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Background: COVID-19-related acute respiratory distress syndrome (CARDS) is a severe evolution of the Sars-
Cov-2 infection and necessitates intensive care. COVID-19 may subsequently be associated with long COVID,
whose symptoms can include persistent respiratory symptoms up to 1 year later. Rehabilitation is currently
recommended by most guidelines for people with this condition.

Objectives: To evaluate the effects of exercise training rehabilitation (ETR) on dyspnoea and health-related

Keywords: quality of life measures in people with continuing respiratory discomfort following CARDS.
COVID-19 ) . . . . .
ARDS Methods: In this multicentre, two-arm, parallel, open, assessor-blinded, randomised controlled trial, we

enroled adults previously admitted with CARDS to 3 French intensive care units who had been discharged at
least 3 months earlier and who presented with an mMRC dyspnoea scale score > 1. Participants received
either ETR or standard physiotherapy (SP) for 90 days. The primary outcome was dyspnoea, as measured by
the Multidimensional Dyspnoea Profile (MDP), at day O (inclusion) and after 90 days of physiotherapy. Sec-
ondary outcomes were the mMRC and 12-item Short-Form Survey scores.
Results: Between August 7, 2020, and January 26, 2022, 487 participants with CARDS were screened for inclu-
sion, of whom 60 were randomly assigned to receive either ETR (n = 27) or SP (n = 33). Mean MDP following
ETR was 42% lower than after SP (26.15 vs. 44.76); a difference of -18.61 (95% CI -27.78 to -9.44; p<10~4).
Conclusion: People who were still suffering from breathlessness three months after being discharged from
hospital with CARDS had significantly improved dyspnoea scores when treated with ETR therapy for 90 days
unlike those who only received SP. Study registered 29/09/2020 on Clinicaltrials.gov (NCT04569266).
© 2023 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction ended naturally, 10% of people developed a hyperinflammatory state

leading to severe hypoxaemia that required mechanical ventilation

The COVID-19 pandemic has challenged the worldwide health-
care system with a surge of people admitted to hospitals for acute
respiratory failure (ARF). Although most SARS-CoV-2 infections

Abbreviations: ARDS, Acute respiratory distress syndrome; ARF, Acute respiratory
failure; CARDS, COVID-19-related acute respiratory distress syndrome; COPD, Chronic
obstructive pulmonary disease; DLCO, Diffusing capacity of the lung for carbon monox-
ide; ETR, Exercise training rehabilitation; FRC, Follow-up and rehabilitation care;
HRQOL, Health-Related Quality of Life; ICU, Intensive care unit; MCID, Minimal clini-
cally important difference; mMRC, Modified Medical Research Council Dyspnoea Scale;
MDP, Multidimensional Dyspnoea Profile; MV, Mechanical ventilation; PR, Pulmonary
rehabilitation; SF-12, 12-item Short-Form Survey; SP, Standard physiotherapy

* Corresponding author at: Intensive Care Unit, Groupe Hospitalier Paris Saint
Joseph, 75014 Paris, France.

E-mail address: cromanet@ghpsj.fr (C. Romanet).

https://doi.org/10.1016/j.rehab.2023.101765

(MV) in intensive care units (ICU). This development of COVID-19-
related acute respiratory distress syndrome (CARDS) was associated
with, on average, a 90-day mortality rate in about a third of cases
[1,2].

While CARDS is broadly similar to acute respiratory distress syn-
drome (ARDS) [3], several clinical and pathophysiological observa-
tions raise questions about the relevance of standard ARDS
therapeutic guidelines [4]. “Happy hypoxaemia”, a profound decrease
in oxygen saturation, has been repeatedly observed in remarkably
non-dyspnoeic people with COVID-19 [5,6]. In addition, while ARDS
is associated with a loss of lung compliance, CARDS is often initially
associated with a combination of severe hypoxaemia and near-nor-
mal lung compliance. Such observations led to the description of 2
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contrasting phenotypes of CARDS that only share severe hypoxaemia:
Type-H (high elastance) and Type-L (low elastance) [7].

Following ‘regular’ ARDS, approximately 50% of people develop
neuromuscular weakness of their limbs and respiratory muscles [8]
that alters pulmonary functional capacity at ICU discharge [9]. At
present, physiotherapy is offered to people during their ICU stay with
early mobilisation, to try and prevent the long-term functional conse-
quences of ARDS. Despite this, functional disability, muscle weakness
and dyspnoea can persist for years following discharge, dramatically
affecting health-related quality of life (HRQOL) [9,10]. Similar clinical
patterns have been observed following long COVID [11-14]; dys-
pnoea is the most frequently reported symptom following other
respiratory diseases and is a predictive factor for hospitalisation,
mortality and is associated with poorer physical and mental HRQOL.

For this reason, international recommendations stress the impor-
tance of physiotherapy and rehabilitation for those with long COVID to
treat dyspnoea, fatigue and functional disability that persists 4—12
weeks after the initial infection, regardless of its original gravity [15
—17]. Recently several countries, including the French National Author-
ity for Health (Haute Autorité de Santé) and Order of Physiotherapists
(Ordre des Masseurs-Kinésithérapeutes) published long COVID rehabili-
tation guidelines for physiotherapists, based on exercise training reha-
bilitation (ETR) including both endurance and strength training for
pulmonary rehabilitation (PR) in chronic obstructive pulmonary disease
(COPD) [17,18]. However, while the benefits of physiotherapy for peo-
ple in ICU are well-described, little is available about ETR following an
ICU stay and methodological quality is poor [19,20]. Finally, in compari-
son to ARDS, the course of CARDS is significantly different and still not
fully understood. People with CARDS may, therefore, experience harsher
physical, respiratory and psychological complications [21,22] and spe-
cific pathophysiological mechanisms may lead to unexpected responses
to rehabilitation [21].

We therefore assessed the effects of ETR compared to standard
physiotherapy (SP) on dyspnoea, as measured by the multidimen-
sional dyspnoea profile (MDP) [23] and HRQOL in people with persis-
tent respiratory symptoms following CARDS >3 months after being
discharged from ICU.

Methods
Study design and participants

This investigator-led, multicentre, randomised—controlled, two-
arm, parallel, open-label, assessor-blinded trial took place in physio-
therapy practices in Paris, France. People with persistent respiratory
symptoms after a CARDS diagnosis were invited to participate if they
were >18 years, were registered with the French Social Security sys-
tem, and had: 1) received mechanical ventilation for >48 h following
a documented SARS-Cov-2 infection; 2) been discharged from any of
the 3 participating French Hospital ICU after >3 months; and 3) had
dyspnoea, defined by the modified Medical Research Council dys-
pnoea scale [24] (mMRC) score >1 at the time of inclusion.

People were excluded if they: 1) had little/no reported dyspnoea
(mMRC dyspnoea scale score <1); 2) were unable to participate in
rehabilitation sessions due to severe neurological disease or an osteo-
articular pathology; 3) were under guardianship; 4) lived >5 km
away from the study rehabilitation practice. See Supplementary
Material for further details on inclusion criteria.

Potential participants were screened and informed during a tele-
phone call with the research physiotherapist (CR). After being pro-
vided with written information about the protocol, express oral
consent was obtained and recorded in the medical record of each par-
ticipant. Inclusion was confirmed by telephone the following week by
the doctor in charge of outcome assessment (PL).

The trial was conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines. The protocol was
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approved by the Ethics Committee (Comité de Protection des Person-
nes Sud-Méditerranée III, final approval 29 June 2020, RCB 2020-
A01686-33) and was registered on Clinicaltrials.gov (NCT04569266)
on September 29, 2020.

Randomisation

Individuals were screened for eligibility criteria and participants
were selected consecutively. Eligible participants were randomly
allocated (1:1) to receive 90 days of either ETR or SP (2 sessions per
week, 1 week reserved for each baseline and post-intervention out-
come assessment measurement). The trial statistician generated a
permuted-block randomisation sequence using variably sized blocks
of 2 or 4 with stratification according to centre, and sequentially
assigned each participant to their intervention using opaque enve-
lopes.

Procedures

Participants in the intervention group were offered 2 x 60 min
sessions of ETR per week for 10 weeks, according to outpatient pro-
gram guidelines [25—27]. An initial 6-minute walking test was per-
formed during the first assessment by the physiotherapist to
determine target heart rate, and again during the final assessment to
evaluate progression. Endurance training and exercise tolerance
were evaluated using a cycle ergometer, with continuous monitoring
of heart rate and oxygen saturation. For the continuous endurance
training, participants started at 60—70% of their maximal peak power
and the target dyspnoea was 4—6 on the modified Borg scale [28]. Ini-
tial effort lasted for 15 min and was gradually increased until an exer-
cise duration of 45—-60 min was achieved. Power intensity was
adjusted according to each participant’s progress until the target
heart rate and dyspnoea were reached.

All participants were also offered muscle strength training during
every session: strengthening of the lower limbs was prioritised, but
additional exercises for the upper limbs and core were also included.
Each exercise consisted of 4 sets of 6—12 repetitions. Exercises
included leg presses, leg curls, and leg extensions using devices such
as steppers, rowing machines, treadmills, and weights. Individual
exercise choices were at the discretion of the physiotherapist, but
muscle fatigue had to be felt at the end of each set. The ETR protocols
are available in the Supplementary Materials (“Exercise Training
Modalities™).

Participants in the control group received usual care during the 90
days: SP at the rate of 2 x 30 min sessions per week for 10 weeks.
Physiotherapy session exercises were left to the discretion of the
physiotherapist according to their mandatory initial assessment. Ses-
sions included activities such as low-to-moderate intensity aerobic
training on the exercise bicycle, ergometer or treadmill; strength-
training for limbs and trunk muscles using bench weights with
guided loads, weights, or elastics; as well as stretching, balance exer-
cises, electrostimulation and respiratory therapy.

Physiotherapists delivering the ETR and SP sessions were all
external practitioners who were independent of the 3 recruiting
centres; they did not participate in study design, participant selection
or result analysis. In order to anticipate participant attrition, both
groups received telephone follow-up calls to provide support and
ensure they found suitable, available practitioners.

Participants in the ETR group had their exercise training planned
in accordance with specialised CARDS guidelines [25,29] and deliv-
ered by specialised PR physiotherapists.

Participants in the SP group had the same number of sessions, but
they were delivered by general physiotherapist practitioners.

As both ETR and SP are treatments recommended by current
COVID-19 guidelines [17,18,29], we designed the protocol to allow
the SP group to still benefit from ETR. Thus, after the intervention
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Fig. 1. CONSORT flow diagram illustrating recruitment and analysis in a study comparing the effect of exercise therapy rehabilitation versus standard physiotherapy on dyspnoea in
people previously hospitalised with COVID-19-related acute respiratory distress syndrome (CARDS). This was an intention-to-treat trial thus participant data were analysed with
their initially allocated treatment group, even though 7 patients ultimately received the other treatment. This 'imperfection’ reflected the real-life effect of patient free choice. Dys-

pnoea was measured by the Modified Medical Research Council dyspnoea scale (mMRC).

phase, an ETR prescription was given to those in the SP group to
allow them to receive ETR therapy too. Details and rationale of both
interventions are given in the Supplementary Materials.

Outcomes

The primary outcome was the measurement of dyspnoea in its 3
dimensions, as assessed by the difference in the MDP score between
baseline (at inclusion or day 0) and at 90 days (the end of the inter-
vention). Secondary outcomes were 1) measurement of functional
dyspnoea using the Modified Medical Research Council (mMRC) scale
and 2) measurement of HRQOL using the 12-item Short-Form Survey
(SF-12) at 90 days. The investigator who completed both baseline

and 90-day outcome assessments (PL) was blinded to randomisation
and group allocations. Participant demographic, medical history and
ICU stay data were also collected.

Sample size

At implementation of the protocol, no data were available on the
MDP minimal clinically important difference (MCID) for this popula-
tion; and little-to-no data were available on cardiorespiratory dis-
eases that would result in an 8 -point MCID [30]. We therefore chose
a more stringent MDP MCID of 12 points, obtained by anticipating a
change of >1 point per item, with a standard deviation of 30 points
to account for a pessimistic heterogeneity. Accounting for attrition
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and using these values, a Student’s t-test, a 2-sided alpha of 0.05, and
90% power, we estimated that 100 people needed to be enroled in
each group.

Statistical analysis

Presentation of results is made in accordance with the CONSORT
guidelines. According to their distribution, continuous variables are
presented as either mean (with standard deviation) or median (with
interquartile range); categorical data are presented as numbers (with
percentages). Before choosing statistical tests, we performed a Sha-
piro test to assess if data distribution was Gaussian. For 90-day MDP
(primary outcome) data, between-groups differences and secondary
outcomes were tested using an ANCOVA model adjusted for baseline
values. All estimates are presented with their 95% confidence inter-
val.

We performed all analyses with R 4.2.1 software (The R Project for
Statistical Computing, https://www.r-project.org), according to the
intention-to-treat principle considering a two-sided type I error with
an alpha of 0.05. All data were collected using Redcap software
(Research Electronic Data Capture).

Results

Between July 22, 2020 and January 26, 2022, 487 people were
potentially eligible but only 60 could be enroled, 55% (32/60) of
whom were recruited from the Groupe Hospitalier Paris Saint-Joseph.
Participants were randomly allocated to either the ETR (n = 27) or the
SP (n = 33) treatment groups. All participants received SP either in
the hospital after their discharge, from ICU, or in post-ICU follow-up
and rehabilitation care (FRC) structures as per international guide-
lines [31] before inclusion in the study. All participants received
either ETR or SP physiotherapy care. Nobody withdrew consent or
dropped out of their training program. Four participants placed in
the ETR group had SP instead as no nearby practices offering ETR had
free appointments for several months. Similarly, 3 participants origi-
nally assigned to the SP program ultimately received ETR instead as
their physiotherapist decided to refer them to a PR practice with a
new, more specific, medical prescription. All participants completed
the last follow-up assessment. The last follow-up visit took place on
March 25, 2022, and the study was closed on March 28, 2022, due to
the phasing out of ICU admissions for CARDS. The mean time
between ICU discharge and inclusion was 173 days (95% CI 147.36 to
198.64) and 174 days (95% CI 144.42 to 204.92) for the ETR and SP
groups, respectively. Details of participant characteristics and follow-
up data are shown in Fig. 1.

Demographic and baseline characteristics were comparable
between groups (see Table 1). The mean age of all 60 participants
was 58 years (SD 12), 37 were men (62%), 23 were women (38%) and
the main comorbidity was diabetes (n = 22, 37%). The mean MDP after
ETR was 42% lower than after SP at 26.15 vs. 44.76, a mean difference
of —18.61 (95% CI —27.78 to —9.44; p<10~%) (Fig. 2). A statistically
significant decrease was also observed in all 3 subcategories of the
MDP: mean breathing discomfort, sensory dimension and emotional
response were 34%, 48% and 36% lower, respectively, at day 90 fol-
lowing ETR compared to after SP. Respective differences were: —1.74
(95% Cl —2.81 to —0.67; p<10~3) for breathing discomfort; —9.92
(95% CI —14.67 to —5.18; p<10~*) for sensory dimension scores; and
—6.95 (95% CI —12.66 to —1.24; p = 0.014) for emotional response
scores (see Fig. 3). Full details of primary and key secondary out-
comes are shown in Table 2. The mean mMRC at day 90 was 36%
lower in the ETR group than in the SP group. The mean difference
was —0.76 (95% CI —1.21 to —0.30; p<1073).

Mean SF-12 total scores after the rehabilitation intervention were
similar for ETR and SP groups. Separate analysis of the SF-12 physical
component results, however, revealed a 21% increase of the score
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Table 1

Baseline characteristics of participants with COVID-19 related acute respiratory dis-
tress syndrome (CARDS) who received either exercise training rehabilitation (ETR)
or standard physiotherapy (SP) after discharge from intensive care.

ETR (n =27) SP(n=33)
Demographics
Age, years 57(14.28) 59(9.94)
Women 11 (40%) 12 (36%)
Men 16 (60%) 21(67%)
Body mass index, kg/m? 31.44(7.49) 28.94 (5.25)
Risk factors
Smoker 2(7%) 5(15%)
Former smoker 3(11%) 7(22%)
Alcoholism 0(0%) 4(13%)
Chronic obstructive pulmonary 1(4%) 4 (12%)
disease
Cardiac insufficiency 1(4%) 1(3%)
Ischaemic cardiopathy 0(0%) 3(9%)
Occlusive arteriopathy of the 0(0%) 1(3%)
lower limbs
Atrial fibrillation arrhythmia 1(4%) 2(6%)
Cirrhosis 0(0%) 1(3%)
Diabetes 8(30%) 14 (42%)
Cancer 1(4%) 2(6%)
Human immunodeficiency virus 0 (0%) 1(3%)
Clinical history
Referred to ICU from. ..
Home 3(11%) 4(12%)
Surgical Ward 7 (26%) 8(24%)
Hospital Ward 12 (44%) 11 (34%)
Other Hospital 5(19%) 10 (30%)
Length of stay intensive care unit, 12.00 (8.50—23.00) 17.00 (12.00—35.00)
days
Length of stay hospitalisation, 26.00 (16.50—-37.50) 26.00 (19.00—-38.25)
days
Discharge destination after ICU
Home 12 (44%) 11(33%)
Rehabilitation facility 15 (56%) 22 (67%)
Clinical parameters at ICU
admission
SAPS Il 37.77 (12.19) 43.13(15.39)
Mechanical ventilation duration,  18.00 (7.00-25.50) 18.00 (9.25-30.25)
days
Pa0,/FiO, 121.00 (91.00 97.00 (80.00-165.00)

—153.00)

Data are shown as mean (SD), n (%) or median (IQR Q1-Q3). ICU, intensive care unit;
SAPS 11, Simplified Acute Physiology Score N°2. SAPS II scores range from 0 to 163
and provide an estimate of the risk of death without having to specify a primary
diagnosis. A higher score indicating a higher risk of death. PaO2/FiO2 ratio is the
ratio of arterial oxygen partial pressure to fractional inspired oxygen. A lower score
indicates a more profound hypoxaemia.

following ETR; the difference was 6.95 (95% CI 2.62 to 11.29;
p = 0.016). No statistically significant differences were observed
between groups for the mental component of the SF-12 score.

Discussion

In this multicentre, randomised trial, a 3-month ETR course
decreased dyspnoea for people with long COVID following CARDS
more than standard physiotherapy. An improvement of the physical
component of the SF-12 HRQOL scale was also observed, without sig-
nificant changes in either the mental component or the overall
HRQOL.

Dyspnoea is a broad symptom that often persists beyond the
acute phase of COVID-19 and may worsen in the first year, particu-
larly for women, the elderly and people with multiple comorbidities
[32—34]. During pre-trial screening, 287 of the 487 (59%) people with
long COVID were affected by breathlessness during daily activities,
confirming dyspnoea as a major reported symptom [11,22,35-38].
Other studies have also reported that shortness of breath, breathless-
ness and associated sensations of breathing impairment are
described by 40—-50% of people with long COVID and are more
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Fig. 2. Box and whisker plots comparing multidimensional dyspnoea profile (MDP) data for groups receiving exercise training rehabilitation and standard physiotherapy at baseline
and 90 days. The middle horizontal line represents the median. Whisker values are the lower quartile minus 1.5 times the interquartile range, or the upper quartile plus 1.5 times
the interquartile range. Means are represented by a red asterisk. X-axis categories: DO, Day 0 or baseline data; D90, data at 90 days, end of the study; MDP scores (shown on y-axis)

ranged from 0 to 110 (a higher score indicated greater breathlessness).

marked following CARDS [39]. Such symptoms are usually noted dur-
ing classical ARDS evolution.

Interestingly, however, people who had severe hypoxaemia
without dyspnoea (‘happy hypoxemia’) during their initial COVID
infection, subsequently reported considerable respiratory discom-
fort during long COVID without severe documented gas exchange
abnormalities [5]. Those in this chronic phase of long COVID felt
breathless, despite having normalised haematosis at rest. This

peculiar reversal of expected symptoms could be explained by
alveolocapillary membrane compromise, illustrated by altered dif-
fusing capacity of the lung for carbon monoxide (DLCO), pulmo-
nary function test results and computed-tomography scan
abnormalities reported in a growing number of studies
[12,38,39]. Moreover, dyspnoea, decreased DLCO and pulmonary
fibrosis seem to be closely associated [39]. These functional data
are consistent with early histological studies that emphasised the
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Fig. 3. Comparison of multidimensional dyspnoea profile (MDP) changes for people previously hospitalised with COVID-19-related acute respiratory distress syndrome who
received exercise training rehabilitation (ETR) or standard physiotherapy (SP) for 90 days. MDP subcategories (y-axis) were breathing discomfort (Fig. 3A), sensory dimension
(Fig. 3B) and emotional response (Fig. 3C). The middle horizontal line represents the median; outliers are displayed as separate black points. Whisker values are the lower quartile
minus 1-5 times the interquartile range or the upper quartile plus 1.5 times the interquartile range. Means are represented by a red asterisk. X-axis categories: DO, Day 0 or baseline
data; D90, data at 90 days, end of the study; MDP scores ranged from 0 to 10 (breathing discomfort), 0—50 (sensory dimension), and 0—50 (emotional response). For all MDP scores,

higher values indicated greater breathlessness.
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Table 2
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Primary Outcomes and key secondary outcomes of participants with COVID-19 related acute respiratory distress syndrome
(CARDS) who had received 90 days of either exercise training rehabilitation (ETR) or standard physiotherapy (SP) following dis-

charge from intensive care.

Baseline (day 0) Day 90
ETR (n=27) SP(n=33) ETR (n=27) SP(n=33) Difference p-value

MDP subcategory

Total score 47.56(16.10)  48.64(24.35) 26.15(1548) 44.76(19.25) —18.61 <0.0001
(—27.78 to —9.44)

Breathing discomfort 5.33(1.94) 5.21(1.85) 3.44(2.10) 5.18 (2.02) -1.74 0.0006
(-2.81t0 —0.67)

Sensory dimension 18.96 (7.66) 20.45(12.64)  10.59(8.90) 20.52(9.33) -9.92 <0.0001
(—14.67 to —5.18)

Emotional response 22.89(11.67) 22.97(13.17) 12.11(9.88) 19.06 (11.82) —6.95 0.0140
(—12.66 to —1.24)

mMRC 2.37(0.63) 2.30(0.59) 1.33(0.62) 2.09(1.10) -0.76 0.001
(-1.21 to —0.30)

SF-12

Total score 74.52(13.10) 7047 (11.21)  83.36(14.97) 75.13(15.79) 8.24 0.14
(0.22 t0 16.25)

Physical component 35.10(6.55) 31.45(5.98) 39.76 (8.57) 32.80(8.15) 6.95 0.016
(2.62 t0 11.29)

Mental component 40.57 (8.46) 39.03(10.80)  45.08(11.05)  43.02(10.88)  2.06 0.72

(~3.63 to 7.75)

Data are mean (SD). Differences are expressed as means (95% CI); MDP, Multidimensional Dyspnoea Profile. Scores range from 0 to
110 with a higher score indicating greater breathlessness: 0—10 for breathing discomfort, 0—50 for the sensory dimension, and 0
—50 for the emotional response; mMRC, modified Medical Research Council dyspnoea scale. Scores range from 0 to 4 with a higher
score indicating a greater severity of dyspnoea; SF-12, 12-Item Short Form Survey. Both physical and mental components of this
scale have a mean score of 50 (SD 10). Lower scores on each component indicate greater disability: <30 for a severe disability, >30
- <40 for a moderate disability, >40 - <50 for a mild disability and >50 no disability.

important role of local inflammation and diffuse alveolar damage
with observed histological evolution of ARDS.

Whereas physiotherapy has long been used as a key rehabilitation
method, few data exist concerning its implementation. Without clear,
evidence-based guidelines, considerable variability has developed
between physiotherapists when treating patients [35,40]. In contrast,
management of people with chronic respiratory insufficiency and
dyspnoea with ETR is based on a standardised procedure, allowing
accurate evaluation of the treatment’s efficacy on breathlessness and
HRQOL [25]. Our observation of reduced dyspnoea following ETR is in
accordance with previous randomised controlled trials into chronic
obstructive pulmonary disease [41,42] and studies of low -to -moder-
ate severity COVID-19 [43,44], including a recent observational
cohort study [35] and a pilot study [45]. The improvement of physical
abilities observed in those studies agrees with the 45% decrease of
MDP scores after a 90-day ETR course that we observed.

This result raises questions about the interdependency between
dyspnoea and disability. Whether disability was reduced following
improved dyspnoea, or whether the decrease in perceived dyspnoea
was merely a consequence of a growth in functional ability has long
been debated and remains a matter for future research [46]. While all
3 components of dyspnoea were significantly reduced by ETR, it
should be noted that the emotional response was the least decreased.
Together with an improvement in physical function, but not the men-
tal dimension of HRQOL, these findings suggest that ETR reduced dys-
pnoea and breathlessness through physical and functional
improvement, rather than through an emotional component. It has
previously been suggested by several authors that persistent dys-
pnoea in long COVID is explained not only by pathophysiological
lung abnormalities or physical impairment, but also by intricate
mechanisms of hyperventilation believed to be of neurological and
emotional origin [47,48].

Assessing dyspnoea is not an easy task. Most studies of PR assess
dyspnoea through 1-dimensional assessments such as the Borg or
mMRC scales, or disease-specific HRQOL tools like the St. George’s
Respiratory Questionnaire. Dyspnoeic mechanisms are naturally

intricate and multifactorial; they should be assessed using both emo-
tional and sensorial components [23]. Moreover, recent studies into
long COVID are shedding light on the direct effect of dyspnoea on
anxiety, depression and HRQOL [11,22,35-37,43]. We demonstrated
areduction in breathing discomfort and in the sensory dimension of,
and emotional response to, dyspnoea. Conversely, the benefit from
rehabilitation on HRQOL beyond initial hospitalisation remains
poorly studied [20,35,43].

In our work, the mitigation of dyspnoea is associated with an
improvement of the physical dimension of HRQOL, as measured by
the overall SF-12 score, which did not differ between groups. A possi-
ble explanation could be a lack of power. Using a more sensitive eval-
uation tool, such as the Short Form-36, might have detected a
difference as has been previously demonstrated for COPD or COVID-
19 [35,40,41]. The SF-36 was our first choice for assessing HRQOL,
but for practical reasons during the pandemic we ultimately opted
for the more time-efficient SF-12. The relative role of dyspnoea
within multiple chronic symptoms is difficult to establish. A wide
range of organ dysfunctionality is unaffected by physiotherapy and
conditions such as ageusia, headaches, hair loss, and intestinal disor-
ders may play a major part in overall HRQOL, especially in a younger
population with few comorbidities [11]. Another explanation, sug-
gested by Grosbois et al., would be that fatigue, anxiety and depres-
sion (the mental component of SF-12) seem to have a greater impact
on dyspnoea than the physical component [40]. Therefore, an
improvement in dyspnoea could have a greater effect on the physical,
rather than on the mental part of the HRQOL.

To the best of our knowledge, this is the first randomised con-
trolled work studying the effects of physiotherapist-led, high-inten-
sity exercise training therapy after CARDS, which is a major strength
of our study. Furthermore, we chose to collect outcomes using an
independent assessor, blinded to the intervention, to minimise bias
due to the open nature of this type of trial. The formalisation of inter-
vention, using existing guidelines, and the recruitment of PR physio-
therapists allowed us to expect reproducible training, reinforcing the
reproducibility of the method in any location [17,25]. Finally, as



C. Romanet, ]. Wormser, A. Fels et al.

participants were recruited, assessed and followed-up via phone calls
by the practitioners who participated in their initial care in ICU, par-
ticipant retention and treatment observance were 100%, which is
high for such a study. Most participants reported feeling supported
by the ICU staff after discharge from hospital at a time when access to
care was made difficult by recommendations, mobility restrictions
and curfews. They thus showed excellent compliance with all reha-
bilitation procedures, and everyone completed therapy.

Our study has several limitations. First, the impossibility of
recruiting 200 participants as planned forced us to prematurely stop
the study. However, our sample size estimation was based on a pessi-
mistic expected MDP inter-treatment group score difference of 12
with a large SD of 30, in order to account for cohort heterogeneity.
The actual observed difference was larger with a much smaller SD.
Using our results to retrospectively calculate the required sample
size gave us a participant cohort size of only 40. Second, vaccination
and better overall control of the contagion, while fortunately reduc-
ing the pandemic, decreased the possibilities for us to find partici-
pants for the study. Third, we faced a major challenge with reference
to PR practices. PR practices, usually reserved for people with COPD,
are scarce and no official directory is available. Despite the slowing
pandemic, specialist PR practices were overwhelmed by a surge in
people with COPD and long COVID. The scarcity of such resources,
already contributing to difficulties for first-line care provision, also
played a role in the lack of post-hospitalisation care availability [49].
Unfortunately, 53 participants could not be included in this study
because they lived too far from a rehabilitation practice.

Fourth, due to our study design, no functional data (such as the
distance walked during the 6-minute walking test or peak oxygen
consumption) were available from the physiotherapists. This signifi-
cant limitation prevented us from drawing conclusions about the
effects of ETR or SP on functional endpoints used in clinical practice.

Lastly, as mentioned earlier, even when delivered by the same
physiotherapist ETR and SP can differ substantially because, unlike
SP, ETR follows a protocol. Participants in the SP group received aero-
bic and muscle training (as prescribed) but at a lower intensity (low-
to-moderate), for a shorter duration (30-minute sessions) and with-
out standardisation than those in the ETR group. SP is tailored to the
patient by the therapist and varies considerably between therapists
and sessions. In contrast, consistency of therapy duration and inten-
sity is what defines ETR for PR [25]. While participants in the SP
group may well have been subjectively improved by the physiother-
apy treatment, SP heterogeneity could explain its lack of a statisti-
cally significant effect on dyspnoea. Hence, the results of ETR are
more consistent and homogeneous when compared with SP, even
though SP currently represents standard care yet failed to improve
dyspnoea or HRQOL in this trial.

Conclusion

A 90-day exercise training rehabilitation course, improved dys-
pnoea in its 3 dimensions amongst participants who had remained
dyspnoeic after developing CARDS, compared to standard physio-
therapy. An increased physical component of HRQOL was also found
in the ETR group. High-intensity exercise training (ie, longer sessions
with a higher target exercise intensity) may therefore be the most
appropriate rehabilitation treatment for people presenting with dys-
pnoea after COVID-19. Future studies should investigate the long
-term effects of ETR on people still suffering from breathlessness and
the intricate mechanisms linking dyspnoea with HRQOL.
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