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Abstract. The aim of the present study was to evaluate patient-related perspectives
from a five-week test of the implementation of a COPD prediction algorithm. The
test intended to discover and avoid potential errors prior to testing the COPD pre-
diction algorithm in a two-armed randomized controlled trial (RCT). The COPD
prediction algorithm aims to predict exacerbations in COPD based on home meas-
urements. In the present study, the algorithm was implemented in a currently de-
ployed telehealth system. Five weeks after implementation, six interviews were con-
ducted, including five interviews with patients with COPD and one interview with
a specialized COPD nurse. The participants were overall satisfied with the telehealth
system including the COPD prediction algorithm. However, technical issues must
be addressed before the COPD prediction algorithm is ready to be tested in the RCT.
Moreover, communication with the monitoring nurses should be clearer based on
the COPD nurse’s experiences. In conclusion, the participants were satisfied with
the integration of the COPD prediction algorithm in the telehealth system. The iden-
tification of technical issues shows the importance of including a technical test pe-
riod in a similar trial setup.
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1. Introduction

The number of people suffering from chronic obstructive pulmonary disease (COPD) is
increasing and COPD is now the third leading cause of morbidity and mortality world-
wide (1). The mortality rate is expected to exceed to more than 4.5 million deaths annu-
ally by 2030 (2). Substantial economic costs are related to COPD treatments etc. (3).
Suffering from COPD affect the individual person both physically and mentally. Several
studies show that patients with COPD have reduced quality of life (3,4). This reduction
increases with the number of exacerbations since the frequency of exacerbations contrib-
ute to the worsening of COPD at a long-term level (5). Early treatment of exacerbations
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is associated with faster recovery and decreased risk of emergency hospitalizations (6).
Therefore, it is important to predict exacerbations in order to facilitate early and preven-
tive treatment (6,7). Several telehealth studies have attempted to prevent exacerbation
with varying effects (6,8). Thus, telehealth intervention in COPD should be optimized.

Telehealth interventions in COPD may be optimized by applying predictive algo-
rithms. Until now a predictive algorithm in COPD with clinically useful quality has not
been developed (9). However, Kronborg et al. have developed a COPD prediction algo-
rithm based on home measurements of physiological parameters (blood pressure, oxygen
saturation and pulse), that manages to predict exacerbations in patients with COPD (10).
The COPD prediction algorithm by Kronborg et al. seeks to support clinical decisions
among specialized COPD nurses by predicting COPD exacerbations prior to onset.
Hence, the hypothesis is that the COPD prediction algorithm can reduce the number of
acute hospitalizations and improve the health-related quality of life among patients with
COPD. The COPD prediction algorithm will be tested in a two-armed RCT with a six-
month study period. Patients with COPD, who already receive telehealth as part of their
treatment, will be included in the trial. Before running such a trial set-up, it is important
to record potential pitfalls regarding patient-related related to the implementation of the
COPD prediction algorithm.

The aim of the present study is to evaluate patient-related perspectives from a five-
week test period in order to discover and avoid potential errors before large-scale testing
of the COPD prediction algorithm.

2. Methods and Materials
2.1. Study design

The study was a preliminary qualitative evaluation of a COPD prediction algorithm. Se-
lected participants with COPD used a telehealth system including the COPD prediction
algorithm for five weeks. The participants were using the telehealth system prior to the
study, but during the study, they were instructed to measure their physiological parame-
ters three times a week, which is more often than usual. These additional measurements
were prompted to the patients through a digital questionnaire built into the telehealth
system. The algorithm was tested by exploring patient-related perspectives through qual-
itative interviews by the end of the study.

The included partners in the test period were Aalborg University and partners from
the North Denmark Region. Interviews were conducted with a specialized COPD nurse
and with the participants with COPD. The partners from the North Denmark Region’
role was to make sure that ongoing updates of the software was available to the COPD
participants.

2.2. Participants

Five participants (three women and two men) with COPD were recruited from the district
Health Center Aalborg in Aalborg Municipality, Denmark. In addition, a specialized
COPD nurse employed at the same care district was chosen to identify the participants.
The nurse in question knew the participants beforehand as she was monitoring their data.
In advance, the specialized COPD nurse knew the participants’ ability to try something
new, the status of their condition, and their motivation. Among others, her role was to
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describe her experiences with the system and test whether the algorithm worked as well
as to ensure that she felt prepared to the upcoming RCT. The five participants were all
familiar with telehealth and were able to cooperate in a test period; moreover, the partic-
ipants should be able to and willing to measure their oxygen saturation and heart rate
three times per week and measure their blood pressure once a week.

2.3. Data collection method

Prior to conducting the semi-structured interviews, two interview guides were prepared.
One interview guide was prepared for the interview with the specialized COPD nurse
and one was prepared for the individual interviews with the participants with COPD.
Both interview guides consisted of three themes: 1) About the participant or COPD nurse,
2) The design of the system and 3) Utility of the trial.

The interviews were conducted by telephone to avoid physical contact due to the
COVID-19 pandemic. The duration of the interviews lasted between 5-15 minutes with
the COPD participants and 30 minutes with the specialized COPD nurse. To remember
relevant points from the interviews, each telephone interview was recorded by Dicta-
phone. Afterwards, the researchers coded and identified relevant themes by using a qual-
itative thematic analysis based on a hermeneutic phenomenological approach.

3. Results

Table 1 presents the demographic information of the participants with COPD included
in the study. The average age of the participants was 65.2 years and the average number
of years diagnosed with COPD was 11.6 years. All participants were retired or unable to
work and most of them had comorbidities.

Table 1. Demographic information of the participants with COPD.

Participant no. #1 #2 #3 #4 #S

Sex Woman Woman Woman Male Male

Age 65 65 62 65 69

Postal code 9200 9370 9200 9000 9220

Civil status Single Married Single Married Married

Employment No job No job No job No job No job

Education level Craftsman State school State school ~ Master’s degree Craftsman

Years with diag- 10 5 3 10 30
nosed COPD

Smoked last 6 No No Yes No No
months?

Other diseases No Crohn’s dis- Osteoporosis  Cardiovascular Cancer

ease disease

Three themes were emerged from the interviews with the five participants: 1) Experi-
ences of using a telehealth system when living with COPD, 2) Extra measurements in-
creased safety, control and disease understanding, and 3) The development of new func-
tions in a telehealth system led to technical issues. Two themes were emerged from the
interview with the COPD nurse: 1) Understanding the nurse’s role and work functions
related to the upcoming RCT, and 2) Clarification of new system functionalities in the
telehealth system.

Table 2 gives an insight into the distribution of responses linked to selected questions
and discovered themes from the five interviews with the participants. As it appears in
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table 2, question no. 4, 5, 6 and 7 included patient-related aspects of the COPD prediction
algorithm.

Table 2. A recapitulation of the answers from the questions asked in the five interviews.

No. Question Number of distribution of answers
What is your experience with 4 out of 5 have experience with technology, 1 does
technology in general not answer the question
What was your experience of the 3 out of 5 said it was fine to use the questionnaire, 2
new questionnaire? out of 5 have not had the questionnaire available
How did the updates affect you Various responses, in general there were problems
during the test period? with the updates
Do you feel any benefits of the 3 out of 5 experienced increased control, 2 out of 5
extra measurements? experienced increased safety, and 2 out of 5 experi-

enced increased understanding of their disease

Below, selected quotations from the interviews with the COPD participants and the spe-
cialized COPD nurse are given.

In general, the participants found it easy to use the telehealth system and all of them
had prior experience with technology. One participant answered: “I used technology
when I was working, so it is easy for me”. The new questionnaire for the additional meas-
urements was not always available for the participants: “I did not have the questionnaire
available in the first week”. Three out of five answered the same. Some participants did
not turn off their telehealth system and therefore they did not receive the updated version
of the questionnaire. One participant answered: “if gave some problems in the beginning”.
On the contrary, another participant answered that she did not experience any problems
after the update. The general attitude towards the extra measurements was that it in-
creased the participants’ feeling of control, safety and understanding of their disease: “/
feel much more safe, secure and satisfied when measuring extra oxygen saturations”. All
the participants were motivated to continue to perform the extra oxygen saturation meas-
urements. None of the participants felt it was a burden during the five-week test period.

From the interview with the specialized COPD nurse it appeared that, the nurse was
looking for a flag item in the telehealth system when an exacerbation occurred and not
an alarm bell. The nurse highlighted that the telehealth system with the COPD prediction
algorithm was not an alarm system with an acute line, but an extra service offer for pa-
tients with COPD.

4. Discussion

The present study aimed to evaluate patient-related perspectives from a test period after
implementation of a COPD prediction algorithm in a telehealth system. In general, the
participants were positive towards the telehealth system that included a COPD prediction
algorithm. However, minor technical issues were reported due to the implementation of
the algorithm.

The participants in general were used to apply technology in their daily life. This
information is relevant, since the upcoming RCT is based on the assumption that the
participants are able to use technology to measure their physiological parameters. The
results also indicate the importance of ensuring that the participants always have the lat-
est updated version of the telehealth system. This highlights the importance of iterative
steps where errors are removed (12,13). However, very often when RCTs and studies
developing and testing algorithms are planned, the test period, where potential clinical
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problems can be identified, is skipped. This might be due to the interests of the algorithm
developers who have less focus on the softer aspects of the system such as patient-related
perspectives (12). This study might be the first that actually conducted a test period that
focus on the softer patient-related perspectives and aspects of testing a COPD prediction
algorithm into an already running telehealth system. Potential miscommunication regard-
ing a flag vs. bell alarm item can now be avoided, since the monitoring specialized COPD
nurses in the RCT, will receive more clear information regarding new symbols in the
telehealth system and the interpretation hereof. Again, this highlights the importance of
iterative steps within a system developing circle (12,13).

In conclusion, the participants with COPD were satisfied with the inclusion of the
prediction algorithm in a telehealth system. Likewise, the specialized COPD nurse felt
prepared to monitor after participating in the test period. However, all relevant question-
naires must be available for participants in the system and the identified technical issues
must be corrected before the RCT. Future work includes testing the developed COPD
prediction algorithm in the upcoming RCT.
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