared with the in- office values. Most 
spirometers were either shipped or delivered via drive 
through during pandemic, to minimise staff–patient and 
patient–patient interaction, so direct comparison with 
the in- office spirometers could not be performed.

Figure 2 Monthly percentage of telemedicine encounters 
with forced expiratory volume in 1 s results obtained with 
home spirometers.
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DISCUSSION
Employing model for improvement QI methodology, 
the UVA adult CF team created a standardised process 
for providing HSs and monitoring FEV1 measurements 
with telemedicine visits. This process achieved reliability 
and sustainability and can be reproduced in other CF 
clinics, as well as other patient populations that require 
spirometry monitoring. Telemedicine has been proven 
to be a feasible method to provide outpatient care for 
patients with CF7 8; however, spirometry monitoring can 
be a prohibiting factor for telemedicine utilisation in this 
patient population as it is paramount for guiding CF care 
decisions.

Historically, FEV1 has been measured in the clinic 
setting. During the COVID-19 pandemic, multiple clinics 
employed telemedicine visits in lieu of in person care. 
In context of COVID-19 social distancing, long- distance 
travel to CF clinic, and prohibiting device and shipping 
cost, access to HSs during the pandemic was scarce. In 
addition, CF patient utilisation of HSs in general is vari-
able: patients who feel well are less likely to reach out for 
free spirometers or perform spirometry outside of clinic 
visits, some patients prefer not to know what their FEV1 
levels are, and performing spirometry at home requires 
training and coaching that can be time consuming. 

Patients who received the devices outside of clinic are 
likely to question the FEV1, as they had not previously 
correlated their HSs results to clinic/PFT lab spirom-
etry. In some instances, there can be deviations in results 
related to variation in devices, technique and effort, or 
user or technology errors. Such deviations often impair 
patient trust in their device. In order to achieve reliable 
results, we created interventions that addressed these 
barriers and diligently worked with our CF patients to 
gain trust and proficiency in their HS devices. Empha-
sising the importance of FEV1 in clinical decisions is also 
paramount.

The increase in spirometry use with telemedicine visits 
was due to employment of multiple interventions (see the 
Process section) to overcome utilisation barriers: patient 
education on importance of FEV1 measurements for 
formulating a care plan, patient training and coaching 
on HS use and increased patient buy in regarding device 
utility. In addition, there was an increased uptake in tele-
medicine visits (figures 2 and 3) during the COVID-19 
pandemic and some patients built trust in the devices 
using them more routinely with each telemedicine visit, 
as the pandemic progressed and the patients were seen 
multiple times through telemedicine. Other interven-
tions employed: RT coaching during telemedicine visit, 

Figure 3 UVA adult programme spirometry utilisation for telemedicine March 2020 through March 2021. CFF, Cystic Fibrosis 
Foundation; HS, home spirometry; UVA, University of Virginia.
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comparing HS results to previous HS results or in person 
results, comparing FEV1 results during subsequent trials. 
Some patients found the results more reliable with the RT 
observing their technique.

Our study was conducted by a proficient QI team, with 
expertise in telemedicine; in addition, the home spirom-
etry process was led by a senior RT with extensive experi-
ence in CF care. In order for this process to be employed 
successfully at other centres, it is recommended that the 
team implementing the process of HS use is proficient in 
QI work and has an experienced RT to lead the process.

Our study is limited by the fact that it is a single- centre 
study. Multicentre implementation of this process could 
be employed to evaluate the reliability of the process and 
the results.

Telemedicine could be a very reliable form of CF care 
delivery for the future, not just in a pandemic, but for 
sick visits, for patients who live a distance from the CF 
care enter, to decrease lodging and transportation cost 
as well as work absenteeism, for infection control and 
patient convenience. In order to replace current CF care 
model that recommends in person, interdisciplinary care 
visits, four times a year, which include in office spirom-
etry monitoring, blood tests, weight assessments and vital 
signs, future studies need to be employed to demon-
strate non inferiority of the new care model that includes 
telemedicine visits based on patient outcomes. In this 
context, a reliable and sustainable process that ensures 
FEV1 monitoring with HSs is desirable.

CONCLUSION
Using QI tools to standardise the processes for providing 
access, training and monitoring of spirometry data with 
home devices via telemedicine is reliable and sustainable. 
Employing similar QI methods and tools, other CF care 
centres could adapt these processes to their context and 
obtain similar results.
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