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Abstract 
Telemedicine is proving to be a useful tool in the telemonitoring of respiratory patients and telerehabilitation programs. The use 
of telemedicine has been proposed by the main medical societies because of the limited resources and the healthcare workers 
infection risk in the Coronavirus Disease 2019 (COVID-19) pandemic.

The aim of this pilot program is to evaluate the feasibility of COVID-19 telerehabilitation program from the hospital to the 
home with clinical, functional and patient satisfaction outcomes. Rehabilitation was initiated in the hospital by a physiotherapist 
and complemented by “Estoi” (a mobile application), which was continued at home with telemonitoring and messaging with the 
medical team. Patients’ habitual use of smartphones was not queried for inclusion.

Sixteen patients were consecutively enrolled, 47% women with a mean age of 63 years old. 50% of patients completed ≥15 
rehabilitation sessions. In total, 88% of patients referred that the mobile application incentive them to do more physical therapy, 
and 63% would choose telerehabilitation instead of center-based rehabilitation for new rehabilitation programs. Patient satisfaction 
(0–10) for the mobile application was 8.4 and 8.9 for the telerehabilitation program.

Beginning telerehabilitation in the hospital could increase the efficacy and efficiency of physical therapy, which is safe for 
patients and healthcare workers. Following at home, this telerehabilitation program seems to encourage and empower patients 
who have reported high satisfaction. Further randomized studies with larger numbers of patients and multicenter studies are 
required to evaluate these results.

Abbreviations: COVID-19 = coronavirus disease 2019, PROMs = patient-reported outcomes measures, PREMs = patient-
reported experience measures, PEP = positive expiratory pressure, SD = standard deviation, IQR = interquartile range.

Keywords: COVID-19, mHealth, PREMs and PROMs, rehabilitation, smartphone application, telemedicine, telerehabilitation 

1. Introduction

Rehabilitation of patients hospitalized for COVID-19 pneumonia 
is recommended to be initiated in the early hospital phase and con-
tinued at home after hospital discharge.[1,2] However, some experts 
mentioned that comprehensive rehabilitation programs may not 
be available due to resource limitations during the COVID-19 
pandemic.[1] Telemedicine has proved as a useful tool in rehabili-
tation[3,4] and offers many opportunities in the COVID-19 era.[5]

The use of smartphones in rehabilitation is increasing rap-
idly in the last few years.[6] Elderly age, educational level, and 

resistance to change are well-known barriers to adopting tele-
medicine.[7] However, the COVID-19 pandemic has contributed 
to overcoming these barriers to standardize the use of smart-
phones in telemedicine.[8] The new opportunities provided by 
smartphones such as real-time video calling, stimulating and 
tracking adherence to rehabilitation, telemonitoring of symp-
toms for the early management of exacerbations as well as 
online personalization of rehabilitation programs have made 
smartphones a great partner in rehabilitation.[6] Hence, reha-
bilitation programs using smartphones are achieving promising 
results.[4,5,9]
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The outcomes of test metrics such as lung capacity or exer-
cise tolerance, while important, do not always are correlated 
with the patient’s perspective of the impact of healthcare inter-
vention and how it has been performed.[10,11] Therefore, the 
use of Patient-Reported Outcomes Measures (PROMs)[11] and 
Patient-Reported Experience Measures (PREMs)[10] are rec-
ommended to assess the patient’s perspective after a medical 
action. PROMs[11] are tools to assess the patient’s perception of 
the impact of health care intervention on their condition (e.g., 
health-related quality of life or dyspnea scale), while PREMs[10] 
assess the patient’s perception of how the health care is received 
(e.g., Am I satisfied with the follow-up?).[10,11]

Therefore, a prospective pilot study to evaluate the feasibility 
and patient outcomes of the COVID-19 telerehabilitation pro-
gram using a mobile application was carried out.

2. Methods
Moderate–severe pneumonia COVID-19 patients with smart-
phone availability were consecutively included after accepting 
the informed consent. Patients with unstable clinical status 
or cognitive impairment, as well as those who did not have a 
smartphone were excluded. Predisposition to perform rehabil-
itation with a smartphone or its regular previous use was not 
queried for inclusion. This study has been approved by the cen-
ter’s ethics committee (ref.PR168/20).

The telerehabilitation program was designed “from hospi-
tal to home,” beginning the physical therapy in sessions once a 
day under the supervision of a physical therapist. Patients were 
encouraged to perform extra sessions during admission and to 
continue the rehabilitation at home using the paper support or 
mobile application according to their preference. The rehabili-
tation program was designed and encouraged to be performed 
twice a day, which included 6 exercises of 5 recommended rep-
etitions at a mild–moderate intensity according to the patient’s 
tolerance (4–6 on the Borg dyspnea scale). Exercises involved 
muscle strength and endurance, inspiratory/expiratory muscle 
training, guided ventilations, self-drainage, and positive expira-
tory pressure (PEP). The devices used for the breathing exercises 
were Threshold® PEP[12] or PEP-bottle.[13] PROMs and PREMs 
were collected at 8 weeks of discharge. “Estoi” was the mobile 
application used, which enables: (1) performing rehabilitation 
through videos with explanatory texts; (2) telemonitoring reha-
bilitation and clinical data, making the required changes; (3) 
messaging with their medical team.

2.1. Statistical analysis

For descriptive analysis, categorical data were described as a 
number of cases and percentage, while continuous variables 
were described as mean and standard deviation (SD) or median 
and interquartile range (IQR) for continuous variables, when 
appropriate according to Shapiro–Wilk test. For comparative 
analysis of continuous variables Student T-Test for the paramet-
rical test or Wilcoxon signed-rank test for the nonparametrical 
test were used, when appropriate. Differences were considered 
significant when P < 0.05. Data were analyzed with the SPSS for 
Windows® 25.0 (IBM, USA).

3. Results
Patient data are shown in Table  1. 16 patients were enrolled, 
47% women with a mean age of 63 years old (standard devia-
tion [SD] 7.2). One patient had a history of emphysema with-
out decompensation and 1 had stable ischemic cardiopathy. The 
mean of body mass index was 27.9 (SD 3.2), forced vital capacity 
85.3% of predicted (SD 22.7), diffusing lung capacity for car-
bon monoxide 60.7% of predicted (SD 24.3) and 309 meters at 
6-min walk distance (SD 144). 50% of patients did not attend   
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high school and 31% did not use their mobile phone regularly. 
Referred EQ-VAS showed a significant worsening from a median 
of 10 (IQR 2.0) before COVID-19 to 6.75 (IQR 1.0) at 8 weeks 
of hospital discharge (P < 0.001). According to app data, 81% of 
patients performed rehabilitation sessions, 88% sent their clini-
cal follow-up, and 63% sent messages to the medical team using 
the app. Program complete satisfaction in physical recovery, fol-
low-up, and personal data security were reported by all patients. 
Easy access to the medical team was reported by 87% of patients. 
Up to 88% of cases believed that the mobile application incentives 
them to do more physical therapy, also they would use this tele-
medicine app again and recommended it to others. Interestingly, 
63% of our patients would have chosen home telerehabilitation 
instead of center-based rehabilitation at hospital discharge for a 
new rehabilitation program. Evaluating patient satisfaction over 
10, satisfaction with the usefulness of the mobile application in 
rehabilitation was 8.4/10 (SD 1.2) and satisfaction with the start 
of rehabilitation in the hospital followed by telerehabilitation was 
8.9/10 (SD 1.1). No significant differences were found between 
satisfaction among the mobile application and the rehabilitation 
(8.4 vs 8.9, P = .208). However, at 8 weeks postdischarge, the 
PROMs (EQ-VAS) scored significantly lower than the PREMs on 
satisfaction referred with both mobile app (6.75 vs 8.4, P = .015) 
and rehabilitation (6.75 vs 8.9, P = .001).

4. Discussion
Taking rehabilitation programs’ design into consideration, our 
telerehabilitation program integrates the telemedicine bene-
fits[14] with the rehabilitation recommendations.[1,2] Different 
from other COVID-19 rehabilitation programs that require a 
physiotherapist to perform the video call rehabilitation,[15] our 
program focuses on empowering the patient with videos and 
explanatory texts of physical therapy without physiotherapist 
supervision.

Regarding rehabilitation adherence, Lambert et al[4] found 
better adherence to home-based programs of physical therapy 
with remote app support against those with paper support. 
Likewise, 88% of patients felt that they did more rehabilitation 
due to having the mobile application available. Interestingly, 
1 patient did not perform the physical therapy with the appli-
cation but he sent clinical follow-up and messages using the 
application, with an opinion referred that the telerehabilitation 
program had encouraged him to perform more physical therapy 
sessions despite their personal preferences to use paper support.

The successful telemonitoring by the application and the mes-
sages received by the medical team helped to optimize the medi-
cal treatment and rehabilitation program in 37% of the patients 
between discharge and the 8-week follow-up visit. Similarly, Ding 
et al[16] published the potential of chronic obstructive pulmonary 
disease telemonitoring in the early remote intervention of exacer-
bations. Opposite to a previous COVID-19 telemonitoring study, 
our patients didn’t require Emergency department visits.[17]

Similar to our program, satisfaction is generally high in telemed-
icine programs.[4] Further, the COVID-19 pandemic context and 
avoidance of displacement have likely played an important role 
in that satisfaction with the mobile application and rehabilitation 
were evaluated better than general condition (EQ-VAS) at 8 weeks 
after discharge. Interestingly, 63% of our patients would have cho-
sen home telerehabilitation for a new rehabilitation program.

Patient selection is often a limitation in telemedicine studies, 
with benefits usually found in selected populations.[18] Likewise, 
in our study, 2 patients without extreme characteristics did not 
use the application either in physical therapy or in follow-up 
or to contact the medical team. Nonetheless, by providing both 
paper and app support without having to choose, patients were 
able to perform the pulmonary rehabilitation with high overall 
satisfaction with the program. For this reason, in our opinion, 

telemedicine programs should always consider including paper 
support for avoiding any exclusion.

Our study has several limitations such as the limited number 
of patients included and the lack of a randomized control group. 
In this way, our results must be interpreted with caution but 
show the potential use of telerehabilitation.

In conclusion, the use of a telerehabilitation program from the 
hospital to the home of patients affected by COVID-19 is via-
ble and safe, with a good patient response in both PREMs and 
PROMs. Furthermore, it can empower patients with more efficient 
use of resources in times of the COVID-19 pandemic. Further 
studies on telerehabilitation and telemonitoring are required.
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