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e Université de Bordeaux, Epicene, INSERM U1219, 33076, Bordeaux, France 
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A B S T R A C T   

Background: Growing consideration is emerging regarding the burden of persisting sequelae after SARS-CoV-2 
infection. Out-patients exhibiting long Covid may benefit from ambulatory rehabilitation which is, to date, 
poorly documented. 
Methods: A longitudinal follow-up over a one-year period was conducted in two ambulatory rehabilitation 
structures in order to describe the characteristics of real-life patients referred with Covid-19 sequelae and their 
evolution over the course of rehabilitation. 
Results: 39 consecutive patients were included from April 1st, 2020 to April 1st, 2021. Patients were middle-aged 
(48 ± 15yr), without comorbidities, and mostly mild to moderate SARS-CoV-2 infection (25(64%) not requiring 
hospitalisation). Rehabilitation referral was considered with a median delay of 73[34–178] days after disease 
onset. Most prevalent symptoms were dyspnoea (n = 35(90%)) and fatigue (n = 30(77%)). Hyperventilation 
syndrome was highly frequent (n = 12(34%)). 29(74%) patients presented with prolonged functional sequelae, 
which was associated with younger age (43 ± 14 vs. 50 ± 10yr; p = 0.002), greater prevalence of hyperventi-
lation syndrome (n = 12(41%) vs. 0(0%); p = 0.255) and poorer quality of life (VQ-11; 31 ± 10 vs. 23 ± 9; p =
0.030). Over the course of rehabilitation, exertional dyspnoea, 6-min walking distance, 3-min sit-to-stand test, 
hyperventilation syndrome prevalence and quality of life significantly improved. 
Conclusion: Hyperventilation is frequent in long Covid and may explain persistent dyspnoea as well as altered 
quality of life. Our data support screening of hyperventilation syndrome and functional impairment in mild 
Covid-19 out-patients as both of these components may improve with ambulatory rehabilitation.   

1. Introduction 

Since the outbreak of the current Covid-19 pandemic, first de-
scriptions of cohorts of patients infected with SARS-CoV-2 suggested 
that this disease would yield a wide spectrum of clinical manifestations, 
ranging from asymptomatic to severe and critical presentation requiring 
hospital admission [1,2]. Early clinical guidelines as well as public 
health policies naturally focused on this severe population in order to 
reduce pressure on hospital facilities and especially intensive care units 
[3–5]. Besides, long-lasting symptoms in patients discharged from 

hospital after severe SARS-CoV-2 infection have been reported [6–8]. 
However, it is noteworthy that more than 80% of patients infected with 
SARS-CoV-2 did not exhibit severe or critical manifestations and were 
managed as outpatients [2,9]. Furthermore, there are few data about 
persistent symptoms after mild-to-moderate SARS-CoV-2 infection. In 
this latter population, increasing evidences from long-term follow-up 
report substantial prevalence of persisting symptoms after the acute 
episode, including chronic cough, shortness of breath, chest tightness, 
cognitive dysfunction, and extreme fatigue [8,10–12]. This so-called 
“long Covid” which can be defined as the presence of symptoms for 
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more than 3 months after the initial onset of the disease raises new 
public health concerns as it is reported to potentially affect from 10% to 
51% of patients [10,11,13]. 

In this context and despite little evidence, several patients infected at 
the beginning of the pandemic were referred to ambulatory respiratory 
rehabilitation with the aim of improving functional impairment and/or 
persisting dyspnoea [4,10,14–17]. From one-year experience, we thus 
designed the current study in order 1) to describe the clinical and 
functional characteristics of real-life patients referred to ambulatory 
respiratory rehabilitation following SARS-CoV-2 infection, 2) to 
describe the evolution of these patients over the course of rehabilitation. 

2. Material and methods 

2.1. Study design and participants 

This longitudinal observational study was conducted in two ambu-
latory physiotherapy structures specialised in outpatient respiratory 
rehabilitation in Bordeaux area, France. The study protocol was regis-
tered under number F20210419101248 on Health Data Hub (www.hea 
th-data-hub.fr) and conformity declaration was provided to the Com-
mission Nationale Informatique et Libertés (CNIL; www.cnil.fr) under 
registration number 2221978v0. Written informed consent was ob-
tained from all participants. Study protocol was conducted according to 
STROBE guidelines. 

All patients referred in a participating centre with a medical pre-
scription of ambulatory respiratory rehabilitation following suspected 
or confirmed SARS-CoV-2 infection were consecutively enrolled in this 
study. The referral decision was made in case of unusual dyspnoea and/ 
or functional impairment deemed likely to benefit from rehabilitation at 
the discretion of the attending pulmonologist. Patients were included 
from April 1st, 2020 to April 1st, 2021. The presence of prolonged 

functional sequelae (PFS) was defined as persistence of rehabilitation 
requirement more than three months after disease onset. Follow-up 
therefore continued until participants with the latest disease onset 
date achieved this 3-months threshold, i.e. May 17th, 2021 (Fig. 1). 

2.2. Data collection 

Consistently with usual care, a first evaluation was conducted at the 
time of rehabilitation referral, and a second after two months of reha-
bilitation. The second evaluation was anticipated when patients recov-
ered within this period. Recovery was defined as normalisation of 
functional deficiencies (6- minutes walking distance >95% of the pre-
dicted normal value, mMRC = 0, resolution of hyperventilation 
syndrome). 

Standardised evaluation included collection of anthropometric data, 
work situation, comorbidities and clinical symptoms. Disease onset date 
was defined as the self-reported date of first symptoms. Time before 
rehabilitation was defined as the duration between disease onset and 
beginning of rehabilitation. For patients who were still undergoing 
rehabilitation at the end of the follow-up period, rehabilitation duration 
was censored and defined as the difference between the beginning of 
rehabilitation and May 17th, 2021 (n = 18). 

Functional assessment included forced spirometry parameters (i.e., 
forced expiratory volume in 1 s(FEV1), forced vital capacity (FVC) and 
FEV1/FVC ratio) [18], 3 min sit-to-stand test (3-STS) and 6 min walking 
test (6-MWT) [19] with baseline recording of pulsed oxygen saturation 
(SpO2) at rest and at the end of the 6-MWT. Dyspnoea was assessed using 
modified Medical Research Council scale (mMRC) (0–4) and modified 
Borg dyspnoea scale (0-10) at rest and at the end of the 6-MWT. Quality 
of life was evaluated by the VQ-11 questionnaire [20,21]. We were soon 
confronted with the fact that a substantial number of patients presented 
with a hyperventilation pattern associated for some of them with anxiety 

Fig. 1. Chronology of inclusions for each individual from April 1st, 2020 to April 1st, 2021.  
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symptoms and therefore included later a systematic screening for hy-
perventilation syndrome (complete cases: n = 35) and assessment of the 
Hospital Anxiety and Depression scale (HAD) [22] (complete cases: n =
29). Hyperventilation syndrome was defined as the combination of a 
Nijmegen score >22 and a positive hyperventilation provocation test 
[23,24]. Provocation test was conducted with end-tidal CO2 monitoring 
(PEt-CO2) (LifeSense® II, Nonin Medical Inc, Plymouth, MN, USA) and 
was considered positive when, after a 3-min voluntary hyperventilation, 
recovery of baseline PEt-CO2 (±10%) was >5 min [24]. 

Rehabilitation program was conducted as sessions of 1.5 h three 
times a week, and included aerobic exercise and strength training 
combined with specific controlled ventilation techniques when 
necessary. 

2.3. Statistical analysis 

Continuous data are presented according to their distribution as 
mean and standard deviations (mean ± SD) or median and interquartile 
range (median[IQR]). Categorical data are presented as n(%). For var-
iables including missing data, in the population characteristics before 
rehabilitation (Table 1) analysis was performed on available-cases 
without imputing data, in the evolution over the course of rehabilita-
tion analysis was performed on complete-cases. 

For statistical analysis, between-group differences for continuous 
variables were assessed using independent group t-tests or Mann- 
Whitney test depending on data distribution. Categorical variables 
were compared using Fisher’s exact test. Between-assessment 

Table 1 
Patient’s characteristics at first assessment.    

Total Prolonged functional 
sequelae 

No prolonged functional 
sequelae 

p- 
value 

Population characteristics; n 39 29 10   
Age (yr) 48 ± 15 43 ± 14 60 ± 10 0.002 
Male; no.(%) 17(44%) 11(38%) 6(60%) 0.281 
Body mass index (kg.m− 2) 25 ± 4 25 ± 5 25 ± 2 0.946 
Work situation     

Off work; no.(%) 25(64%) 20(69%) 5(50%) 0.446 
No occupation, retirement; no.(%) 8(21%) 4(14%) 4(40%) 0.167 
Working: no.(%) 6(15%) 5(17%) 1(10%) 1 

Initial hospitalisation >48h; no.(%) 14(36%) 8(28%) 6(60%) 0.123 
Time before rehabilitation (d); (median[IQR]) 73 

[34–178] 
107[56–240] 32 [26–41] <.001 

Rehabilitation duration (d); (median[IQR]) 66 
[26–110] 

94[63–142] 24 [13–35] <.001 

PCR + diagnostic; no.(%) 34(87%) 25(86%) 9(90%) 1 
Symptoms; n 39 29 10   

Dyspnoea (modified MRC scale) 2 ± 1 2 ± 1 1 ± 1 0.051 
Dyspnoea (modified MRC ≥ 1); no.(%) 35(90%) 26(90%) 9(90%) 1 
Fatigue; no.(%) 30(77%) 24(83%) 6(60%) 0.197 
Chest pain; no.(%) 21(54%) 18(62%) 3(30%) 0.140 
Headache; no.(%) 15(38%) 14(48%) 1(10%) 0.040 
Muscular or articular pain; no.(%) 15(38%) 12(41%) 3(30%) 0.711 
Cough; no.(%) 13(33%) 12(41%) 1(10%) 0.120 

Lung function; n 34 28 6   
FVC (% pred.) 96 ± 20 96 ± 19 97 ± 25 0.952 
FEV1 (% pred.) 95 ± 19 95 ± 18 97 ± 24 0.796 
FEV1/FVC (%) 83 ± 8 83 ± 9 80 ± 3 0.466 

Functional assessment; n 33 28 5   
6-MWT distance (% pred.) 84 ± 17 83 ± 17 89 ± 17 0.420 
6-MWT dyspnoea at rest (modified Börg scale) 1 ± 2 2 ± 2 0 ± 0 0.002 
6-MWT end-test dyspnoea (modified Börg 
scale) 

6 ± 2 6 ± 2 4 ± 3 0.083 

6-MWT SpO2 at rest (%) 98 ± 1 98 ± 1 98 ± 2 0.874 
6-MWT SpO2 min (%) 95 ± 4 95 ± 4 93 ± 6 0.741 
3 min sit-to-stand test (n rep.) 57 ± 26 60 ± 27 47 ± 21 0.253 

Hyperventilation syndrome 35 29 6   
Nijmegen score* 25 ± 10 27 ± 10 17 ± 11 0.020 
Nijmegen >22; no.(%) 17(49%) 16(55%) 1(17%) 0.177 
Provocation test >5 min; no. (%) 21(70%) 21(72%) 0(0%) 0.020 
Nijmegen >22 and Provocation test >5min; no. 
(%) 

12(34%) 12(41%) 0(0%) 0.255 

Hospital Anxiety and Depression; n 29 23 6   
Anxiety scorea 7 ± 4 8 ± 4 6 ± 4 0.468 
Anxiety >7; no.(%) 13(45%) 11(48%) 2(33%) 0.662 
Depression scorea 6 ± 4 7 ± 4 4 ± 3 0.106 
Depression >7; no.(%) 11(38%) 10(43%) 1(17%) 0.362 

Quality of life (VQ-11 
questionnaire); n 

35 27 8   
Total scoreb 29 ± 10 31 ± 10 23 ± 9 0.030 
VQ-11 > 21; no.(%) 24(69%) 20(74%) 4(50%) 0.225 

Functional dimension 10 ± 3 11 ± 3 7 ± 3 0.008 
Relational dimension 9 ± 4 9 ± 4 7 ± 3 0.156 
Psychological dimension 11 ± 4 11 ± 4 9 ± 3 0.124 

FVC: forced vital capacity; FEV1: forced expiratory volume in 1 s; 6-MWT: 6-min walking test; SpO2: pulsed oxygen saturation; PCR+: positive SARS-CoV-2 Polymerase 
Chain Reaction test. 
* Nijmegen score is considered positive when >22. 

a Anxiety or depression components of the HAD are considered positive when >7. 
b VQ-11 is considered altered when >21. 
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differences for paired continuous variables were assessed using paired 
sample t-tests or Wilcoxon’s signed rank test depending on data distri-
bution. The McNemar test was used for categorial variables. Statistical 
analyses were performed using GraphPad Prism (v. 6.01, La Jolla, CA) A 
two-tailed p value < 0.05 was considered statistically significant. 

3. Results 

3.1. Population characteristics before rehabilitation 

This study included a total of 39 consecutive patients whose baseline 
characteristics at first assessment are displayed in Table 1. The flow 
diagram of the study is depicted in Fig. 2. 

Diagnosis was confirmed by quantitative PCR positive test (PCR+) in 
34(87%) participants. Mean age was 48 ± 15 years and 22(56%) were 
females. Patients had no comorbidities, 14(36%) of them required initial 
hospitalisation of more than 48 h and 25(64%) were off work. Duration 
between initial onset of symptoms and rehabilitation referral was 73 
[34–178] days and individual data are depicted in supplementary 
Figure S1. Chronology of inclusions for each individual from April 1st, 

2020 to April 1st, 2021 is reported in Fig. 1. 
The most common symptoms were exertional dyspnoea (mean mMRC: 

2±1) and fatigue, which were reported respectively by 35(90%) and 30 
(77%) participants (Table 1). Respiratory function was preserved 
(mean FEV1: 95 ± 19%, mean FVC: 96 ± 20%). Functional evaluation 
revealed a mean 6-MWT distance at 84 ±17% of theoretical values. At the 
end of 6-MWT, 3(8%) patients had a SpO2 <90%, including 1(3%) <85%. 

Regarding hyperventilation syndrome assessment, the average Nij-
megen score was 25 ± 10, with 17(49%) patients exhibiting a positive 
score. The hyperventilation provocation test was positive for 21(70%) 

patients. 12(34%) patients had a combination of a positive Nijmegen 
score and a positive provocation test, and were therefore diagnosed with 
hyperventilation syndrome. Quality of life was impaired in 24(69%) 
patients, with a VQ-11 score at 29 ± 10. The anxiety and depression 
components of the HAD were assessed positive (>7) in 13(45%) and 11 
(38%) patients, respectively. 

During the 6-MWT, resting and end-test SpO2 values were 98 ± 1% 
and 95 ± 3% for patients with hyperventilation syndrome, compared to 
98 ± 1% (p = 0.129) and 94 ± 4% (p = 0.558) for patients without 
hyperventilation syndrome. Similarly, no difference was evidenced for 
heart rate values during 6-MWT, with a resting and end-test HR of 86 ±
10 bpm and 119 ± 23 bpm vs. 85 ± 13 bpm (p = 0.829) and 127 ± 19 
bpm (p = 0.340) respectively for patients with and without hyperven-
tilation syndrome. 

3.2. Variables associated with prolonged functional sequelae 

Out of the whole cohort, 29(74%) patients had PFS (Table 1). They 
were younger (43 ± 14 vs. 60 ± 10yr, p = 0.002), had a non-significantly 
lower rate of initial hospital admission (28% vs. 60%, p = 0.123), a later 
rehabilitation referral (107[56–240] vs. 32[26–41] days, p < 0.001) and 
a longer rehabilitation duration (94[63–142] vs. 24[13–35] days, p <
0.001) than those without PFS. PFS were associated with more severe 
rest and exertional dyspnoea (respectively, Börg scale at rest: 2 ± 2 vs. 0 
± 0; p = 0.002, mMRC: 2 ± 1 vs. 1 ± 1; p = 0.051). Nijmegen score as 
well as prevalence of positive provocation test were significantly higher 
in this subgroup (respectively 27 ± 10 vs. 17 ± 11; p = 0.02; and 72% vs. 
0%; p = 0.02). Moreover, although the difference was not statistically 
significant, all patients presenting with hyperventilation syndrome were 
in this subgroup (12(41%) vs. 0(0%); p = 0.255). Patients with PFS also 

Fig. 2. Flow diagram of the study.  
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reported more severely impaired quality of life (VQ-11 score: 31 ± 10 vs. 
23 ± 9; p = 0.030), mainly according to functional dimension (11 ± 3 vs. 
7 ± 3; p = 0.008). Importantly, objective parameters such as lung 
function, 6-MWT distance or 3-STS did not significantly differ between 
both groups (Table 1). 

3.3. Evolution over the course of rehabilitation 

The duration of rehabilitation was highly variable. The number of 
patients according to the rehabilitation duration (<6 weeks, 6–12 
weeks, 12–24 weeks, >24 weeks) was evenly distributed (Fig. 3). Of 
note, 18 patients were still undergoing rehabilitation at the end of the 
follow-up. The actual proportion of patients requiring prolonged reha-
bilitation may have therefore been underestimated. 

64% of patients included in the initial cohort (n = 25) underwent 
both first and second assessments. Reasons for absence of second 
assessment were: recent start of rehabilitation (<2 months; n = 5), early 
recovery irrelevant for a second evaluation (n = 2) and loss of follow-up 
(n = 7) (Fig. 2). A total of 11(28%) patients recovered before the end of 
the current follow-up. Characteristics of patients who underwent both 
assessments did not significantly differ from the whole cohort (supple-
mentary Table S1), except for rehabilitation duration which was 
significantly longer (97[60–154] vs. 66[26–110]; p < 0.001). The 
average duration between first and second assessments was 61 ± 20 
days. 

Data from patients who underwent both assessments are displayed in 
Table 2. Among them, 22(88%) required rehabilitation >3 months after 
disease onset and were therefore integrated in the PFS subgroup. From 
first to second assessment, mean exertional dyspnoea (mMRC) improved 
from 2 ± 1 to 1 ± 1 (p < 0.001), consistently with improved functional 
capacities as evaluated by the 6-MWT distance and the 3-STS which 
respectively increased from 83% ± 19% to 93% ± 18% and from 61 ±
30 to 80 ± 29 repetitions (p < 0.001). Hyperventilation also improved: 
the number of patients with both Nijmegen score>22 and positive 
provocation test reduced from 10(50%) to 3(15%) (p = 0.023). This 
result was mainly driven by a reduction in the prevalence of positive 
provocation test which decreased from 17(89%) to 5(25%) (p = 0.001). 
Importantly, despite both functional and respiratory improvements be-
tween first and second assessments, most patients still reported at sec-
ond assessment unusual fatigue (n = 15(60%)), anxiety symptoms (n =

10(59%)) and altered quality of life (n = 12(57%)). 

4. Discussion 

This study reports original data from a long-term longitudinal follow- 
up in patients presenting with clinical sequelae of Covid-19, mostly after 
mild-to-moderate Sars-CoV-2 infection, referred to ambulatory reha-
bilitation. In fact, 64% of our cohort did not require hospital admission. 
Despite their middle age, the lack of significant medical past-history, 
and a mild severity at disease onset, patients included in this study 
exhibited multiple clinical and functional sequelae more than two 
months after SARS-CoV-2 infection. Striking was the prevalence of hy-
perventilation syndrome, with 34% of the whole cohort presenting with 
both positive Nijmegen score and positive provocation test. On the other 
hand, according to our data, the heterogeneity of rehabilitation duration 
does not support that a fixed duration program may apply in such 
population. 

Of note, formal diagnosis was not available for 5 patients (13%). 
However, ambulatory access to diagnosis was highly limited in the early 
beginning of the current pandemic and recent guidelines support 
including in Covid-19 cohorts patients in which diagnosis was based on 
clinical symptoms [25]. Characteristics of our population are never-
theless consistent with data recently reported by Trinkmann et al. and 
Sonnweber et al. in patients presenting with long-lasting Covid-19 
symptoms [6,13,26–28]. 

In our population, rehabilitation referral was considered because of 
the presence of disabling functional sequelae. In the subgroup of patients 
with PFS, 70% were still off-work four months after disease onset. A 
recent survey found that approximately 45% of patients may require a 
reduced work schedule at 6 months from disease onset, highlighting the 
substantial socio-economic burden of persisting symptoms following 
SARS-CoV-2 infection [29]. 

Beyond this social dimension, Jacobs et al. already underlined in 
patients following hospitalisation that quality of life might still be 
altered 35 days after discharge [30]. Our data support that this 
impairment may last even longer, as 69% of our patients exhibited 
altered VQ-11 at initial assessment (73[34–178] days after disease 
onset) although most of our patients were not initially hospitalised. It 
should be noted that we evaluated quality of life with the VQ-11 ques-
tionnaire, which is mainly validated in COPD patients and is not 

Fig. 3. Patients’ distribution according rehabilitation duration.  
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intended for being used in the general population [20,21]. However, this 
questionnaire is routinely used in our structures, easy administered, and 
appears consistent with the indication of rehabilitation in the current 
study as it specifically evaluates the alteration of quality of life related to 
respiratory disability. 

Underlying mechanisms promoting long lasting respiratory disorders 
and especially exertional dyspnoea in Covid-19 population remain to be 
clarified. Our data suggest respiratory function was almost preserved 
with respect to spirometric measurements, consistently with previous 
reports in a similar population [8,13,26]. Data from Sonnweber et al. 
support that impaired lung function might poorly be described based on 
spirometry solely, as diffusing capacity is the most frequently encoun-
tered alteration in Covid-19 population [26]. However these authors 
also described favourable evolution of lung function at 60 and 100 days 
which, along with our data demonstrating persistence of dyspnoea more 
than 4 months after infection, suggests an absence of correlation be-
tween respiratory function and symptoms [26]. 

Indeed, several symptoms described in “long Covid” manifestations 
do not appear to be closely related to lung function [10,11,13]. In our 
study, we systematically searched for dyspnoea, fatigue, headaches, 
muscular, articular or chest pain and cough. A more complete evaluation 
might have yielded different results as attention disorders, hair loss, 
ageusia, anosmia and depression have also been documented as highly 
prevalent in long Covid [31,32]. We determined this list based on our 
experience and our approach as physiotherapists facing this population 

referred for an indication of rehabilitation. From our data and from a 
functional perspective, dyspnoea and fatigue were the most prevalent 
symptoms in our population, consistently with previous reports [8,12, 
33]. 

Mohr’s study supports the observation that dyspnoea cannot be 
explained by cardiac, pulmonary or ventilatory limitation in all patients 
[34]. Of the 10 patients included, 6 of whom were hospitalised, this 
work showed that muscular deficiency and thus metabolic limitation 
might contribute to dyspnoea [34]. Our study does not support the fact 
that muscular limitation might explain dyspnoea-related functional 
impairment. Indeed, in the group with PFS, 6-MWT distance as well as 
end-test dyspnoea were more severely altered than in the other group 
while the 3-STS, which evaluates muscle function, was 50% higher. 

Another component which may explain persistence of symptoms in 
our population, and especially dyspnoea-related functional limitation, is 
the presence of hyperventilation syndrome as previously suggested by 
Motiejunaite et al. [6,14,27,28]. In our study, 41% of patients with PFS 
presented with both positive Nijmegen score and positive provocation 
test. 72% exhibited a positive provocation test. We recognize the lack of 
specificity of this diagnostic modality and that a standardised cardio-
pulmonary exercise testing would have more accurately prevented from 
capturing other aetiologies of dysfunctional breathing [35–38]. How-
ever, hyperventilation syndrome in our population was improved be-
tween first and second assessments with the implementation of specific 
treatment (from 10(50%) to 3(15%); p = 0.023) [39]. Additionally, HR 

Table 2 
Evolution between first and second rehabilitation assessments.    

First assessment Second assessment p-value 

Symptoms; n  25  
Dyspnoea (modified MRC scale) 2 ± 1 1 ± 1 <.001 
Dyspnoea (modified MRC ≥ 1); no.(%) 22(88%) 13(52%) 0.007 
Fatigue; no.(%) 19(76%) 15(60%) 0.133 
Chest pain; no.(%) 13(52%) 10(40%) 0.371 
Headache; no.(%) 9(36%) 9(36%) 1 
Muscular or articular pain; no.(%) 10(40%) 9(36%) 1 
Cough; no.(%) 8(32%) 5(20%) 0.449 

Lung function; n  22  
FVC (% pred.) 97 ± 17 104 ± 22 0.006 
FEV1 (% pred.) 96 ± 17 101 ± 23 0.052 
FEV1/FVC (%) 82 ± 9 80 ± 8 0.290 

Functional assessment; n  22  
6-MWT distance (m) 510 ± 89 569 ± 98 <.001 
6-MWT distance (% pred.) 83 ± 19 93 ± 18 <.001 
6-MWT dyspnoea at rest (modified Börg scale) 1 ± 2 1 ± 1 0.305 
6-MWT end-test dyspnoea (modified Börg scale) 6 ± 2 5 ± 3 0.104 
6-MWT SpO2 at rest (%) 98 ± 1 98 ± 1 0.042 
6-MWT SpO2 min (%) 96 ± 2 96 ± 2 0.110 
3 min sit-to-stand test (n rep.) 61 ± 30 80 ± 29 <.001 

Hyperventilation syndrome  20  
Nijmegen score* 27 ± 10 24 ± 11 0.709 
Nijmegen >22; no.(%) 11(55%) 10(50%) 1 
Provocation test >5min; no. (%) 17(89%) 5(25%) 0.001 
Nijmegen >22 and Provocation test >5min; no.(%) 10(50%) 3(15%) 0.023 

Hospital Anxiety and Depression; n  17  
Anxiety scorea 8 ± 3 8 ± 0 0.941 
Anxiety >7; no.(%) 8(47%) 10(59%) 0.683 
Depression scorea 6 ± 4 5 ± 0 0.306 
Depression >7; no.(%) 6(35%) 5(29%) 1 

Quality of life (VQ-11 questionnaire); n  21  
Total scoreb 29 ± 10 25 ± 10 0.041 
VQ-11 > 21; no.(%) 15(71%) 12(57%) 0.789 
Functional dimension 10 ± 3 8 ± 3 <.001 
Relational dimension 9 ± 4 8 ± 4 0.162 
Psychological dimension 11 ± 4 10 ± 4 0.264 

FVC: forced vital capacity; FEV1: forced expiratory volume in 1 s; 6-MWT: 6-min walking test; SpO2: pulsed oxygen saturation. PCR+: positive SARS-CoV-2 Polymerase 
Chain Reaction test. 
Duration between first and second assessments was 61 ± 20 days. 
* Nijmegen score is considered positive when >22. 

a Anxiety or depression components of the HAD are considered positive when >7. 
b VQ-11 is considered altered when >21. 
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and SpO2 variations during the 6-MWT were similar between patients 
considered with and without hyperventilation syndrome, supporting 
that the observed dyspnoea was not related to another physiological 
explanation that would not have been explored. This suggests a low 
proportion of false positives and supports that, when all other causes 
have been eliminated, the screening for hyperventilation syndrome 
should be included in the evaluation of patients referred to rehabilita-
tion with persistent dyspnoea related to Covid-19. 

Over the course of rehabilitation, most clinical symptoms decreased, 
exertional dyspnoea as well as hyperventilation prevalence significantly 
decreased and 6-MWT, 3-STS and quality of life significantly improved. 
Regarding hyperventilation syndrome, Nijmegen score remained quite 
high while provocation test was significantly improved. We believe this 
might be explained by a lack of specificity of Nijmegen questionnaire in 
Covid-19 population, with an overlap of symptoms. We cannot conclude 
from the design of this study [40] whether these improvements were 
promoted by rehabilitation program itself or by the natural evolution of 
the disease. However, patients were referred with a median delay of 84 
days after disease onset and it seems reasonable to state that rehabili-
tation probably played a role in this directional change. Early referral to 
rehabilitation might anticipate this directional change, and in that way 
our data confirm recent guidance from the ERS-ATS task force which 
strongly encourages identifying rehabilitation needs in Covid-19 pa-
tients regardless of whether they required hospitalisation or not [4,16, 
41]. Further studies with comparative design could help understanding 
the contribution of rehabilitation to exertional limitation and hyper-
ventilation syndrome in this population. 

Finally, it should be noted that our results cannot be generalised to 
all Covid-19 patients. Our cohort included patients specifically referred 
because of their functional complaints. Nevertheless, the prevalence of 
prolonged Covid-19 sequelae is likely to be substantial, with data sug-
gesting from 10% to 51% of the infected population [10,11,13]. This 
may represent a “large hidden iceberg” of self-confined people who may 
suffer from these sequelae without being taken care of [16]. 

5. Conclusion 

This study suggests that long-lasting clinical and functional sequelae 
qualifying patients for ambulatory rehabilitation after SARS-CoV-2 
infection may be unexpectedly encountered in a population of patients 
without severe initial manifestation of the disease. Lung function tests 
seem insufficient to clearly decipher long-lasting breathlessness after 
Covid-19. Our data therefore support screening of hyperventilation 
syndrome in Covid-19 outpatients referred for rehabilitation in relation 
to their dyspnoea. This component as well as the associated functional 
disorders can improve with early rehabilitation referral. 

Funding 

Devices and consumables used for EtCO2measurements were pro-
vided by L3 Medical SARL, which was not involved in the current study. 

Availability of data and materials 

The datasets used and/or analysed during the current study are 
available from the corresponding author on reasonable request. 

Authors’ contributions 

BB, PH, CR, MZ and MD contributed substantially to study concep-
tion and design; BB, RE and MD contributed to data acquisition; BB, PH, 
LG, FB, MZ and MD contributed to data analysis and interpretation; BB, 
PH, MZ and MD drafted the manuscript. All authors revised the manu-
script for important intellectual content, approved the final version, and 
agree to be accountable for all aspects of the work in ensuring that 
questions related to the accuracy or integrity of any part of the work are 

appropriately investigated and resolved. 

CRediT authorship contribution statement 

Benoit Bouteleux: Conceptualization, Methodology, Investigation, 
Writing – original draft, writing. Pauline Henrot: Validation, Visuali-
zation. Rachel Ernst: Investigation. Léo Grassion: Visualization. 
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Each line represents one participant. Hatched lines represent the 
duration between disease onset and rehabilitation referral (time before 
rehabilitation; days). Solid lines represent rehabilitation duration 
(days). Patients were classified chronologically based on rehabilitation 
start date. Note that follow-up was continued up to May 17th, 2021 so 
that all participants could be categorised according to a 3-months 
threshold defining “prolonged functional sequelae” as persistence of 
rehabilitation requirement more than 3 months after disease onset.Pa-
tients with prolonged functional sequalae are marked with ◊. Note that 
18 participants were still undergoing rehabilitation on May 17th, 2021. 
Rehabilitation duration is therefore censored for these participants. 

The graph displays the number of patients according to rehabilita-
tion duration. For rehabilitation duration of ≤6, ]6; 12], ]12; 24] and 
>24 weeks, respectively 5, 8 and 5 patients were still undergoing 
rehabilitation at the end of follow-up. 
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G. Feuchtner, A. Egger, G. Hoermann, A. Schroll, G. Fritsche, S. Wildner, 
R. Bellmann-Weiler, R. Kirchmair, R. Helbok, H. Prosch, D. Rieder, Z. Trajanoski, 
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