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Thousands of French individuals who have been discharged after
contracting coronavirus 2019 disease (COVID-19) have to live with
the acute consequences of artificial ventilation and prolonged inac-
tivity, amongst which some of them will experience long-term
impairments including chronic fatigue, breathlessness, cognitive
symptoms and muscle weakness [1].

Multidisciplinary interventions, such as pulmonary rehabilitation
(PR) [2], have been strongly recommended by international clinical
experts to manage the long-term post-COVID syndrome [3]. Previous
studies have demonstrated the effectiveness of at least 3-week inpa-
tient PR interventions for improving the pulmonary function, health-
related quality of life and physical, cognitive and psychosocial status
of mild to critically ill post-COVID patients [4−6]. Given that tradi-
tional PR seems feasible, safe and effective for this population, other
options such as home-based PR or telerehabilitation helping to
relieve the already overloaded French health care system, need to be
documented. Therefore, with this real-life study we evaluated the
effectiveness of a home-based PR programme conducted in individu-
als recovering from the acute phase of a severe COVID-19 infection.

Data of all consecutive patients who had been addressed to the
home-based PR programme between April 2020 and October 2021
after contracting a critical or severe COVID-19 infection, were
prospectively collected in a computerized medical record and retro-
spectively analysed. Participants were referred to the intervention by
an intensive care unit (ICU, Arras Hospital, France) or by nine pneu-
mology units (Hospitals in North of France). All the individuals com-
ing from the ICU were invasively ventilated (with or without a
tracheotomy). Detailed regarding the severity of their acute infection
can be found elsewhere [7]. These individuals received early inpa-
tient post-intensive care rehabilitation (early mobilization/bedside
physiotherapy and education for 26 (6 to 84) days on average) before
being discharge at home. This early individualized rehabilitation pro-
gramme was performed by the trained ICU team which is equipped
with a specific physical training room including the required facility
for monitoring and training vulnerable critically ill patients [7].
Individuals coming from the pneumology units did not received max-
imal oxygen flow neither early inpatient PR programme before being
discharge.

The home-based PR was offered by a private company (FormAc-
tion Sant�e) that has been offering this model of intervention for peo-
ple with chronic respiratory disease for over a decade [8,9]. Details
regarding the ethical approval (CEPRO 2021−054), informed consent
of participants, and PR programme can be found elsewhere. Briefly,
the personalized PR programme consisted of a weekly supervised
90 min home session, during 4 to 8 weeks according to the patient’s
needs. Physical training, educational, motivational and self-manage-
ment plans were designed and implemented through a collaborative
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process. Apart from the weekly supervised visit, participants were
expected to perform a personalised physical training and self-man-
agement plan the rest of the week.

Dyspnoea (modified medical research council, mMRC), fatigue
(fatigue assessment scale, FAS), anxiety and depression (hospital anx-
iety and depression scale, HAD), health-related quality of life (visual-
analogue scale of the EQ-5D-3 L questionnaire, VAS) and physical
condition (6-minute stepper test, 6MST; 5-time sit-to-stand, 5STS;
handgrip force) were assessed at the beginning (M0) and at the end
of PR (M2).

Mean§SD and proportions were used for descriptive statistics, as
appropriate. Changes over time were analysed with paired t-tests
and two-way repeated measure ANOVA (between group compari-
son). Missing data were imputed using an EM approach. The level of
significance was set at p<0.05.

46 participants were enroled into the home-based programme
(17 patients post-ICU, hospitalised for 34 (8 to 150) days and 29 post-
pneumology units hospitalised for 18 (2 to 90) days). The majority of
them (female, 50%) were 60§13 years old, suffering from obesity
(IMC, 31§8 kg/m2) and current smokers (54%). Hypertension (37%),
diabetes (24%) and COPD (24%) were common comorbidities. At
admission, 20%, 24% and 11% of the patients required long-term oxy-
gen therapy, oxygen during exercise and non-invasive ventilation,
respectively. With an exception for the anxiety symptoms score
(post-ICU, 7.4 § 2.9 points and post-pneumology units, 9.9 § 4.9
points, p = 0.034) and the Charlson comorbidity index (post-ICU,
3.9 § 2.2 points and post-pneumology units, 2.7 § 2.1 points,
p = 0.042), there was no difference in baseline characteristics or
assessments between participants coming from the ICU and those
coming from the pneumology units.

Seven (15.2%) patients did not conclude PR (two deaths (multi-
ple pathologies and immunocompromised), three exacerbations,
one ankle pain, one new COVID-19 infection). Amongst the indi-
viduals who finished the programme, all the participants coming
from the ICU (16 patients) received 6 to 8 supervised home ses-
sions, while 18 (78%) participants and 5 (22%) participants coming
from the pneumology units received 6 to 8 and 4 to 5 supervised
home sessions, respectively. All the outcomes were improved by
PR in both groups (p<0.001) (Table 1). With an exception for the
health-related quality of life (p = 0.040), comparisons showed sim-
ilar time courses for all outcomes between the post ICU and post-
pneumology units individuals.

Supporting previous studies offering inpatient PR [4,5], we report
the effectiveness of 4 to 8 weeks of home-based PR for improving
dyspnoea, fatigue, anxiety and depressive symptoms, exercise toler-
ance, functional capacity and muscle weakness in COVID-19
Table 1
Effects of the home-based pulmonary rehabilitation programme according to t

Outcomes Total group

M2
score

DM2-M0
Estimates (95% CI)

M2
sco

mMRC, score (0−4) 1.3 § 1.0 �1.2 (�1.4 to �1.0) 1.0
FAS, score (10−50) 21.6 § 7.8 �5.9 (�7.6 to �4.3) 18
HAD-Anxiety score (0−21) 6.8 § 3.9 �2.3 (�3.3 to �1.4) 5.8
HAD-Depression, score (0−21) 3.3 § 4.0 �2.7 (�3.7 to �1.7) 2.6
VAS, score (0−100) 58.1 § 16.8 18.4 (9.5 to 22.8) 53
6MST, strokes 542 § 171 136 (100 to 171) 58
5STS, seconds 8.9 § 1.8 �2.4 (�3.0 to �1.8) 8.8
Handgrip, kg 29.0 § 8.4 3.7 (2.3 to 5.0) 31

M2, end of PR programme; D, delta M2-M0; mMRC, modified medical resear
anxiety and depression scale; VAS, visual-analogue scale of the EQ-5D-3 L ques
M2, results are presented as mean § SD. DM2-M1, missing data were imputed
dence interval). All the outcomes were improved at M2 compared to M1 in b
score), two-way repeated measure ANOVA showed similar time courses for all
* p = 0.04.

2

survivors. The strengths of this study were (i) to offer home-based
sessions by a trained healthcare PR team when inpatient interven-
tions were overburdened or closed, and (ii) to included both people
recovering from a critical or severe COVID-19 infection coming from
the ICU or pneumology units. Home-based intervention combined
with telerehabilitation sessions could be a suitable option for taking
care of as many as possible of COVID-19 survivors [10]. However,
caution is warranting when interpreting these results because of the
retrospective nature of the study and its small sample size. Moreover,
the number of deaths and exacerbations during PR was higher than
what we usually report in patients with chronic respiratory disease
(present study: 11% vs previous studies: 4% and 2,5%, respectively
[9,11]). This will have to be considered in future studies in patients
recovering from critical or severe COVID-19 infection.

In a recent multicenter study 74%, 26% and 16% of the individu-
als were still reporting physical, mental and cognitive symptoms,
respectively, one year following ICU treatment for COVID-19 [1],
showing the importance of offering PR interventions to COVID-19
survivors. Except for the anxiety symptom, the baseline character-
istics and assessments were similar between our two groups. The
early inpatient rehabilitation performed an average for 26 days in
the group of patients coming from the ICU could explain this
result. Although the short- and long-term effects of early rehabili-
tation during ICU stay are still discussed [12], we showed that
COVID-19 survivors benefited from combining early rehabilitation
during the ICU stay and 6 to 8 home-based sessions after being
discharge. Another explanation could be that since the ICU were
overburdened, pneumology units could have received patients
with the same acute infection severity. Unfortunately, we do not
have detailed information regarding this point. Patients coming
from the pneumology units did not receive an early inpatient
rehabilitation programme which is a limitation of the present
study. However, at the time of the inclusion of the participants,
hospital-based PR units were closed and/or had not yet developed
specific interventions for patients with COVID-19 infection.

One could argue that performing only 4 to 8 supervised sessions
are not sufficient to obtain benefits [2]. Nevertheless, we reported
statistically significant improvements after PR that seemed also to be
clinically relevant according to the minimal clinically important dif-
ference reported in patients with chronic respiratory disease (for
example, 40 strokes for the 6MST [13], 1.5 points for the anxiety and
depressive symptoms [14], 1.7 s for the 5STS [15]). Therefore, the
optimized number of PR sessions for individuals recovering from
COVID-19 (but also for patients with chronic respiratory disease)
needs to be discussed as it might be smaller than the current interna-
tional recommendations of 20−25 sessions.
he hospitalisation units.

Post ICU Post- pneumology units

re
DM2-M0
Estimates (95% CI)

M2
score

DM2-M0
Estimates (95% CI)

§ 1.1 �1.3 (�1.6 to �1.0) 1.7 § 1.0 �1.0 (�1.2 to �0.8)
.5 § 5.9 �6.4 (�7.9 to �4.8) 23.9 § 8.9 �5.0 (�6.7 to �3.3)
§ 3.7 �1.6 (�2.8 to �0.5) 7.1 § 3.9 �2.8 (�3.6 to �2.0)
§ 3.8 �2.9 (�4.1 to �1.8) 4.0 § 3.5 �2.4 (�3.2 to �1.5)
.7 § 16.3 21.8 (12.5 to 31.1)* 60.2 § 18.3 12.2 (5.8 to 18.7)
2 § 220 165 (131 to 199) 532 § 105 132 (93 to 170)
§ 1.7 �2.6 (�3.2 to �1.9) 9.2 § 1.9 �2.3 (�2.9 to �1.7)
.2 § 9.1 3.8 (3.0 to 4.7) 28.4 § 8.3 4.6 (2.9 to 6.2)

ch council dyspnoea scale; FAS, fatigue assessment scale; HAD, hospital
tionnaire; 6MST, 6-minute stepper test; 5STS, five times sit-to-stand test.
using an EM approach and results are presented as estimates (95% confi-
oth groups. With an exception for the health-related quality of life (VAS,
outcomes between the post ICU and post-pneumology units individuals.
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Because of the design of this study, a control group of survivors of
COVID-19 not receiving home-based PR could not be recruited. We
report here similar or even higher improvements to those observed
in our previous study using the same intervention in frail patients
with chronic obstructive pulmonary disease [16]. This finding is sup-
ported by a previous controlled study [17]. The individuals own abili-
ties to recover from a COVID-19 infection without intervention, may
also be involved in the present positive results.
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