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Abstract

The coronovarious disease 2019 pandemic increased the need for alternative
disease monitoring, medication management, and rehabilitation approaches. During
this period, significant adjustments were made to integrate telemedicine into various
aspects of healthcare.

This critical review describes the use and effectiveness of digital health approaches
adopted for the care of people with chronic respiratory diseases during and beyond
the COVID-19 pandemic. A thorough search was conducted in the PubMed database
from January 2020 up to December 2022. A total of thirty studies were retrieved and
reviewed for the utilization of telehealth services for education, monitoring, assessment,
self-management, and rehabilitation in comparison to standard care or not.

During the lockdown patients with chronic obstructive pulmonary disease, asthma,
cystic fibrosis, interstitial lung diseases, lung cancer, and neuromuscular disorders
indicated positive perception towards remote healthcare delivery. They expressed high
levels of satisfaction and achieved self-management in chronic obstructive pulmonary
disease and asthma. Remote visits decreased exacerbations of asthma and reinforced
smoke cessation in patients with chronic obstructive pulmonary disease.
Teleassessment and monitoring increased the percentage of cystic fibrosis and
Duchenne Muscular Dystrophy patients seen via telemedicine. Web platforms and
mobile applications supported telehealth interventions to reduce stress, depression,
and anxiety in patients with cystic fibrosis, assessed the quality of life and physical
activity of patients with sarcoidosis, and pursued health education in adolescents with
asthma. A few studies carried out telerehabilitation programs in patients with chronic
obstructive pulmonary disease, cystic fibrosis, Duchenne Muscular Dystrophy, and
sarcoidosis. Findings advocate the feasibility of online exercises, the improvement of
exercise capacity, muscle strength, respiratory muscle strength, and the reduction of
dyspnea and fatigue.

Keywords: asthma, COPD, cystic fibrosis, digital health, idiopathic pulmonary fibrosis,
interstitial lung disease, lung cancer, neuromuscular diseases, sarcoidosis, telehealth,

telerehabilitation
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INTRODUCTION feedback for exercise training as well as

The onset of the COVID-19 pandemic, as

well as the containment measures
implemented to limit the spread of the
infection, had a significant impact on the
global healthcare system. Many healthcare
providers were forced to reconsider the way
of assessing

and managing respiratory

diseases due to social constraints and
difficulties in accessing rehabilitation services,
resulting in a rapid shift from traditional care
to telehealth. digital health

remote monitoring

Innovative
solutions, particularly
programs, emerged and evolved quickly to
assist physicians, respiratory therapists, and
other clinical care teams in managing high-risk
respiratory patients within healthcare's "new

normal"’.

The term "digital health" refers to a broad
range of solutions based on the use of
information and communications technology

(ICT), such as telemedicine and telehealth

provided synchronous, asynchronous, or
remotely monitored (consultations,
monitoring, digital healthcare platforms,

electronic health records, health apps, etc)?. In
this sense, telerehabilitation in pulmonary
diseases employs a variety of technological
modalities to improve healthcare services and
the continuation of treatment’. Evidence

shows that monitoring, managing, and
rehabilitating pulmonary diseases via remote
interventions is a safe and efficient model®.
Telephone calls and videoconferencing are
examples of digital tools used to deliver
critical health components such as patients’
physiological signs and symptoms. Such

approaches also provide supervision and

discussions about self-management
education®.
Therefore, redesigning respiratory

rehabilitation services has become critical in
the management of chronic
diseases (CRDs) during and beyond the
2019 (COVID-19)
pandemic®. This review describes the use of

respiratory

coronovarious  disease
digital health approaches adopted for the
care of people with CRDs during and beyond
the COVID-19 pandemic. We focused on
several studies delivered from January 2020
up to December 2022 to support healthcare
interventions remotely provided to those
patients who suffered from CRDs or from
which
limitations and symptoms. We briefly report
in the

other diseases cause respiratory
the effectiveness of telemedicine

education, monitoring, assessment, self-
management, and rehabilitation of CRDs,
starting with the most common respiratory
diseases such as chronic obstructive
pulmonary disease (COPD) and asthma, cystic
fibrosis (CF), interstitial lung diseases (ILD),
and lung cancer, as well as the neurological

diseases that affect respiratory function.

METHODS

We conducted a critical review of the
literature to describe the adoption of digital
healthcare interventions, during the COVID-
19 pandemic, on chronic pulmonary diseases.
A comprehensive search was carried out in the
PubMed database from the inception of 2020
2022,
identify

articles. The search included a combination of

to December 31, using English

language literature to relevant
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keywords mainly focused on “digital health”,
“digital

“"telemedicine”, “telerehabilitation”, "health

tools”, “remote rehabilitation”,
care delivery”, "“exercise”, “intervention”,
“asthma”, "chronic obstructive”, “"COPD”,
“cystic  fibrosis”, “interstitial diseases”,
“pulmonary hypertension”, “lung cancer”,
“neuromuscular diseases” and "pulmonary
disease”. We examined full-text and open-
access articles. Inclusion criteria included
qualitative, quantitative, and mixed methods
studies. The period of patient recruitment
specifically covered the entire COVID-19
pandemic and beyond. No criterion was
applied  regarding  participants’  age.
Therefore, we included both adults and
children. Furthermore, editorials, letters to the
editor, reviews, and systematic reviews were

not considered.

Therefore, this critical review included
studies that
effectiveness  of

investigated the wuse and
telemedicine in  the
education, monitoring, assessment, self-
management, and rehabilitation of CRDs and
respiratory dysfunctions, compared to usual
care or not. Thirty articles were retrieved
through database searching after being

evaluated for relevance.

Chronic Obstructive Pulmonary Disease

In patients with COPD, the COVID-19
pandemic has imposed serious barriers to the
implementation of pulmonary rehabilitation in
the outpatient setting while virtual care usage
and telehealth have risen steeply in the last 3
years®. In a study conducted by the COPD
Foundation in May 2020, the authors reported
that 78% of patients with COPD had avoided

leaving their house since the beginning of the
pandemic and more than half (64%) started

using telemedicine for their healthcare’.

A Cochrane systematic review of telehealth
in patients with COPD examined 29 clinical
trials (5654 participants) all of those published
in the pre-pandemic period (by April 2020),
for the effects of remote monitoring alone (10
studies, 2456 participants) or in combination
with the usual care (8 studies, 1033 participants)
or multi-component interventions with remote
monitoring or consultation (11 studies, 2165
participants) versus usual care alone. Analysis
of the literature indicated low to moderate
evidence about the effects of telehealth
interventions compared to usual care when
assessed for the risk of an exacerbation,
dyspnea symptoms, hospital admissions, and
hospital service utilization or death?®.

Although the evidence about the
effectiveness of remote monitoring plus usual
care provided asynchronously is inconclusive,
remotely implemented pulmonary
rehabilitation (PR) programs are non-inferior
to traditional center-based PR programs and
have a greater effect on dyspnea symptoms
and COPD Assessment Test scores than the
usual care’. Therefore, clinicians in the early
days of the lockdown and the pandemic took
action to provide health-related support to
patients with COPD as healthcare systems
reduced drastically nonemergency in-person

care services.

2020, took

specific

In  early June place

predominantly  only planned
activities, such as gathering patients’ health

information'?, providing education, assessing
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the impact of COVID-19 on patients’ everyday
life, assessing the ways the pandemic affected
interactions with healthcare providers, and
developing self-management plans (Table 1).
Extended surveys for clinicians and patients
with COPD were carried out in the UK, aiming
to understand the scope and the support for
remote care delivery and information
gathering regarding the extent of their use of
remote care modalities'’. The majority of the
clinicians reported that they were able to
assess symptom severity (95%), reinforce
smoking cessation (84%) and oxygen therapy
(80%), and

management

support  patients’  self-
(80%). Notably, the
majority of patients (58%) had a high

plans

agreement that remote communication helps
to assess the severity of their symptoms.
Similarly, in a later study by Arnaert et al.",
patients with severe COPD (GOLD group D)
expressed their experiences and the potential
benefits of receiving integrated telehealth
Most
concerned and

services during the pandemic.

participants were more
anxious about their health due to their
vulnerability to severe consequences within
the COVID-19 context. They expressed that
having their general practitioners on a
telemonitoring system would be valuable in
facilitating the continuity of care without
feeling any fears about sharing their sensitive
health data information. Furthermore, COPD
patients felt confident to overcome any
technical difficulties and acknowledge the

effectiveness of a remote program' (Table 1).

The latest studies were part of larger
prospective studies that evaluated the use of

telemonitoring™,  telerehabilitation,  and

telecoaching' to enhance COPD patients’
health-related outcomes. This highlights that
the healthcare professionals had already been
prepared to face and to further study
telehealth services. Therefore, the pandemic
isolation sparked the clinical and research
activity in this field and allowed expansion to
more robust interventions, such as home-

based telerehabilitation®.

Acknowledging, the importance of
delivering interventions that promote physical
activity and improve functional performance
in patients with CRDs, Lewis et al."” found
significant

physical and  psychological

improvements in 1 min sit-to-stand test,
anxiety, depression, and respiratory-related
quality of life, after a 6-week (9-12 sessions)
delivery  home-based

online  platform

rehabilitation program.

Later on and during the pandemic, single-
center-based telerehabilitation sessions were
implemented with a variety of exercise types
(aerobic, resistance exercises for the lower
and the upper limbs, treadmill and bicycle
exercises, respiratory muscle training, etc)
(Table 1) mainly focused on patients with
COPD who

symptoms, such as greater dyspnea and/or

experienced more severe

more exercise and functional limitations'*'2™.
These sessions included those patients who
had already participated in a face-to-face
pulmonary rehabilitation program'.  Such
interventions show that telerehabilitation may
prevent the deleterious effects of the disease

1214 "such as the loss of functional

progression
capacity. Miozzo et al conducted two remote
synchronous sessions per week from April

2020 to July 2021 for 18 patients with COPD
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(Table 1). The authors found that the mean 6-
minute walking distance decreased by 39
meters in those patients who participated in
the remote telerehabilitation program and by
120 meters in the patients of the control
group (n=14) who did not receive any care.
Additionally, the benefits of mental health
(7414 versus 64£20 units, p=0.02) and social
(74+21 62+27
p=0.03) were significantly greater in the

functioning versus units,
telerehabilitation versus the control group

after the intervention.

Similarly in patients with more severe
COPD (FEV:%=30+5) (n=34), when daily
respiratory muscle training was provided
through a mobile phone application for 6
months, improved diaphragm mobility (pre-
rehabilitation versus post-rehabilitation: 2.81
versus 3.44 cm, respectively), inspiratory (pre:
57.9 versus post:73.2 cmH20) and expiratory
(pre: 83.4 versus post: 95.0 cnH20) muscle
strength™.
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TABLE 1. Characteristics of the selected studies for patients with COPD
Study Control
Authors/year . . . S
¢ sublication Purpose population/sample Study design group/sample Intervention Reported outcomes Limitations
o
P size/age, ys size/age, ys
T lore COPD patients’ Th text of dat
©exp ore patients Semi-structured Confident in the clinicians’ © ?On o ? ) o
experiences and the . X I ] collection; Participants
Arnaert et al ] . COPD/ 10/ o o interviews, availability and support during .
potential benefits of Qualitative descriptive study No CG ) ) T ) suffered from varying
(2022)1° o ) 71.5 ys (67-80) 60 to 90 minutes isolation time. Benefits of an ;
receiving telehealth nursing ) levels of COPD severity
) (June 2020) oximeter use .
services and other comorbidities
After 1.5 f isolation: 6MWD
To compare the outcomes ) ) ) ) Telerehabilitation during er - years ofiso .a on
TR o th fFUC Bronchiectasis, ILD, Bronchiectasis, COVID-19 demi decreased by 120 m in CG, and by S le het "
o o those o amon - andemic ample heterogeneity;
Miozzo et al , amMONS | pAH / COPD / 18/ Quasi-experimental ILD, COPD / 14 P 39 m in the TR group (p=.02); SF-36 P rogenetty
patients who previously ) isolation . o older CG with higher
(2022)'3 o . 73.4ys (7.4) retrospective study / ] social functioning and mental health o
participated in face-to-face (2 sessions/week) . . BMI; Small groups’ size
TR 54.5(8.7) improved only in the TR group by 17
PR programs (July 2020-July 2021) . .
uc and 2 units, respectively
Clinicians feel able to assess
symptoms severity (95%), reinforce
Clinicians' and patients’ Questionnaires; Two- smoking cessation (84%), and other
. . The responses may not
perceptions of the Clinicians and COPD . round consensus- healthcare resources (80%). .
Wu et al . . Online survey and a e A be representative.
appropriateness of using /55and 19/ L No CG building process based Patients: develop a self-
(2021 ) = consensus-building process ] ) The low number of
remote delivery for specific 25-74 ys on Delphi management plan (74%), reinforce Hicioant
articipants
healthcare activities period not referred smoking cessation (81%), seek in- P P
person care (72%), initiate a rescue
pack (76%)
QM'Xeq'm}ethOle aPprOZCh Significant changes in Limited external validity;
uantitative collection data 1 min sit-to-stand, GAD, PHQ -9, No control group;
. To assess the feasibility and COPD, ILD, Asthma for PR outcomes from online- 2 sessions/week, 6 . . o
Lewis et al . . o ) CRQ (dyspnea, fatigue, emotion, The majority of the
acceptability of an online / 14/ PR participants; semi- No CG weeks o
(2021)2 ) i i i ) mastery) participants had already
platform delivery of PR 69.7 ys (10.7) structured interviews with PR period not referred o .
- participated in some
staff (n=4) and participants )
face-to-face PR sessions
(n=4)
. “Pneumocontrol”
To implement an RMT o .
) application Small sample size;
Irina et al program supplemented severe COPD / 34/ ) ) ) Improvement of MEP, MIP )
) Experimental study No CG daily/30 breaths using . ] o bias for self-selected
(2021)"4 through a mobile phone 59.2 ys (6) . and diaphragmatic mobility (in cm) )
e the Powerbreath device patients;
application PR program

CG: control group; COPD: chronic obstructive pulmonary disease; CRQ: chronic respiratory questionnaire; ER: emergency room; GAD: generalized anxiety disorder; ILD: interstitial lung disease; MIP: maximum inspiratory

pressure; MEP: maximum expiratory pressure; PR: pulmonary rehabilitation; PAH: pulmonary arterial hypertension; PHQ: primary health questionnaire; PR: pulmonary rehabilitation; RMT: respiratory muscle training; TR:
telerehabiltation; UC: usual care; ys: years; 6MWD: é-minute walk distance
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Asthma asthma whereas 2.977 received no care (38%).

The main concern of the clinicians was to
develop and promote therapeutic strategies
to optimize symptom control for those
patients with severe asthma since many non-
compliant asthma patients made more effort
to schedule medical visits during the COVID-
19 pandemic™. As a result, significant
reductions in severe asthma attacks have
been reported, in primary care and in those
patients who need hospital admissions'.
Many asthmatic patients were satisfied with
the use of telemedicine as an effective
intervention for the prescription of their

medications and consultation.

During the COVID-19 pandemic, remote
home self-management programs have been
proven to be as effective as in-hospital care in
the risk of emergency department admissions
for patients suffering from severe asthma'’. In
particular, Benfante et al. (2022)" set up a
their
patients’ symptoms and exacerbations by

specific algorithm for monitoring

using a mobile phone application and
emergency phone calls.

The observational retrospective cohort
study by Cvietusa et al. (2022)"® examined the
extent to which patients received asthma care
through a virtual channel and the effects of
this  transition on asthma outcomes,
compared with the same period in 2019. Four
care classification groups were examined in
this study: (a) no care, (b) in-person only, ()
virtual care only, and (d) a mix of virtual and
in-person care. During the first 8 months of
the COVID-19 pandemic, 4.828 patients

(62%) received integrated health care for

Of the group receiving clinician care for
asthma, 1.952 (25%) received virtual care only,
1.792 (23%) received in-person care only, and
1.084 (14%) received a mix of virtual and in-
person care for asthma. The level of health
care for asthma decreased in all modes of care
from 76.7% in April to 43% by October 2020
and shifted from an in-person mode to virtual
care. Courses of prednisone and asthma
exacerbations  requiring

urgent care,

emergency department care, or
hospitalization were all more common in
those receiving a mix of in-person and virtual
care. Compared to the pre-pandemic levels,
there was a decrease in asthma exacerbations
during COVID-19, largely reflected in a
significant decrease in the prescription of oral
corticosteroids. In comparing patients who
had one or more exacerbations in 2019 with
those who had one or more exacerbations
during 2020, the mean number of total visits
was equal. However, the portion of total visits
that were virtual for this population increased
from 13% of all visits before COVID-19 to 58%

of all visits during COVID-19"8(Table 2).

In the study of Khan et al. (2021)", fifty
patients with severe asthma had telephone
follow-ups to determine their satisfaction with
telemedicine. Although thirty-one patients
(57.4%)

telemedicine for asthma self-management,

were  satisfied  when  using
10% of the sample was not satisfied with the
simple model of telephone consultation
without reporting another preferable mode.
Thirty-eight participants (70.4%) did not need
to intensify their treatment and none of the

respondents were admitted to a hospital

7
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during the COVID-19 pandemic and treatment, started oral steroids, or both)"

lockdown. A total of 12 participants (22.2%) (Table 2).

self-medicated (i.e., took over-the-counter
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TABLE 2. Characteristics of the Selected Studies for patients with Asthma

Authors/year of

Purpose

Study population/

Study design

Control group/

sample

Intervention

et al (2022)%

education when delivered in

person or the virtual setting

Patients
6.7 ys (1.2-17.0ys)

(April 2018 to October 2021

virtual session over an

in-person session

o . Reported outcomes Limitations
publication sample size/age, ys .
size/age, ys
Self-reported data can
To determine the be associated with
) ) ] ) ) Telephone model of )
satisfaction of patients with Severe asthma/ Cross-sectional o response bias;
Khan et al i ) telehealth survey Participants (57%)
(2022)19 severe asthma and the 48 elderly/ questionnaire-based No CG disfacti Small sample;
satisfaction
impact of the COVID-19 46.7 ys (22-61) survey study External validity and
(March 2020 to June 2020) .
lockdown generalizability may be
restricted
) ) ) Users of virtual care were )
) Patient-level information ] Not be generalizable to
To assess changes from in- . younger with fewer
) ) from the integrated T ) ) other health care
person to virtual care in ) ) comorbidities and financial )
. . . . Asthma/ Observational healthcare delivery system, . delivery systems;
Cvietusa et al patients with persistent ) ) barriers. o
s ) ) 7.805 adults/ retrospective cohort No CG electronic health records ) Used only a clinician
(2022)" asthma. Comparisons with Exacerbations decreased. ) ) )
18-99ys study (March to October 2019 o diagnosis of persistent
before the COVID-19 Asthma medication
) and March to October ] asthma but no other
pandemic adherence increased o
2020) ) criteria
slightly.
Lack of randomization;
To assess the effect of Asthma/ o Asthma/ ) )
) ) Quantitative study Pre-test / post-test, Qol improved in both
health education via a 214/ ) ) Males / 52 (13- ) )
o ) o ) quasi-experimental, non-equivalent CG design groups. Self-reported
Al Raimi et al mobile application in Experimental group 14ys) o i . . )
- ] pre-and post- Significant differences in questionnaires
(2022) promoting QoL among Males 44 (13-14 ys) ) ) ) Asthma/ )
. ) intervention design (during the COVID-19 Qol scores between
schoolchildren with asthma Females 63 (15-16 Females /55 ) ) )
) ) period) groups. Failure to install the
in urban Malaysia ys) (15-16ys) o
application
Investigate experiences in Asthma/ Structured surveys .
] ) ) Participants (65.2%)
) attending 100 patients and and semi-structured ]
Radhakrishnan ] ) o ) } preferred the option of a Lack of true
comprehensive asthma caregivers/ Qualitative study No CG interviews

randomization

CG: control group; Qol: quality of life; ys: years
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Pediatric Asthma

A scoping review, including 25 publications
from 2016-2021 with asthmatic children and
adolescents, demonstrated that mobile health
technology is well-suited for remote patient
monitoring (RPM) in a patient’s habitual
environment. There have been fast-paced
developments in mHealth-enabled pediatric
RPM, COVID-19

pandemic, necessitating evidence synthesis®.

especially during the

In this context, peak expiratory flow devices,
portable electronic spirometers, portable
exhaled nitric oxide measurements, and novel
digital health tools such as smartphone
microphone spirometers were the most
commercially available to monitor asthma
symptoms in children. These devices were
also designed to download results onto
mobile devices or computers, facilitating
transmission to and monitoring by healthcare
professionals. Some of these devices, such as
portable spirometers, may be valuable for in-
home monitoring, integrating virtual care with

critical physiological data?'.

A quasi-experimental pre-post intervention
design by Al Raimi et al. (2022)? examined the
effect of health education via a mobile
application in promoting the quality of life
among schoolchildren with asthma in urban
Malaysia during the COVID-19 era. A total of
214 students were participated randomly
assigned into two groups. The control group
health

whereas the experimental group received

received face-to-face education,
health education via a mobile application. The
authors found that health education via a
mobile application promotes the quality of life

among schoolchildren with asthma (Table 2).

Radhakrishnan et al. (2022)%
multi-methods study using

Similarly,
performed a
structured surveys and qualitative interviews
to solicit feedback from patients and
caregivers following participation in a
comprehensive asthma education sessions
delivered either remotely (n=48) or in-person
(n=23), between April 2018 and October
2021. Both virtual and in-person delivered
asthma education was equally effective for
knowledge  and

improving  perceived

confidence for asthma self-management.
Virtual education was considered safe and

more convenient (Table 2).

Cystic Fibrosis

Cystic fibrosis (CF) centers were obliged to
adopt telehealth services to safely evaluate
and follow up with patients avoiding the risk
of exposure and spread of COVID-19%, as
well as to monitor patients’ health condition
and their adherence to physiotherapy and
physical activity?. Carrying out physiotherapy
sessions via teleconsultations and remote
monitoring of patients appeared to be an
advantageous  strategy for  delivering
appropriate care and preserving the CF care
model®?# . Facing the impact of the COVID-19
pandemic on the dynamics of healthcare
services provided to CF patients, the clinicians
focused on the study of the acceptance of
telehealth services by those patients. The use
of web platforms for the transition from face-
to-face clinic visits to telemedicine seems to
be a feasible and participant-acceptable
option, as it was reported in a study where 38
out of 63 CF adult stable patients participated
in telehealth visits during the COVID-19
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pandemic® (Tables 3a, 3b). In the United
States of America (USA) an adult CF center's
experience

revealed a positive favorable

100%  of
respondents believing that telehealth will

toward  telemedicine, with
expand access to care and 80% supporting
future telehealth use at the CF center?.
Additionally, the majority of patients (90%)
thought that telemedicine would have little or
a favorable influence on their relationship with
the CF treatment team?. Also in the USA,
other adult, pediatric, and affiliate CF care
programs that were surveyed about telehealth
use, between July 29 and September 18,
2020, and again between April 19 and May
19, 2021, revealed that telehealth services

were available for use in 97% of the programs.
In the first survey period, 36% of patients
received telehealth via video conferences,
and 8% received care only by telephone
contact. In the second period, only 15% of
visits were via audio and video conferences.
Pediatric programs were less likely to
recommend telehealth than adults or affiliates
(21% versus 37% or 41% of the programs,
respectively). The telehealth advocates
highlighted as an advantage the increased
accessibility and the prevention of infection
transmission. However, according to all
programs, the most significant barrier to
patient engagement with telehealth was the

lack of internet access®.
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TABLE 3a. Characteristics of the Selected Studies for patients with Cystic Fibrosis
Authors/year Study population/ Control group/ . o
Intervention Reported outcomes Limitations

of publication

Purpose

sample size/age, ys

Study design

sample size/ age, ys

To increase the percentage of CF

Single-center

Spirometry monitoring

The percentage of patients who

owned a home spirometer and Single-center

Compton et al patients who owned a home )
) CF/131/non mentioned no CG . ) o
(2021)%¢ spirometer and were seen by study (onset of the pandemic to were seen via telemedicine study
telemedicine March 2021) increased
To determine the feasibility of a Home-based RET program via Small yet favorable changes in
home-based RET program using online videoconferencing insulin secretion. Decrease in the
Holmes et al virtual personal training and t.o Adolescents/10/ Feasibility pilot c?nsisting of 36 sessions,3 fat percentage and increase in -
observe the effects of completion no CG times/ week for 12 weeks fat-free mass and fat-free mass Small sample size
(2022)34 ) 15.80 £ 2.20 ys study . o
on glucose metabolism, index. Small, yet statistically
pulmonary function, body (during the COVID-19 significant increases in VOzpeak,
composition, and physical fitness pandemic period) VCO:peak and ventilation
4 individual telehealth Stress d df t
To pilot a Telehealth Adolescents, young . |n" M u§ ee ?a ress ecArease ron? pre‘ ° Small sample size.
. zoom" sessions lasting 30— post-testing. Reductions in S
) Psychological Support adults (16)/ ) ) ) ) A potential bias in
Graziano et al ) ) . 40 min each, with a depression for patients and )
Intervention for patients and 22.5+ 6.9ys Pilot Study no CG ) ) the recruitment of
(2021)3¢ ) psychologist parents but not anxiety. o
caregivers to reduce stress, parents (14)/ o . X participants.
depression, and anxiet 37+ 6.3ys Feasibility and satisfaction were Short intervention
P ! y =0 (March to May 2020) positive
Atel dici isit th h
To develop a standardized and elemedicine VSIt Troug
) o o the Webex platform ) lack access to
Compton et al sustainable process to transition ) Feasibility 38 patients were seen by the )
o 63/non mentioned no CG R high-performance
(2020)% from face-to-face clinic visits to Study multidisciplinary team internet
interne

telemedicine visits

(during the COVID-19
pandemic period)

CF: Cystic Fibrosis; CG: control group; RET: resistance exercise training; ys: years
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TABLE 3b. Characteristics of the Selected Studies for patients with Cystic Fibrosis
Control /
Authors/year Study population/ . ontro grf)up . o
T Purpose . Study design sample size/ Intervention Reported outcomes Limitations
of publication sample size/age, ys
age, ys
) RCADS score for anxiety and depression
To examine the effect of TR ) ) ) )
) Exercise program 3 times per decreased in the exercise group.
) on the Qol, depression, and . . . o L .
Kenis-Coskun ] . Children /14/ Children /14/ week via Zoom for 12 weeks Significant changes in improvement in
anxiety levels of children RCT Small sample

et al (2022)%®

with CF and their caregivers'
mood and anxiety levels

9.8x2.14ys

10.0 £ 1.64ys

(clinicaltrial. gov:NCT04683809)

the body image in the TR group.
Caregivers' anxiety and depression
levels did not change significantly

To monitor the health and
nutritional status of pediatric

Children and their

Prospective

Patients with
upper respiratory
tract infection or

Telehealth services to contact
patients

Telehealth services reduced CF patients’

Beser et al CF patients via telehealth . ) o and caregivers’ anxiety. CF patients
(2022 ) d 1o det . caregivers/144/ cross-sectional vaccination and ionificantly i d their nutiti | not reported
services and to determine significantly improved their nutritiona
the level of ety in th 8.9ys study their (March 11 to December 1, 9 ymp ot
e level of anxiety in the ) status
/49/ 2020
patients and their caregivers caregrvers )
9.2+2.1ys
To describe the experience 184 (137 child d Cross- Teleconsultations by
children an
Costa et al of implementing sectional, videoconference or telephone. 83.2% participated in the telemedicine
(2022)% teleconsultations in 47 adolescents) / descriptive no CG service not reported
7.2£53
respiratory physiotherapy ye study (March to December 2020)
Two surveys were disseminated Result .
esults may no
To understand how patients CF adults (120) and electronically via email/text to 77% of adults and 72% of pediatrics _Iy b
adults an necessarily be
Jaclyn et al and their families vers(141) Cross-sectional G all participants who completed | were highly satisfied with telehealth visits i ybl
caregivers no eneralizable.
(2021)* experienced the shift to d study a telehealth visit and 85%found the visits to be highly K

telehealthcare delivery

18 ys and greater

convenient.

No demographic data

b d
(April to June 2020) cyond age
CF: Cystic Fibrosis; CG: control group; QoL: Quality of Life; RCADS: Anxiety and Depression Scale in Children-Revised; RCT: Randomized Controlled Study; TR: Telerehabilitation; ys: years
Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3887 13



https://esmed.org/MRA/index.php/mra/article/view/3887

Medical
Research
Archives

Digital Health Care in Chronic Respiratory Diseases during and beyond the

COVID-19 pandemic. A Critical Review

Other researchers have reported positive
feedback concerning the feasibility and
efficacy of telehealth. Among the
respondents to a cross-sectional survey, 77%
of adults and 72% of pediatric patients
mentioned positive satisfaction with the
telehealth and 85% of all

noticed that the visits are

experience
participants
incredibly convenient®'. Phone consultation as
a routine clinical practice, for monitoring
functional well-being and health status in CF
outpatients was acceptable and useful for
both patients and healthcare professionals®.

Results from a single-center study showed
that the percentage of adult patients with CF
using home spirometers increased from 37%
in March 2020 to 97% in September 2020. The
percentage of patients monitored for
spirometry via telemedicine reached 96% by
October 2020 compared to 50% in March
2020%.

monitoring in CF care programs indicated that

Similar  experiences of remote
over eight months, from October 2020 to May
2021, the number of distributed monitoring
equipment (spirometers, weighing scales, and
oximeters) for home use increased rapidly
from 30% to 70% for spirometers, 50% to 70%
for weighing scales and 5% to 10% for

oximeters®,

It is notable that during the pandemic the
interest of the researchers was also focused
on the monitoring of the healthcare status of
pediatric patients. A prospective cross-
sectional study was carried out on 144
pediatric CF children (mean age 8.9 years)
and their caregivers, from March 11 to

December 1, 2020. The hospital’s CF team

provided support via video «calls and
interviewed the participants to collect data on
everyday life such as nutritional status, clinical
symptoms like anxiety and depression, and
medical issues like disease exacerbations. The
majority of patients had no remarkable
changes in appetite or any other mentioned
CF-related symptom. Also, there were no
significant issues in the use or supply of CF
drugs. However, anxiety was significantly
lower in the intervention group than in the

control group®.

Telerehabilitation ~ was  not  widely
implemented in patients with CF during the
COVID-19 pandemic. A feasibility pilot study
investigated the effects of a home-based
resistance exercise training program on
glucose metabolism, pulmonary function,
body composition, and exercise capacity in
ten adolescents aged 10 to 18 years with CF
and pancreatic insufficiency. The program
consisted of 36 whole-body strengthening
exercise sessions performed three times per
week on nonconsecutive days, with at least 24
hours of recovery between sessions. A set of
weight-adjustable dumbbells were given to
the patients and a personal trainer supervised
the sessions via live video calls using a web-
based

instructions, exercise demonstrations, and

platform.  Trainers  provided
verbal encouragement. Adherence to the
program was 78.9%. Virtual personal training
induced a significant increase in 2-h C-
peptide levels along with a moderate
reduction in fasting glucose. The fat-free mass
index had a moderate increase whilst the fat
Small but

statistically significant increases in VOgzpea,

percentage had a reduction.
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VCOgzpeak, and ventilation were observed®.
Another
recruited fourteen CF children aged 6-13

single-blind  randomized  trial
years with their caregivers to follow an
exercise program three times a week via
Zoom for twelve weeks. During the
telerehabilitation sessions, a combination of
postural exercises and high-intensity interval
training in the form of a game was used. The
intervention improved body image and
reduced anxiety and depression. Anxiety and
depression ratings in caregivers were not

significantly affected® (Table 3b).

Similar  effects  reported from a
psychological support intervention on stress,
depression, and anxiety of patients with CF
were studied in a group of sixteen participants
aged 12-36 years and fourteen parent-
caregivers aged 26-49 years, from March to
May 2020. The program consisted of four
“zoom" sessions lasting 30-40 minutes each,
led by a clinical psychologist. Each session
focused on self-care, coping skills, mood
improvement  exercises, and individual
emotional challenges. Results demonstrated a
significant decrease in stress and depression
levels among CF patients and their parents.

Anxiety levels remained unchanged®.

Interstitial Lung Diseases

Before the pandemic, digital tools were
already being used to deliver healthcare to
fibrosis. A
smartphone app that collected spirometry
in  the

patients  with  pulmonary
and pulse oximetry data aided
monitoring of patients with fibrotic lung
conditions®. However, a home monitoring

program for 24 weeks in patients with

idiopathic pulmonary fibrosis (IPF) including
daily home spirometry, weekly reporting of
symptoms and side effects, information about
IPF, medication coach, and teleconsultation
did not affect overall health-related quality of
life (Qol), but it did tend to improve
Although the
medication was considerably more frequently

psychological ~ well-being.
adjusted during the study period, satisfaction
with medication in terms of efficacy, side
effects, and ease of use was comparable in
both the intervention and control groups®.
Experience from participation in a 10-week
virtual  pulmonary rehabilitation  exercise
program delivered for 1-hour sessions, twice
weekly, reported improvement of health and
well-being of patients with IPF. However, after
completing the program, participants could
not commit to their participation in physical
activity. It is worth noting that a small number
of participants reported technical difficulties,

but these were easily resolved® (Table 4).

According to De-las-Heras et al. (2022), a
rehabilitation program for patients with
sarcoidosis seemed to have no significant
beneficial effect on exercise capacity. Fifteen
patients versus the control group (n=15)
completed a three-month telerehabilitation
program that included virtual workouts,
videos, and chat consultations with a
physiotherapist (Table 4). Each participant
was trained for at least 60 minutes per week,
creating tailored exercise sets divided into
four different intensity categories, combining
exercises from a digital database of 250
aerobic and strength 3D exercises. Exercise
capacity, as measured by 6MWT distance at

three, six, and nine months of follow-up, had
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no statistically significant differences between
groups. Adherence to the program was 64%
with an average of 28 minutes of exercise per
session, during the first three months, and
indicated  high

participation levels  of

satisfactionC.

Lung Cancer

Only a few studies have examined the
feasibility of telemedicine in patients with lung
cancer. In Italy, from June 19 to December 1,
2020, 83 adults with lung cancer participated
in video-consulting clinical visits. Patients
were prompted to complete an online survey
at the end of each virtual meeting recording
patients' satisfaction, effectiveness, clarity of
communication, project organization, and

comparison to an in-person visit. The positive

experience was expressed by 70.59% of all
respondents and 76.5% preferred video
consulting describing it as preferable to in-
person visits’'. Self-monitoring of physical
activity using a mobile health app connected
with an ankle-worn accelerometer for 24 hours
per day for six weeks appeared to be feasible
in 41

gastrointestinal or lung

patients who have undergone

cancer surgery.
Patients were able to set their own personal
Feedback

emphasized the ease of use, motivation to be

activity goals in the app.

more physically active, and availability of post-
(Table 4). QoL
assessment through a mobile application was

discharge  support*
also feasible in a small pilot study consisting
of 17 middle-aged patients with non-small cell

lung cancer®.
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TABLE 4. Characteristics of the Selected Studies for patients with Idiopathic Pulmonary Fibrosis, Sarcoidosis, and Lung Cancer
Authors/year of Study population/ Stud Control group/sample
. y. Purpose y p‘p R y K group P Intervention Reported outcomes Limitations
publication sample size/age, ys design size/ age, ys
High levels of Low recruitment
To explore the o ) ) ) satisfaction and rate. The program
, 39 : Qualitative semi-structured interviews n
O'Shea et al (2022) experience of a VPR IPF/13/69.5(10.4) ys no CG ) adherence to the was specifically
study (September 2020- April 2022) )
program program. Ease of for people with
accessibility ILD
No significant
Video and chat consultations with a ° }SIAgm ean
. . . . . beneficial effect of
To investigate the Single- physiotherapist and workout TR with VAPA
wi .
Cerdan de las Heras et al usefulness and Sarcoidosis/15/ center, Sarcoidosis/15/ sessions with a VAPA vs the usual . ) o at The low number
xercise capacity a
(2022)% effectiveness of TR 51.6x12.7 ys prospective, 56.1+14.4 ys standard of care for 3 months pacrty of participants
i ) 3, 6, and 9-month
on exercise capacity RCT .
N ) follow-ups improved
(clinicaltrial.gov:NCT03914027) )
numerically
A satisfaction score
was reported in Difficult to control
To report the results Video-consulting clinical visits from 70.59% of all the for selection
) " of a telemedicine Lung cancer/ ) home using smartphones, tablets, respondents. Most biases between
Pardolesi et al (2022) ) Pilot study no CG )
program in a cancer 83/64.0+12 ys or personal computer patients (76.5%) responders and
center (June to December 2020) preferred video non-responders.
consulting instead of Small sample
an in-person visit
To evaluate the .
Qo The retention rate
feasibility of PA self-
o was 72%, whereas
monitoring after ) ) Ankle-worn accelerometer and the o The study was
) ) ) gastrointestinal or lung . ) ) the rate of missing )
de Leeuwerk et al discharge in patients Feasibility corresponding mobile health app conducted in a
5 cancer surgery/41/68 no CG accelerometer data
(2022)* who have Study for 6 weeks after surgery
(60-73) ys
undergone

single hospital
setting

CG: control group; ILD: Interstitial Lung Disease; |IPF: Idiopathic Pulmonary Fibrosis; PA: Physical Activity; RCT: Randomized Controlled Study; TR: telerehabilitation; VAPA: virtual autonomous
physiotherapist agent; VPR: Virtual Pulmonary Rehabilitation; ys: years
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Neuromuscular Diseases

In the case of neuromuscular diseases
(NMDs), early in the COVID-19 pandemic led
to the rapid use of telehealth and remote
assessment and focused mainly on respiratory
function and respiratory muscle strength
assessment as well as on patient-reported

outcomes*4,

Remote consultation during
the pandemic showed an increased level of
satisfaction and willingness to continue with
remote respiratory assessment*“%. In most of
the studies, e-spirometry was acceptable by
patients with Duchenne muscular dystrophy
(DMD)*4? and Amyotrophic Lateral Sclerosis
(ALS)¥. All studies noticed benefits such as
improving breathing maneuvers and reducing
any fear of performing spirometry as a routine
assessment process**’. A limitation was that
some patients forgot to take the
measurements and declared that sending a
reminder about measurements via SMS would
be most

helpful for implementing the

assessments into their daily routines™.

Moreover, preference was given to the daily

training for respiratory function mainly
focused on children (aged between 9-18 years
old) with DMD?*474951,

(2021)*? focused on respiratory exercises such

Sobierajska et al.

as glossopharyngeal breathing, balloon
inflating, and breath stacking, encouraging
children to practice at home three times daily.
However, low adherence was reported, as
more than half of the patients felt overloaded
with home-schooling tasks and had not
enough trust in healthcare programs
conducted indirectly. On contrary, Kenis-
(2022)%

of telerehabilitation

Coskun et al. comparing the

effectiveness motor
function, functional capacity, and muscle
strength in patients with DMD, showed that
telerehabilitation is superior to improving
muscle strength of the upper and lower limbs
than a video home-based exercise program.
Additionally, higher compliance was found for
the telerehabilitation program compared to
video-recorded exercises mainly due to the
involvement of their caregivers during the

online sessions (Table 5).
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TABLE 5. Characteristics of the Selected Studies for patients with Neuromuscular Diseases
Study Control
Authors/year .
population/ . group/ . L
of Purpose . Study design Intervention Reported outcomes Limitations
L sample size/ sample
publication .
age, ys size/age, ys
To establish an online Home-based TR can be performed
Sobierajska- rehabilitation program and DMD/69 ob tional with guidance. Parents and
servationa
Rek et al motor assessment and to /9.41 (1.5-18) tive stud No CG Online motor assessment caregivers prefer online
rospective stu
(2020y* determine the need for TR in ys prosp y videos/instructions/video guidance
DMD to live workshops
Ri — - I
TR and video-exercise groups IS superlortln |m|nt3|:ovmg muscie A limited number of
stren
Kenis-Coskun TR versus home-based video DMD/19 Single, blind randomized 30-40min g . patients
. . . None of the programs improved X
et al (2022)* exercises in DMD patients 6-15ys study DMD 8wk/3times functional out . bulat Lack of internet
nction mes in am mn
Feb 2021 -May 2021 unetional cutcomes in ambuiatory connection
patients
Sobierajska- To investigate the feasibility of ) ) Respiratory TR can be used in
] . ) DMD Multi-center Online survey . .
Rek et al performing respiratory physical 4511 b tional stud No CG Dec2020-Feb 2021 DMD and caregivers should be Small sample size
rvation -
(20212 therapy with the use of TR in DMD ¥ ocoservational suoy ec N involved
Tatt et To evaluate the patient's ALS/25 Remote assessment FVC & PCF R " irat " Small e si
attersall e emote respiratory assessments mall sample size
experiences of performing /65,2 ys Observational study No CG Video consultation . P y ) P A
al (2022 . and video consultations are useful Selection bias
remote respiratory assessments Sep 2020 - Jan 2021
Hooshmand NMDs patients’ satisfaction NMD/50 Ob tional stud No CG TH satisfaction survey NMD patients have a favorable Small sample size
servational stu o
et al (2021)¥ with TH /15-88 ys y April 2020-June 2020 view of TH Lack of CG
. . o High satisfaction and acceptance
To investigate whether it is .
ible to monitor pulmonary E-spirometry of home spirometry Small sample grou
ossi -
Wasilewska P . P ) DMD/14 Observational P Almost 50% of patients were able P . P
function at home using an . No CG (FVC, FEV1, PEF) Short study period
et al (2021)>" o . . /9-16 ys prospective study to perform measurements ) )
individual electronic spirometry March 2021 - June 2021 ) Selection bias
) ] Need of a reminder about
system in boys with DMD. )
measurements via SMS
E-spirometry
. (FVC, FEV1, PEF) . .
Influence of e-spirometry MIP/MEP Improvement in breathing
Wasilewska monitoring on pulmonary DMD /21 Prospective, control- No CG Vi Scal Maintaining the strength of Small sample group
o ignos Scale
et al (2022)% function and respiratory 7-22ys case, open-label study ) 9 respiratory muscle and handgrip Wide age range
6-point Brooke scale
muscles strength ) . strength.
Maximal grip strength
June 2021- Oct 2021

CG: control group; DMD: Duchenne Muscular Dystrophy; FEV1: Forced Expiratory Volume in 1 second; FVC: Forced Vital Capacity;MIP:maximal inspiratory pressure; MEP: maximal expiratory pressure; NMDs:
Neuromuscular diseases; PCF: Peak cough flow PR: pulmonary rehabilitation; PEF: Peak Expiratory Flow; TM: telemedicine, TH: Telehealth; TR: Telerehabiltation; ys: years
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CONCLUSION increased remote accessibility and the

The COVID-19 pandemic urged healthcare
transition from face-to-face clinic visits to
with  CRDs
acquainted with digital tools, reported a

telemedicine visits. Patients

positive experience, potential for self-
management monitoring, and adherence to
telerehabilitation programs. Virtual education
programs were effective for

patients' knowledge for their CRD. The

improving

prevention of infection transmission were
highlighted as advantages by telehealth
supporters. However according to all
interventions, the most significant barrier to
patient engagement with telehealth was the
lack of internet access. As we recover from the
pandemic, the implementation of

telemedicine in healthcare settings will

evolve.

20

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3887


https://esmed.org/MRA/index.php/mra/article/view/3887

Medical

Rese.arch Digital Health Care in Chronic Respiratory Diseases during and beyond the
Archives COVID-19 pandemic. A Critical Review
Corresponding author: Conflict of Interest:
Kortianou EA. Authors declare that there are no conflicts of
Associate Professor, interest to disclose

Physiotherapy Department, Faculty of Health
Sciences, University of Thessaly, Greece Funding:
E-Mail: ekortianou@uth.gr None

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3887 21


https://esmed.org/MRA/index.php/mra/article/view/3887
mailto:ekortianou@uth.gr

Medical

Rese.arch Digital Health Care in Chronic Respiratory Diseases during and beyond the
Archives COVID-19 pandemic. A Critical Review
References: Pulmonary Disease. Chronic Obstr Pulm Dis.

1. Garfan S, Alamoodi AH, Zaidan BB, et al.
Telehealth utilization during the Covid-19
pandemic: A systematic review. Comput Biol
Med. 2021;138(September):104878.
doi:10.1016/j.compbiomed.2021.104878

2. Ding H, Fatehi F, Maiorana A, Bashi N, Hu
W, Edwards |. Digital health for COPD care:

The current state of play. J Thorac Dis. 2019;
11(3):52210-S2220. doi:10.21037/jtd.2019.10.17

3. Cox NS, Dal Corso S, Hansen H, et al.

Telerehabilitation for chronic respiratory
disease. Cochrane Database Syst Rev. 2021,

2021(1). doi:10.1002/14651858.CD013040.pub2

4. Grosbois JM, Gephine S, Le Rouzic O,

Chenivesse C. Feasibility, safety and

effectiveness  of  remote  pulmonary
rehabilitation during COVID-19 pandemic.
Respir Med Res. 2021;80:6-8.

doi:10.1016/j.resmer.2021.100846

5. Taito S, Kataoka .
Telerehabilitation in subjects with respiratory

Yamauchi K,

disease: A scoping review. Respir Care. 2021;
66(4):686-698. doi:10.4187/respcare.08365

6. Health Foundation NT. The Remote Care
Revolution During Covid-19. Accessed March
5, 2023.
https://www.nuffieldtrust.org.uk/files/2020-
12/QWAS/digital-and-remote-care-in-covid-
19.html#1

7. Boyce DM, Thomashow BM, Sullivan J, Tal-
Singer R. New Adopters of Telemedicine
during the Coronavirus-19 Pandemic in
Respondents to an Online Community Survey:
The Case for Access to Remote Management

Tools for Individuals with Chronic Obstructive

2021;8(1):213-218.
doi:10.15326/JCOPDF.2020.0181

8. Janjua S, Carter D, Threapleton CJD,

Prigmore S, Disler RT. Telehealth
interventions:  remote  monitoring  and
consultations for people with chronic
obstructive pulmonary disease (COPD).

Cochrane Database Syst Rev. 2021;2021(7).
doi:10.1002/14651858.CD013196.pub2

9. Michaelchuk W, Oliveira A, Marzolini S, et
al. Design and delivery of home-based
telehealth pulmonary rehabilitation programs
in COPD: A systematic review and meta-
analysis. Int J Med Inform. 2022;162:104754.
doi:10.1016/j.ijmedinf.2022.104754

10. Arnaert A, Ahmad H, Mohamed S, et al.

Experiences of patients with chronic

obstructive pulmonary disease receiving
integrated telehealth nursing services during
COVID-19 lockdown. BMC Nurs.
2022;21(1):1-13. doi:10.1186/s12912-022-

00967-2

11. Wu F, Burt J, Chowdhury T, et al
Specialty COPD care during COVID-19:
Patient and clinician perspectives on remote
delivery. BMJ Open Respir Res. 2021;8(1):1-8.
doi:10.1136/bmjresp-2020-000817

12. Lewis A, Knight E, Bland M, et al.
Feasibility of an online platform delivery of
pulmonary rehabilitation for individuals with
chronic respiratory disease. BMJ Open Respir
Res. 2021;8(1):1-8.  doi:10.1136/bmijresp-
2021-000880

13. Miozzo AP, Camponogara Righi N, Yumi
Shizukuishi ML, et al. A Telerehabilitation

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3887

22



https://esmed.org/MRA/index.php/mra/article/view/3887
https://www.nuffieldtrust.org.uk/files/2020-12/QWAS/digital-and-remote-care-in-covid-19.html#1
https://www.nuffieldtrust.org.uk/files/2020-12/QWAS/digital-and-remote-care-in-covid-19.html#1
https://www.nuffieldtrust.org.uk/files/2020-12/QWAS/digital-and-remote-care-in-covid-19.html#1

Medical
Research
Archives

Digital Health Care in Chronic Respiratory Diseases during and beyond the

COVID-19 pandemic. A Critical Review

Program for Maintaining Functional Capacity
in Patients With Chronic Lung Diseases During
a Period of COVID-19 Social Isolation: Quasi-
Experimental Retrospective Study. JMIR
Rehabil Assist Technol. 2022;9(4):1-10.
doi:10.2196/40094

14. lIrina BP, Steluta MM, Emanuela T, et al.

Respiratory  muscle  training  program
supplemented by a cell-phone application in
COPD patients with severe airflow limitation.
Respir Med. 2021;190:106679.

doi:10.1016/j.rmed.2021.106679

15. Lin CH, Cerrone DA. Shifts in Asthma
Evaluation and Management During COVID-
19. Curr Treat Options Allergy. 2022;9(2):42-
51. doi:10.1007/s40521-022-00304-7

16. Fletcher M, van der Molen T, Lenney W,
Boucot |, Aggarwal B, Pizzichini E. Primary
Care Management of Asthma Exacerbations
or Attacks: Impact of the COVID-19
Pandemic. Adv Ther. 2022;39(4):1457-1473.
doi:10.1007/512325-022-02056-x

17. Benfante A, Principe S, Cicero MN,
G, Durante C,
Scichilone N. Management of severe asthma
during the first lockdown phase of SARS-CoV-
2 pandemic: Tips for facing the second wave.
Pulm Pharmacol Ther. 2022:73-74:102083.
doi: 10.1016/j.pupt.2021.102083

Incandela M, Seminara

18. Cvietusa PJ, Goodrich GK, Steiner JF,
Shoup JA, King DK, Ritzwoller DP, Shetterly
SM, Bender BG. Transition to virtual asthma
care during the covid-19 pandemic: an
observational study. J Allergy Clin Immunol
Pract. 2022;10(6):1569-1576.

doi: 10.1016/j.jaip. 2022.02.027

19. Khan MA, Rajkumar R, Hammadi M, Al-
Gamedi M, Al-Harbi A, Al-Jahdali H. Severe
asthma patients experience and satisfaction
with virtual clinics during COVID-19 period.
Avicenna J Med. 2021;11(3):126-131. doi:
10.1055/5-0041-1732283

20. Dauletbaev N, Oftring ZS, Akik W,
Michaelis-Braun L, Korel J, Lands LC,
Waldmann S, Miller BS, Dreher M, Rohde G,
Vogelmeier CF, Kuhn S. A scoping review of
mHealth monitoring of pediatric bronchial
asthma before and during COVID-19
pandemic. Paediatr Respir Rev. 2022;43:67-
77. doi: 10.1016/j.prrv.2022.01.002

21. Ferrante G, Licari A, Marseglia GL, La
Grutta S. Digital health

children with asthma. Clin Exp Allergy.
2021;51(2):212-220. doi:10.1111/cea.13793

22. Al Raimi AM, Chong MC, Tang LY, Chua
YP, Al Ajeel LY. Effect of Health Education via
Mobile Application in Promoting Quality of

interventions in

Life Among Asthmatic Schoolchildren in
Urban Malaysia During the COVID-19 Era: A
Quasi-experimental Study. CIN - Comput
Informatics Nurs. 2022:40(9):648-657.
doi:10.1097/CIN.0000000000000927

23. Radhakrishnan D, Higginson A, Thipse M,
Tessier M, Radhakrishnan A. Optimizing
pediatric asthma education using virtual
platforms during the COVID-19 pandemic.
Allergy, Asthma Clin Immunol. 2022;18(1):1-7.
doi:10.1186/s13223-022-00713-y

24. Beser OF, Karaboga EPU, Hepkaya E, et
al. The Role of Telehealth Services in Children
with  Cystic Fibrosis During Coronavirus
Disease 2019 Outbreak. Telemed e-Health.
2022,28(6):832-837. doi:10.1089/tmj.2021.0228

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3887

23



https://esmed.org/MRA/index.php/mra/article/view/3887

Medical
Research
Archives

Digital Health Care in Chronic Respiratory Diseases during and beyond the

COVID-19 pandemic. A Critical Review

25. Hatziagorou E, Toulia |, Avramidou V,
Kampouras A, Tsara V, Tsanakas J. Change in
CF care during COVID-19 pandemic: Single-
center experience in a middle-income setting.
Pediatr Pulmonol. 2021;56(9):3065-3067.
doi:10.1002/ppul.25560

26. Compton M, List R, Starheim E, et al.
Home spirometry utilisation in telemedicine
clinic for cystic fibrosis care during COVID-19
pandemic: a quality improvement process.
BMJ Open Qual. 2021;10(3):1-6.
doi:10.1136/bmjog-2021-001529

27. Costa RLF, Costa RF, Gongalves CP,
Cohen RWF, Santana NN. Telemedicine of
patients with cystic fibrosis during the COVID-
19 pandemic. Rev Paul Pediatr. 2022;40.
doi:10.1590/1984-0462/2022/40/2021118IN

28. Compton M, Soper M, Reilly B, et al. A
Feasibility Study of Urgent Implementation of
Cystic Fibrosis Multidisciplinary Telemedicine
Clinic in the Face of COVID-19 Pandemic:
Single-Center Experience. Telemed e-Health.
2020;26(8):978-984. doi:10.1089/tm;j.2020.0091

29. Womack C, Farsin R, Farsad M, Chaudary
N. Emerging alternatives to conventional
clinic visits in the era of COVID-19: Adoption
of telehealth at VCU adult cystic fibrosis
center. Int J Gen Med. 2020;13:1175-1186.
doi:10.2147/1JGM.S274193

30. Gifford AH, Ong T, Dowd C, et al
Evaluating barriers to and promoters of
telehealth during the COVID-19 pandemic at
U.S. cystic fibrosis programs. J Cyst Fibros.
2021;20(January):9-13.
doi:10.1016/].jcf.2021.08.034

31. Jaclyn D, Andrew N, Ryan P, et al. Patient
and family perceptions of telehealth as part of

the cystic fibrosis care model during COVID-
19. J Cyst Fibros. 2021;20(3):e23-e28.
doi:10.1016/].jcf.2021.03.009

32. Rodkjeer L, Jeppesen M, Schougaard L.
Management Fibrosis
COVID-19:
based remote follow-up among CF patients in
Denmark — A feasibility study. J Cyst Fibros.
2022;21(2):e106-e112.

doi:10.1016/.jcf.2021.10.010

33. Ong T, Van Citters AD, Dowd C, et al.
Remote monitoring in telehealth care delivery

of Cystic
Patient

during
Reported Outcomes

across the U.S. cystic fibrosis care network. J
Cyst Fibros. 2021;20:57-63.
doi:10.1016/].jcf.2021.08.035

34. Holmes CJ, Racette SB, Symonds L,
Arbeldez AM, Cao C, Granados A. Feasibility
and Efficacy of Telehealth-Based Resistance
Exercise Training in Adolescents with Cystic
Fibrosis and Glucose Intolerance. Int J Environ
Res Public Health. 2022;19(6).
doi:10.3390/ijerph 19063297

35. Kenis-Coskun O, Aksoy AN, Kumas EN, et
al. The effect of telerehabilitation on quality of
life, anxiety, and depression in children with
cystic fibrosis and caregivers: A single-blind
randomized trial. Pediatr Pulmonol. 2022;
57(5):1262-1271. doi:10.1002/ppul.25860

36. Graziano S, Boldrini F, Righelli D, et al.
Psychological interventions during COVID
pandemic: Telehealth for individuals with

cystic fibrosis and caregivers. Pediatr Pulmonol.
2021;56(7):1976-1984. doi:10.1002/ppul.25413

37. Edwards C, Costello E, Cassidy N, Vick B,
Russell AM. Use of the patientMpower app
with home-based spirometry to monitor the

symptoms and impact of fibrotic lung

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3887

24



https://esmed.org/MRA/index.php/mra/article/view/3887

Medical
Research
Archives

Digital Health Care in Chronic Respiratory Diseases during and beyond the

COVID-19 pandemic. A Critical Review

conditions: Longitudinal observational study.
JMIR mHealth uHealth. 2020;8(11):1-9.
doi:10.2196/16158

38. Moor CC, Mostard RLM, Grutters JC, et

al. Home monitoring in patients with
idiopathic pulmonary fibrosis: A randomized
controlled trial. Am J Respir Crit Care Med.
2020;202(3):393-401.

doi:10.1164/rccm.202002-03280C

39. O'Shea O, Murphy G, Forde L, O'Reilly
KMA. A qualitative exploration of people
living with idiopathic pulmonary fibrosis
experience of a virtual pulmonary rehabilitation
programme. BMC Pulm Med. 2022;22(1):1-

10. doi:10.1186/512890-022-02221-6

40. Cerdan de Las Heras J, Balbino F,
Catalan-Matamoros D, Legkke A, Hilberg O,
Bendstrup E. Effect of a Telerehabilitation
program in sarcoidosis. Sarcoidosis, Vasc
Diffus lung Dis Off J WASOG. 2022;39(1):
e2022003. doi:10.36141/svdld.v39i1.12526

41. Pardolesi A, Gherzi
Telemedicine for management of patients

L, Pastorino U.

with lung cancer during COVID-19 in an Italian
cancer institute: SmartDoc Project. Tumori.
2022;108(4):357-363.
doi:10.1177/03008916211012760

42. de Leeuwerk ME, Botjes M, van Vliet V, et
al. Self-monitoring of Physical Activity after
Hospital Discharge in Patients Who Have
Undergone Gastrointestinal or Lung Cancer
Surgery: Mixed Methods Feasibility Study.
JMIR Cancer. 2022;8(2):1-15.
doi:10.2196/356%94

43. Prasongsook N, Seetalarom K,
Saichaemchan S, Udomdamrongkul K. A Pilot

Study of Using Smartphone Application vs.

Routine Follow-Up for Patient Care in
Advanced Non-Small Cell Lung Cancer
During the COVID-19 Pandemic Era. Front
Med Technol. 2022;4(June):1-11.
doi:10.3389/fmedt.2022.900172

44. Wasilewska E, Sobierajska-Rek A,
S, Solinski

Benefits of Telemonitoring of Pulmonary

Matgorzewicz M, Jassem E.
Function—3-Month  Follow-Up of Home

Electronic  Spirometry in Patients with
Duchenne Muscular Dystrophy. J Clin Med.

2022;11(3). doi:10.3390/jcm 11030856

45. Kenis-Coskun O,
Karamancioglu B, Kurt K, Ozturk G, Karadag-
Saygi E. Comparison of telerehabilitation

Imamoglu S,

versus home-based video exercise in patients
with Duchenne muscular dystrophy: a single-
blind randomized study. Acta Neurol Belg.
2022;122(5):1269-1280. doi:10.1007/s13760-
022-01975-4

46. Poberezhets V, Pinnock H, Vogiatzis |,
Mishlanov V. Implementation of digital health
interventions in respiratory medicine: A call to
action by the european respiratory society m-
health/e-health group. ERJ Open Res. 2020;
6(1):0-1. doi:10.1183/23120541.00281-2019

47. Hooshmand S, Cho J, Singh S,
Govindarajan R. Satisfaction of Telehealth in
Patients With Established Neuromuscular
Disorders. Front Neurol. 2021;12(May):1-5.
doi:10.3389/fneur.2021.667813

48. Tattersall R, Carty S, Meldrum D,
Hardiman O, Murray D. The patient ' s
perspective of remote respiratory
assessments during the COVID-19 pandemic
Title: The Patient ' s Perspective of Remote

Respiratory Assessments During the Authors:

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3887

25



https://esmed.org/MRA/index.php/mra/article/view/3887

Medical
Research
Archives

Digital Health Care in Chronic Respiratory Diseases during and beyond the

COVID-19 pandemic. A Critical Review

4: Department of Neurology , Beaumont
Hospital Caption List: Table 1: . Published
online 2022.

49. Sobierajska-Rek A, Manski k, Jabtonska-
Brudto J, Sledzinska K, Ucinska A, Wierzba J.
Establishing a telerehabilitation program for
patients with Duchenne muscular dystrophy in
the COVID-19 pandemic. Wien Kilin
Wochenschr. 2021;133(7-8):344-350.
doi:10.1007/s00508-020-01786-8

50. Harjpal P, Kovela RK, Raipure A, Dandale
C, Qureshi MIl. The Refinement of Home
Children  and
Adolescents With Muscular Dystrophy in the
Present COVID-19 Pandemic Scenario: A
Scoping Review. Cureus. 2022;14(9).
doi:10.7759/cureus.29344

Exercise  Program  for

51. Wasilewska E, Sobierajska-Rek A,
Matgorzewicz S, Solinski M, Szalewska D,
Jassem E. Is it possible to have home e-
monitoring of pulmonary function in our
patients with duchenne muscular dystrophy in
the covid-19 pandemic?—a one center pilot
study. Int J Environ Res Public Health.
2021;18(17). doi:10.3390/ijerph 18178967

52. Sobierajska-Rek A, Manski k, Jabtonska-
Brudto J, Sledzinska K, Wasilewska E,
Szalewska D. Respiratory telerehabilitation of
boys and young men with duchenne muscular
dystrophy in the covid-19 pandemic. Int J
Environ Res Public Health. 2021;18(12).
doi:10.3390/ijerph 18126179

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/3887

26



https://esmed.org/MRA/index.php/mra/article/view/3887

