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Abstract: (1) Background: Between the beginning of the coronavirus pandemic and summer 2022,
we distinguished four pandemic waves, with different characteristics of the affected patients. This
study investigated the impact of patient characteristics on the outcome of inpatient pulmonary
rehabilitation (PR). (2) Methods: Using a prospective approach, the characteristics of post-acute
COVID-19 patients of the different waves who participated in inpatient PR were compared based
on their assessments and results collected as part of PR (Cumulative Illness Rating Scale (CIRS),
six-minute walk test (6-MWT), Pulmonary Function Testing (PFT), and Functional Independent
Measurement (FIM). (3) Results: A total of 483 patients were included in the analysis (Wave 1 n =51,
Wave 2 n = 202, Wave 3 n = 84, Wave 4 n = 146). Compared to Wave 3 + 4, patients of Wave 1 + 2
were older (69 vs. 63 years; p < 0.001), had a significantly lower CIRS (13.0 vs. 14.7 points; p = 0.004),
had significant better PFT (FVC: 73 vs. 68%pred; p = 0.009; DLCOgg: 58 + 18 vs. 50 + 17%pred;
p = 0.001), and showed significantly more comorbidities (2.0 vs. 1.6 n/pers.; p = 0.009). Wave 3 + 4
showed significantly greater improvements according to the 6-MWT (147 vs. 188 m; p < 0.001) and
the FIM (5.6 vs. 21.1 points; p < 0.001). (4) Conclusions: Patients of the COVID-19 infection waves
differed significantly according to their anthropometric data, incidence of comorbidities, and impact
of the infection. All cohorts achieved clinically relevant and significant functional improvements
during PR, with significant higher improvements in Wave 3 + 4.
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1. Introduction

The COVID-19 pandemic in Switzerland started in the beginning of February 2020
as a regional sub-happening of the global outbreak of the respiratory disease COVID-19
and was based on infections with the SARS-CoV-2 virus, which had emerged in late 2019.
The COVID-19 pandemic spread from the Chinese metropolis of Wuhan, Hubei Province,
starting in December 2019. Beginning on 11 March 2020, the World Health Organization
(WHO) classified the outbreak of the novel coronavirus as a pandemic [1]. The number
of people infected with coronavirus in Switzerland has been increasing since the end
of February 2020. Up until 12 December 2022, there were approximately 4.35 million
confirmed cases of the disease in Switzerland. Due to or with co-occurring lung disease,
more than 13,700 people have died in Switzerland so far.

During the pandemic, epidemiologists distinguished different waves of the spread
that led to hospitalization of different population groups. The first wave occurred in spring
2020, the second period at the end of summer and in autumn 2020, and the third at the
beginning of 2021. In Switzerland, a fourth wave started in October 2021 and lasted until
June 2022 [2].
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COVID-19 is caused by the severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2). The pathophysiologic mechanism of this virus is mainly related to acute
respiratory distress syndrome (ARDS) and systemic severe inflammatory reaction [3]. One
of the first observations at the beginning of the pandemic was that patients with comor-
bidities, including previous cardiovascular disease, were more likely to present with worse
clinical outcomes, including a higher risk of hospitalization and death [4,5]. Accordingly,
the first three waves mainly affected people with severe courses of the disease who were
already severely ill in advance. However, after an effective vaccine became available, the
composition of the COVID-19 cohort with severe courses changed: those who had not been
vaccinated predominated [6].

Pulmonary rehabilitation (PR) has been prioritized in COVID-19 patient care from the
beginning [7,8]. Not only has it been used to provide patients with the usual rehabilitative
services to promote recovery following a severe course, but in some countries (e.g., Switzer-
land, Germany, and Italy), it also, in part, has been used to relieve the acute hospitals and
maintain their admission facilities and inpatient capacities [9].

Little has been described about the impact of changes in the composition of patients
in the post-COVID-19 stage on rehabilitation outcomes, which is why, in this study, we
analyzed the commonalities and differences in PR outcomes of the different patient groups.

2. Materials and Methods

Between February 2020 and June 2022, 676 patients with post-acute COVID-19 were
admitted to an inpatient PR program at the Zurich RehaCenter Wald Clinic in Switzerland.
For several reasons, data for only 483 patients could be included (Wave 1: 51, Wave 2:
202, Wave 3: 84, Wave 4: 146). Data collection was conducted prospectively. All included
patients gave their written informed consent. For data storage, the clinic information
system INES® (INES Schweiz GmbH, Bottighoferstrasse 6, 8596 Scherzingen, Switzerland)
was used. The study protocol was approved by the local ethics committee (BASEC-No
2020-01061) and was registered at the German Clinical Trials Register (DRKS00024613).

All necessary assessments were performed upon admission to PR and 1-2 days before
discharge. The contents of the assessments consisted of the Hospital Anxiety and De-
pression Scale (HADS), laboratory values, the Chronic Respiratory Disease Questionnaire
(CRQ), the Cumulative Illness Rating scale (CIRS), and pulmonary function testing (PFT).
The following assessments were performed twice, once upon admission and the second
time upon discharge, in order to record changes: Feeling Thermometer (FT), Functional
Independence Measure (FIM), and 6-min walk test.

2.1. Pulmonary Rehabilitation Program

The contents of the PR program are described extensively elsewhere and are thus
described only cursorily at this point [7].

All patients participated in an inpatient PR program of 3 weeks on average. The
various sessions included individualized training, consisting of gymnastics and stretching,
treadmill training or ergometer training, and walking training on terrain or indoors (three
different levels of intensity), as well as strength training adapted to the performance capacity
of the patients. The intensity level was based on the severity of the cardio-pulmonary
effects as well as the functional limitations of the patients.

Many patients showed significant limitations at the beginning of PR, so it was usually
necessary to start with a low intensity level and successively increase the load, depending
on the patient’s condition and tolerance. The gymnastic exercises addressed not only an
improvement in endurance performance but also coordination and strength exercises, as
well as exercises that trained flexibility and balance. Respiratory physiotherapy included
cough control exercises in addition to breathing control and energy conservation techniques.
All patients participated in educational sessions and nutritional interventions. If needed,
patients participated in a structured smoking cessation program, received psychosocial
support, or received diabetes counseling.
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2.2. Six-Minute Walk Test (6-MWT)

Exercise capacity was measured at hospital admission and discharge using the 6-MWT
according to the guidelines of the American Thoracic Society (ATS) and carried out by
experienced, well-instructed examiners [10]. According to the ATS, this exercise test
provides valuable data for patients with cardiac or pulmonary diseases, representing
functional, therapeutic response as well as prognostic data. Due to its reproducibility and
simplicity, the 6-MWT is frequently used and delivers a good overview of the cardiopulmonary
and musculoskeletal status. This test is safe and well-tolerated by most patients at any stage of
disease, with the test being highly reflective of usual daily activity and exercise performance.

2.3. Chronic Respiratory Disease Questionnaire (CRQ)

To assess health-related quality of life (HRQoL) the Chronic Respiratory Disease
Questionnaire (CRQ) was used. The questionnaire measures eight dimensions of HRQoL
and allows for the calculation of two summary scales of physical and mental experience [11].
The 20 items were completed by the patients individually. They represent the four areas
of dysfunction (fatigue, emotional functioning, mastery, and dyspnea) in patients with
chronic pulmonary diseases. The patients graded their symptoms according to a 7-point
Likert scale for the domains, which included 4-7 items.

2.4. Functional Independence Measure (FIM)

The Functional Independence Measure (FIM) is an 18-item measurement tool that
explores an individual’s physical, psychological, and social functioning. In this study,
the FIM was used to assess changes in patient functioning, specifically with the aim
of evaluating response to rehabilitation or medical intervention. The FIM uses level of
assistance and individual needs to grade functional status from total independence to total
support [12].

2.5. Hospital Anxiety and Depression Scale (HADS)

The HADS is questionnaire of 14 items (7 questions focussing on depression and
7 questions on anxiety). Scores range from 0 to 21, with higher scores representing greater
disruption. Additionally, the questionnaire can be used as a diagnostic tool to assess
depression in patient with severe physical restrictions [13]. Completion took about 2-5 min.
In this study, the HADS was used to evaluate the response of depression and anxiety to PR.

2.6. Cumulative Illness Rating Scale (CIRS)

The CIRS was used to assess a patient’s level of disability and as an indicator of
health status, including predicted 18-month mortality and social function [14]. It is a
comprehensive method for recording diseases in 14 organ systems on the basis of an
evaluation of 0 to 4 points, which is used to calculate a cumulative score. The range of
the total score is 0-56 points. When evaluating the CIRS, each individual illness in the
corresponding organ system must be classified. If there were different diseases within
the same organ system, only the disease that was most pronounced was evaluated. The
calculated CIRS at admission is useful for predicting important hospital outcomes such as
high risk of death or long stays and to better anticipate end-of-life issues.

2.7. Feeling Thermometer (FT)

The FT analyzes and evaluates the emotional status of the patients regarding their
current well-being. Therefore, the patients rate their feelings according to a rating scale in
terms of degrees from 0-100, representing their mood corresponding to temperatures [15].
A higher temperature indicates a better mood.

2.8. Pulmonary Function Tests (PFT) and Blood Gas Analysis

Upon each patient’s discharge from PR, we conducted comprehensive pulmonary
functioning testing using Body-Plethysmography and Spirometry (Master Screen Body;
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Jaeger GmbH, Hoechberg, Germany). The tests were carried out considering the current
ATS-ERS Guidelines. The following blood tests were analyzed once upon admission: arte-
rial blood gas analysis (inhouse analysis: Radiometer ABL800, Willich, Germany) [16,17],
blood cell counts, leukocytes, and C-reactive protein (CRP) (external laboratory analysis:
Medica, Medizinische Laboratorien Dr. F. Kaeppeli AG, Zurich).

2.9. Statistical Analysis

Binary variables were presented as relative and absolute frequencies, and Fisher’s
exact test was used for group comparisons. Continuous variables were visually inspected
using a Q-Q plot to verify normal distribution. Differences between groups in normally
distributed variables were analyzed using one-way ANOVA with Tukey’s HSD as a post
hoc test. To calculate the difference between groups of non-normally distributed data,
the Kruskal-Wallis test with Dunn’s test and the Bonferroni correction as a post hoc test
was used.

Using combined data across all waves, multivariable regression was used to determine
variables independently associated with rehabilitation outcomes A6-MWT and AFIM. To
ensure no multicollinearity between independent variables, the variance inflation factor
(VIF) was calculated, and variables with values > 5 were further investigated for multi-
collinearity and not used in the regression model. Continuous variables describing patient’s
characteristics were entered into the multivariable regression model, and non-significant
variables were eliminated individually using backward subtraction.

3. Results

Out of 676 patients admitted to PR following a severe COVID-19 infection, 483 were
included in the study. A total of 193 patients could not be considered for the following
reasons: 98 refused to participate in the study, 55 did not complete the PR program for
several reasons, 26 patient records were not completed, especially the assessments, and
14 did not participate for to other reasons.

3.1. Patient Characteristics at Admission to Pulmonary Rehabilitation

Table 1 represents the baseline characteristics of all cohorts separated by COVID waves
1-4 upon admission to pulmonary rehabilitation.

Table 1. Patient characteristics upon admission to pulmonary rehabilitation.

Wave 1 Wave 2 Wave 3 Wave 4

(n =51) (n = 202) (n = 84) (n = 146) P
Age [year £ SD] 68.5+9.1 69.3 +£10.9 63.6+11.2°% 62.3 +£13.3%% <0.001
Gender, female [%, (n)] 39.2(20) 33.7(68) 38.6(32) 32.2(47) 0.630
BMI [kg/m2 + SD] 27.6 £ 6.2 27.2+109 26.6 +4.2 273 +5.4 0.673
Vaccinated [%(n)] 0(0) 0(0) 8.3(7) 21.9(32) *5# <0.001
Acute hospital days [d & SD] 295 +17.3 21.7 £12.7* 26.8 +19.2 22.8 +12.1 0.003
ICU days [d £ SD] 14.3 £13.0 6.6 +10.8* 10.5 + 18.6 9.4 +13.6 0.002
Ventilation days [d & SD] 9.8 £10.3 414+87* 6.2 +£14.0 6.1 £11.5 0.007
O2 Therapy pre [%(n)] 52.9(27) 40.6(82) 46.4(39) 41.8(61) 0.392
CIRS [points £ SD] 144+ 5.8 126 £ 6.4 14.0 £ 6.2 15.1+6.8°% 0.006
CRQ [points £ SD] 47+ 1.0 47+ 1.0 47 +1.2 474+1.2 0.979
6-MWTpre [m + SD] 185.1 £151.2  192.0 + 129.7 187.6 + 132.5 181.3 +132.5 0.918
FIMpre [points £ SD] 101.6 + 14.3 929 +17.9* 925+ 189* 91.6 +13.8* 0.003
FTpre [points + SD] 515+ 15.7 54.1+17.4 484 +16.9 53.7 +19.9 0.173
HADS-A [points + SD] 53 +39 6.4+ 8.1 51+4.1 44437 0.066
HADS-D [points + SD] 5.0+29 6.4 +3.5 49 +36°% 48+41°% 0.005
FVC [pred% = SD] 74.8 +18.8 73.1 +£20.0 702 +£18.7 66.9 + 18.3 0.042
FEV1/FVC [% £ SD] 798 £94 794 +£11.3 82.7 £ 8.5 81.3 £10.1 0.174
DLCOgg [pred% =+ SD] 584 + 16.4 574 +18.2 51.1 £19.0 498+ 153°% 0.005
CRP [mg/L 4 SD] 161.2 + 145.5 126.9 +98.2 153.5 £ 115.1 106.7 +89.5**  <0.001
Hb [G/L + SD] 945 +22.8 108.5 +21.6* 109.24+20.0* 1147 +£19.8*%  <0.001
Leukocytes [G/L + SD] 122+73 123 £ 6.0 123+ 6.3 11.3 £5.0 0.417
COPD [%(n)] 13.7(7) 9.4(19) 3.6(3) 5.5(8) 0.091
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Table 1. Cont.

Wave 1 Wave 2 Wave 3 Wave 4

(n = 51) (n = 202) (n = 84) (n = 146) P
Alcohol [%(n)] 3.9(2) 6.9(14) 7.1(6) 8.2(12) 0.784
CHD [%(n)] 17.6(9) 17.3(35) 14.3(12) 16.4(24) 0.931
CHEF [%(n)] 2.0(1) 3.0(6) 24(2) 1.4(2) 0.801
Pul. hypertension [%(n)] 0.0(0) 1.0(2) 0.0(0) 1.4(2) 0.635
Art. hypertension [%(n)] 52.9(27) 55.0(111) 41.7(35) 37.0(54) ¥ <0.001
Diabetes [%(n)] 27.5(14) 27.2(55) 26.2(22) 26.0(38) 0.993
PAD [%(n)] 7.8(4) 5.9(12) 7.1(6) 6.8(10) 0.956
A-fib [%(n)] 7.8(4) 13.9(28) 6.0(5) 2.8(4)% 0.002
Stroke [%(n)] 2.0(1) 5.9(12) 4.8(4) 6.2(9) 0.627
DVT [%(n)] 2.0(1) 2.5(5) 4.8(4) 0.7(1) 0.257
PE [%(n)] 2.0(1) 3.0(6) 3.6(3) 4.1(6) 0.880
Dyslipidemia [%(n)] 17.6(9) 17.8(36) 15.8(13) 13.0(19) 0.652
Mental disorders [%(n)] 11.7(6) 9.4(19) 13.1(11) 10.3(15) 0.815
Renal insufficiency [%(n)] 23.5(12) 19.3(39) 17.9(15) 11.0(16) 0.103
Comorbidities [n/pers 4= SD] 19+1.6 2.0n+ 1.6 1.7 +1.7 1.5+17% 0.010

BMI, body mass index; ICU, intensive care unit; CIRS, Cumulative Illness Rating Scale; CRQ, Chronic Respiratory
Disease Questionnaire; 6-MWT, 6-min walk test; FIM, Functional Independence Measure; FT, feeling thermome-
ter; HADS-A, Hospital Anxiety and Depression Scale—Anxiety; HADS-D, Hospital Anxiety and Depression
Scale—Depression; FVC, functional vital capacity; FEV1, forced expiratory pressure in 1 s; DLCOSB, carbon
monoxide diffusion capacity of the lung; CRP, c-reactive protein; Hb, hemoglobin, COPD, chronic obstructive
pulmonary disease; CHD, coronary heart disease; CHE, chronic heart failure; PAD, peripheral artery disease; A-fib,
atrial fibrillation; DVT, deep vein thrombosis; PE, pulmonary embolism, * vs. Wave 1; $ vs. Wave 2; # vs. Wave 3.

3.2. Independent Variables Predicting Pulmonary Rehabilitation Outcomes

Using combined baseline characteristics (age, BMI, acute hospital days, ICU days,
ventilation days, CIRS, CRQ, 6-MWTpre, FIMpre, FTpre, HADS-A, HADS-D, FVC (pred%),
FEV1%FVC, DLCOsp (pred%), CRP, Hb, Leukocytes) and duration of PR across all waves,
a multivariable regression was performed to determine the variables that independently
predict PR outcomes, defined as A6-MWT, AFIM, and AFT. All independent variables
showed a VIF < 5 with exception of ICD days and ventilation days, which correlated with
each other (R = 0.94), hence they have not been used in combination in the regression model.
In a multivariable model for A6-MWT, duration of PR, age, BMI, 6-MWTpre and HADS-D
were independent predictors. For AFIM, duration of PR, age, and FIMpre turned out to
be independent predictors. AFT is best predicted with the number of ventilation days and
Ftpre. Results of the multivariable regression model are presented in Table 2.

Table 2. Multivariable regression model.

B Wald 95% CI p
Independent variables predicting A6-MWT
Duration of PR 2.88 2.19-3.57 <0.001
Age —3.01 —3.47--2.55 <0.001
BMI —3.87 —4.86——2.88 <0.001
6-MWTpre —0.35 —0.39--3.15 <0.001
HADS-D —4.14 —5.55--2.73 0.004
Independent variables predicting AFIM
Duration of PR 0.35 0.31-0.39 <0.001
Age —0.25 —0.29--0.21 <0.001
FIMpre —0.42 —0.45--0.39 <0.001
Independent variables predicting AFT
Ventilation days 0.21 0.13-0.29 0.011
Ftpre —0.65 —0.68--0.61 <0.001

6-MWT, 6-min walk test; FIM, Functional Independence Measurement; FT, feeling thermometer; PR, pulmonary
rehabilitation; BMI, body mass index; HADS-D, Hospital Anxiety and Depression Scale—Depression; ICU,
intensive care unit.

Based on the multiple regression model, we conclude that age and duration of PR are
the most important independent factors in determining overall PR outcome. When looking
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at the baseline characteristics by waves (Table 1), we see that age was significantly different
between waves. However, Wave 1 + 2 (68.5 vs. 69.3 years; p = 0.975) and Wave 3 + 4
(63.6 vs. 62.3 years; p = 0.860) showed no significant difference between groups. Addition-
ally, PR duration was not different between waves (p = 0.063). Furthermore, at Wave 1 + 2,
no vaccination was available (vaccinated 0%), whereas starting in Wave 3 (vaccinated 8.3%),
vaccinated patients began entering PR. Based on these analyses and to simplify further
analysis and interpretation of data, we decided to compare Wave 1 + 2 to Wave 3 + 4 in
further analysis.

3.3. Wave 1 + 2 versus Wave 3 + 4 Patients Characteristics Prior to COVID-19 Infection

Table 3 shows the patients’ characteristics and comorbidities prior to COVID-19 infec-
tion of Wave 1 + 2 and Wave 3 + 4. Patients from Wave 1 + 2 were older and had significantly
lower CIRS and significantly better PFT. However, functional parameters (6-MWT, FIM, FT)
at admission were not different. We found significantly more patients in Wave 1-2 having
COPD, arterial hypertension, and atrial fibrillation. All other comorbidities were equally
distributed. On average, Wave 1 + 2 showed significantly more comorbidities per patient
compared to Wave 3 + 4.

Table 3. Wave 1 + 2 versus Wave 3 + 4 patient characteristics prior to COVID-19 infection.

Wave 1 +2 Wave 3 + 4

(n = 253) (n = 230) P
Age [year £ SD] 69.1 = 10.5 62.8 +12.6 <0.001
CIRS [points =+ SD] 13.0 £ 6.3 147 £ 6.6 0.004
6-MWTpre [m + SD] 190.4 £+ 134.5 183.6 £ 132.5 0.592
FIMpre [points + SD] 947 £ 17.5 91.9 +£ 159 0.074
FTpre [points & SD] 53.5 £ 17.0 51.8 £ 19.1 0.364
FVC [pred% =+ SD] 734 +19.7 68.0 £ 18.5 0.009
DLCOgp [pred% =+ SD] 57.6 £ 17.8 50.3 + 16.7 0.001
COPD [%(n)] 10.3(26) 4.8(11) 0.026
Alcohol [%(n)] 6.3(16) 7.8(18) 0.595
CHD [%(n)] 17.4(44) 15.7(36) 0.930
CHF [%(n)] 2.8(7) 1.7(4) 0.549
Pul. hypertension [%(n)] 0.8(2) 0.9(2) 1.000
Art. hypertension [%(n)] 54.5(138) 38.7(89) <0.001
Diabetes [%(n)] 27.3(69) 26.1(60) 0.837
PAD [%(n)] 6.3(16) 7.0(16) 0.856
A-fib [%(n)] 12.6(32) 3.909) <0.001
Stroke [%(n)] 5.5(14) 5.7(13) 1.000
DVT [%(n)] 2.4(6) 2.2(5) 1.000
PE [%(n)] 2.8(7) 3.909) 0.613
Dyslipidemia [%(n)] 17.8(45) 13.9(32) 0.264
Mental disorders [%(n)] 9.9(25) 11.3(26) 0.658
Renal insufficiency [%(n)] 20.2(51) 13.5(31) 0.053
Comorbidities [n/pers + SD] 20+1.6 16 +1.7 0.009

CIRS, Cumulative Illness Rating Scale; 6-MWT, 6-min walk test; FIM, Functional Independence Measure; FT,
feeling thermometer; FVC, functional vital capacity; DLCOSB, carbon monoxide diffusion capacity of the lung;
COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; CHEF, chronic heart failure; PAD,
peripheral artery disease; A-fib, atrial fibrillation; DVT, deep vein thrombosis; PE, pulmonary embolism.

3.4. Complications Due to COVID-19 Infection and Pulmonary Rehabilitation Outcome

Table 4 shows the incidence of newly acquired diseases or complications due to
COVID-19 infection. We found significantly more lung infiltration, delirium, myocarditis,
and renal insufficiency in the Wave 1 + 2 group, while hospital germs, venous thromboem-
bolism (VTE), and pulmonary embolism occurred more often in the Wave 3 + 4 group.
However overall complications per patient was not different between groups.
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Table 4. Newly acquired diseases and complications caused by COVID-19 infection.

Wave 1 +2 Wave 3 + 4

(n = 253) (n = 230) P
Lung infiltration [%(n)] 83.0(210) 70.0(161) <0.001
COPD [%(n)] 0.8(2) 0.0(0) 0.500
Hospital germs [%(n)] 2.0(5) 7.4(17) 0.007
Sepsis [%(n)] 27.7(70) 24.3(56) 0.468
Delirium [%(n)] 29.2(74) 19.1(44) 0.011
CHD [%(n)] 0.8(2) 1.7(4) 0.431
CHEF [%(n)] 3.609) 2.2(5) 0.425
Pulmonary hypertension [%(n)] 1.2(3) 1.3(3) 1.000
Arterial hypertension [%(n)] 3.609) 6.5(15) 0.147
Diabetes [%(n)] 5.5(14) 6.1(14) 0.847
PAD [%(n)] 0.0(0) 0.4(1) 0.435
A-fib [%(n)] 9.5(24) 9.1(21) 1.000
Stroke [%(n)] 3.0(21) 0.9(2) 1.000
DVT [%(n)] 1.2(3) 4.3(10) 0.046
Enteritis [%, (n)] 1.2(3) 0.4(1) 0.625
Myocarditis [%(n)] 5.1(13) 1.3(3) 0.022
ARDS [%(n)] 45.8(116) 42.6(98) 0.521
PE [%(n)] 9.9(25) 20.9(48) <0.001
Dyslipidemia [%(n)] 2.0(5) 0.4(1) 0.219
Mental disorders [%(n)] 7.9(20) 8.7(20) 0.744
Renal insufficiency [%(n)] 27.7(70) 14.8(34) <0.001
ICU-acquired weakness [%(n)] 11.9(30) 12.6(29) 0.890
PNP [%(n)] 11.1(28) 9.6(22) 0.655
Complications [n/pers & SD] 29+19 27+£17 0.115

COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; CHF, chronic heart failure; PAD,
peripheral artery disease; A-fib, atrial fibrillation; DVT, deep vein thrombosis; ARDS, acute respiratory distress
syndrome; PE, pulmonary embolism; PNP, polyneuropathy.

Rehabilitation outcomes improved significantly in both groups (Wave 1 + 2 pre vs. post:
6-MWT: 190.4 vs. 338.8 m; p < 0.001; FIM: 94.7 vs. 111.0 points; p < 0.001; Wave 3 + 4 pre vs.
post: 6-MWT: 183.6 vs. 367.7 m; p < 0.001; FIM: 91.9 vs. 112.6 points; p < 0.001). However,
improvements compared between Wave 1 + 2 and Wave 3 + 4 according to the 6-MWT
and FIM total scores were significantly higher in Wave 3 + 4, while PR duration, oxygen
dependency at the end of PR, and FT were not different between Waves (Table 5).

Table 5. Outcome parameters of the pulmonary rehabilitation program.

Wave 1 + 2 Wave 3 + 4
(n =253) (n = 230) P
Duration of PR [d 4+ SD] 214+92 239+ 171 0.050
Oxygen dependancy [%(n)] 69.6(176) 37.4(86) 0.251
A6-MWT [m + SD] 147.4 + 105.8 188.1 +113.5 <0.001
AFIM [points + SD] 15.6 +12.6 21.1+16.9 <0.001
AFT [points + SD] 20.8 £15.4 23.0 £18.7 0.263

PR, pulmonary rehabilitation; 6-MWT, 6-min walk test; FIM, Functional Independence Measurement; FT,
feeling thermometer.

4. Discussion

To the best of our knowledge, this is the first study with detailed characterization of
patients from waves 1-4 of the coronavirus pandemic describing the impact on outcomes of
an inpatient PR program. Patients differed significantly according to their anthropometric
data, incidence of comorbidities, and impact of the infection. All patient groups achieved
clinically relevant and significant functional improvements during PR, with significantly
higher improvements in Wave 3 + 4.
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Patients of Wave 3 + 4 were significantly younger than patients of Wave 1 + 2. A
reason for this might be the fact that the percentage of vaccinated persons in Switzerland as
of 1 March 2021 increased with age, leading to more protection of elderly patients in Wave
3 + 4. In our study, only 29.1% of Wave 4 patients were vaccinated, while during the same
period, the vaccination status of the population of Switzerland had already risen up to
71.7% [18]. As aresult, we saw younger unvaccinated and severely ill patients in Wave 3 + 4.
In an observational study regarding a similar time period (October 2018 to September
2021), Sleffel et al. found in a comparable age structure in 1520 PR participants [19]. The
vaccination status might have led to this shift in age, but the awareness of elderly people
at risk, the protection measures available, and, in some cases, initial infection during
Wave 1 + 2 can potentially be additional factors.

Probably due to the age differences, clinically relevant comorbidities such as COPD,
arterial hypertension, or atrial fibrillation were significantly more frequent in Wave 1 + 2
than in Wave 3 + 4. The patient characteristics of Wave 1 + 2 are comparable to the findings
in other cohorts of the same time period, which also had numerous comorbidities and were
even older on average (72 years) [20].

It is well known that patients with pulmonary diseases show improvements in per-
formance by participating in PR, e.g., regarding the walking distance according to the
6-MWT [21]. Functional benefits of PR participation in post-COVID-19 patients have been
published previously by our group [7]. In our present study, patients in all groups showed
significant improvements according to the assessments, and the enhancements are compa-
rable to results in other studies (6-MWT 132.8 &= 92.8 m; FIM 18.0 & 11.4 points) [22]. In the
intergroup comparison of Wave 1 + 2 and Wave 3 + 4, however, there was a significantly
and clinically relevant higher improvement found for the 6-MWT and FIM in patients from
Wave 3 + 4. As the multivariable model shows, duration of PR, age, and the functional
level (6-MWT and FIM) at admission are the major predicting factors for the PR outcome.
BMI and HADS-D also play a role, but only for the 6-MWT improvement. The model
shows that younger and highly impaired COVID patients with a long PR duration are
more likely to benefit from PR. However, ICU days and hospitalization duration showed
no further influence on the PR outcomes, while ventilation days positively affected the AFT
only. These findings are in line with previous studies [23].

Gabunia S et al. compared 138 patients from the first two waves of the COVID-19
pandemic according to the results achieved while participating in inpatient PR with a
length of stay of 11-12 days. The patients in both waves experienced the same functional
improvements regarding the GG Self-care and Mobility Activities items with a median GG
score change of 3.6 per day and similar discharge GG scores [24]. However, the patients of
the respective waves did not differ significantly, and enhancements during PR were similar.
These findings are in line with our results, showing no difference in patient characteristics
followed by almost the same PR outcomes. However, our data show that as soon as the
vaccination status changed, which was found in Wave 3 + 4, patient characteristics also
changed, leading to a positive impact on PR outcome parameters.

It has been explained that COVID-19 infection has numerous manifestations beyond
the respiratory system, including cardiac injury (cardiomyopathy, myocarditis, ventricular
arrhythmias, and hemodynamic instability in the absence of obstructive coronary artery dis-
ease) [25]; thrombotic complications (including stroke, myocardial infarction, and venous
thromboses) [26]; and renal, gastrointestinal, and neurologic symptoms, among others [27].
These manifestations are frequently followed by persistence of symptoms and a reduced
quality of life [28]. This is in contrast to our study, wherein the more symptomatic and
impaired patient group of Wave 3 + 4 showed better PR outcomes.

However, regarding the well-being of the patients measured by the FT, no significant
differences between the groups were observed. This discrepancy is in contrast to the results
described by Jacobs LG et al., who found a large amount of prevalent and persistent symp-
toms according to their observational study and found that the persistence of symptoms
has an important impact on general, physical, and mental health status, social functioning,
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and quality of life within 35 days of discharge after COVID-19 infections [29]. We assume
that the perception of the enhancements while participating in the PR program was mainly
reduced due to mood disorders following the COVID-19 infection, though the HADS-D
scores were significantly higher in Wave 1 + 2. However, the experience in treating the
patients of Wave 3 + 4 was that they noted dissatisfaction with their situation in general
and that the expectations projected in the PR were not fulfilled.

As already described, severe COVID-19 infections may lead to persisting lung function
impairment, especially regarding the diffusion capacity (DLCO) [30]. The findings of our
analysis confirm the results published by Lenoir A et al. showing a reduction of the DLCO
(53.8%pred.) at admission to PR in all waves. Additionally, persistent oxygen dependency
was observed in 54.1% of our cohort at discharge from PR. This indicated the severity of the
lung damage caused by the COVID-19 infection, which seemed to be higher than that found
in other cohorts. The chest x-rays performed at discharge from PR showed significant more
pulmonary infiltrates for the Wave 1 + 2 patients. According to recent studies, the reported
quota of oxygen dependency after COVID 19-infection differs to a huge extent depending
on the observed cohort. For example, Jacobs LG et al. reported 20.3% oxygen dependence
35 days after COVID-19 infection, while Sundh J et al. described 67% following 150 days of
the infection [29,31]. It seems to be obvious that the quota depends on the initial severity of
the infection and the number of pulmonary comorbidities. However, most of those with
abnormal pulmonary function tests at 3 months improved subsequently, but only another
29% (6 out of 21) reached normal values at 6 months [32].

This analysis has some limitations, which have to be discussed. First, this study
represents data from a single center. Therefore, results should be applied to other cohorts
with caution. However, our rehab center is one of the largest centers in Eastern Switzerland,
and the area includes many different acute hospitals that referred patients to PR. This
is why we believe that the cohort is representative of patients with severe post-acute
COVID-19 infections. Second, since the approach to the COVID-19 patients in this study is
observational, it provides no control group. Implementation of a control group was not
feasible in this context for legal and ethical reasons. On the one hand, patients have a right
to rehabilitative services, and on the other hand, withholding rehabilitation would not be
ethically defensible or enforceable in Switzerland. Third, a potential selection bias may
have occurred due to the amount of patient data that could not be considered, as described
in the results section.

5. Conclusions

The study shows that participation in PR led to significant improvements in perfor-
mance, well-being, and functionality in both Wave 1 + 2 and Wave 3 + 4. However, the
enhancements in performance and functionality were significantly higher in Wave 3 + 4.
We hypothesize that the higher vaccination status during Wave 3 + 4 changed the patient
characteristics towards lower age, hence fewer morbidities and greater impairment than
during previous waves, which lead to an improved PR outcome.

Author Contributions: Conceptualization, M.S. and M.H.; methodology, M.S., C.E.S. and M.H,;
software, C.E.S.; validation, M.S., C.E.S. and M.H.; formal analysis, M.H., S.S. and M.S.; investigation,
A.-M.P-E., M.H. and M.S,; resources, S.S., G.G., O.1., A.S. and A.-M.P.-E.; data curation, S.S., G.G.,
O., AS. and A.-M.P-E; writing—original draft preparation, C.E.S., M.S. and M.H.; writing—review
and editing, M.S.,, M.H., C.E.S. and A.-M.P-E. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee Swissethics; BASEC-No 2020-01061
(15 August 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.



Int. |. Environ. Res. Public Health 2023, 20, 5907 10 of 11

Data Availability Statement: Data supporting the reported results can be provided upon reasonable
request by the corresponding author.

Acknowledgments: We would like to thank Antoinette Blanc, Ziircher Reha-Zentren Klinik Wald
and Davos, for her help with data collection and Bernhard Ulm, Unabhingige statistische Beratung
Bernhard Ulm, Kochelseestr 11, D-81371 Munich, Germany.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Pneumonia of Unknown Cause—China. Available online: https:/ /www.who.int/emergencies/disease-outbreak-news/item /20
20-DON229 (accessed on 28 December 2022).

2. Entwicklung der Coronavirus-Epidemie (COVID-19) in der Schweiz seit Februar 2020. Available online: https:/ /de.statista.com/
statistik /daten/studie/1101371/umfrage/entwicklung-der-fallzahlen-des-coronavirus-in-der-schweiz/ (accessed on 28 Decem-
ber 2022).

3.  Gibson, PG.; Qin, L.; Puah, S.H. COVID-19 acute respiratory distress syndrome (ARDS): Clinical features and differences from
typical pre-COVID-19 ARDS. Med. J. Aust. 2020, 213, 54-56. [CrossRef] [PubMed]

4. Zhou, F; Yu, T,; Du, R;; Fan, G; Liu, Y,; Liu, Z; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054-1062.
[CrossRef] [PubMed]

5. Silverio, A.; Di Maio, M.; Citro, R.; Esposito, L.; Iuliano, G.; Bellino, M.; Baldi, C.; De Luca, G.; Ciccarelli, M.; Vecchione, C.;
et al. Cardiovascular risk factors and mortality in hospitalized patients with COVID-19: Systematic review and meta-analysis of
45 studies and 18,300 patients. BMC Cardiovasc. Disord. 2021, 21, 23. [CrossRef]

6. Sharma, A.; Ahmad Farouk, I.; Lal, S. K. COVID-19: A Review on the Novel Coronavirus Disease Evolution, Transmission,
Detection, Control and Prevention. Viruses 2021, 13, 202. [CrossRef] [PubMed]

7. Spielmanns, M.; Pekacka-Egli, A.M.; Schoendorf, S.; Windisch, W.; Hermann, M. Effects of a comprehensive pulmonary
rehabilitation in severe Post-COVID-19 patients. Int. ]. Environ. Res. Public Health 2021, 18, 2695. [CrossRef]

8.  Hermann, M.; Pekacka-Egli, A.M.; Witassek, M.; Baumgaertner, R.; Schoendorf, S.; Spielmanns, M. Feasibility and Efficacy of
Cardiopulmonary Rehabilitation following COVID-19. Am. J. Phys. Med. Rehab. 2020, 99, 865-869. [CrossRef]

9.  COVID-19 Schweiz, Informationen zur Aktuellen Lage, Stand 9. Mai 2023. Available online: https://www.covid19.admin.ch/
de/hosp-capacity/total (accessed on 28 December 2022).

10. ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. Ats statement: Guidelines for the
six-minute walk test. Am. J. Respir. Crit. Care Med. 2002, 166, 111-117. [CrossRef]

11.  Guyatt, G.H.; Berman, L.B.; Townsend, M.; Pugsley, S.O.; Chambers, L.W. A measure of quality of life for clinical trials in chronic
lung disease. Thorax 1987, 42, 773-778. [CrossRef]

12. Linacre, ].M.; Heinemann, A.W.; Wright, B.D.; Granger, C.V.; Hamilton, B.B. The structure and stability of the functional
independence measure. Arch. Phys. Med. Rehabil. 1994, 75, 127-132. [CrossRef]

13.  Zigmond, A.S.; Snaith, R.P. The Hospital Anxiety and Depression Scale. Acta Psychiatr. Scand. 1983, 67, 361-370. [CrossRef]

14. Osborn, K.; Nothelle, S.; Slaven, J.E. Cumulative illness rating scale (cirs) can be used to predict hospital outcomes in older adults.
J. Geriatr. Med. Gerontol. 2017, 3, 30. [CrossRef]

15.  Schunemann, H.J.; Griffith, L.; Jaeschke, R.; Goldstein, R.; Stubbing, D.; Guyatt, G.H. Evaluation of the minimal important
difference for the feeling thermometer and the St. George’s respiratory questionnaire in patients with chronic airflow obstruction.
J. Clin. Epidemiol. 2003, 56, 1170-1176. [CrossRef]

16. Graham, B.L.; Steenbruggen, I.; Miller, M.R.; Barjaktarevic, I.Z.; Cooper, B.G.; Hall, G.L.; Hallstrand, T.S.; Kaminsky, D.A.;
McCarthy, K.; McCormack, M.C; et al. Standardization of Spirometry 2019 Update. An Official American Thoracic Society and
European Respiratory Society Technical Statement. Am. J. Respir. Crit. Care Med. 2019, 200, e70-e88. [CrossRef] [PubMed]

17.  Davis, M.D.; Walsh, B.K; Sittig, S.E.; Restrepo, R.D. AARC Clinical Practice Guideline: Blood Gas Analysis and Hemoximetry:
2013. Respir. Care 2013, 58, 1694-1703. [CrossRef] [PubMed]

18. COVID-19 Schweiz, Informationen zur Aktuellen Lage, Stand 9. Mai 2023. Available online: https://www.covid19.admin.ch/
de/vaccination/persons?geoAge=A_65_PLUS&vaccZoomDev=2021-06-28_2022-12-12&vaccZoomDemo=2021-06-27_2022-12
-11&geo=CH (accessed on 28 December 2022).

19. Sleffel, ].A.; Gaynor, M.M.; Paredez, M.R.; Helmandollar-Siegeler, ER.; Urry, ].R.; Kadyan, V. Functional outcomes in inpatient
rehabilitation facilities during the COVID-19 pandemic: An observational study. Ann. Phys. Rehabil. Med. 2022, 66, 101722.
[CrossRef] [PubMed]

20. Rapin, A.; Noujaim, PJ.; Taiar, R.; Carazo-Mendez, S.; Deslee, G.; Jolly, D.; Boyer, F.C. Characteristics of COVID-19 Inpatients in
Rehabilitation Units during the First Pandemic Wave: A Cohort Study from a Large Hospital in Champagne Region. Biology 2022,
11, 937. [CrossRef]

21. Spielmanns, M.; Gloeck], R.; Schmoor, C.; Windisch, W.; Storre, ].H.; Boensch, M.; Kenn, K. Effects on pulmonary rehabilitation in

patients with COPD or ILD: A retrospective analysis of clinical and functional predictors with particular emphasis on gender.
Respir. Med. 2016, 113, 8-14. [CrossRef]


https://www.who.int/emergencies/disease-outbreak-news/item/2020-DON229
https://www.who.int/emergencies/disease-outbreak-news/item/2020-DON229
https://de.statista.com/statistik/daten/studie/1101371/umfrage/entwicklung-der-fallzahlen-des-coronavirus-in-der-schweiz/
https://de.statista.com/statistik/daten/studie/1101371/umfrage/entwicklung-der-fallzahlen-des-coronavirus-in-der-schweiz/
https://doi.org/10.5694/mja2.50674
https://www.ncbi.nlm.nih.gov/pubmed/32572965
https://doi.org/10.1016/S0140-6736(20)30566-3
https://www.ncbi.nlm.nih.gov/pubmed/32171076
https://doi.org/10.1186/s12872-020-01816-3
https://doi.org/10.3390/v13020202
https://www.ncbi.nlm.nih.gov/pubmed/33572857
https://doi.org/10.3390/ijerph18052695
https://doi.org/10.1097/PHM.0000000000001549
https://www.covid19.admin.ch/de/hosp-capacity/total
https://www.covid19.admin.ch/de/hosp-capacity/total
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1136/thx.42.10.773
https://doi.org/10.1016/0003-9993(94)90384-0
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.23937/2469-5858/1510030
https://doi.org/10.1016/S0895-4356(03)00115-X
https://doi.org/10.1164/rccm.201908-1590ST
https://www.ncbi.nlm.nih.gov/pubmed/31613151
https://doi.org/10.4187/respcare.02786
https://www.ncbi.nlm.nih.gov/pubmed/23901131
https://www.covid19.admin.ch/de/vaccination/persons?geoAge=A_65_PLUS&vaccZoomDev=2021-06-28_2022-12-12&vaccZoomDemo=2021-06-27_2022-12-11&geo=CH
https://www.covid19.admin.ch/de/vaccination/persons?geoAge=A_65_PLUS&vaccZoomDev=2021-06-28_2022-12-12&vaccZoomDemo=2021-06-27_2022-12-11&geo=CH
https://www.covid19.admin.ch/de/vaccination/persons?geoAge=A_65_PLUS&vaccZoomDev=2021-06-28_2022-12-12&vaccZoomDemo=2021-06-27_2022-12-11&geo=CH
https://doi.org/10.1016/j.rehab.2022.101722
https://www.ncbi.nlm.nih.gov/pubmed/36549046
https://doi.org/10.3390/biology11060937
https://doi.org/10.1016/j.rmed.2016.02.006

Int. |. Environ. Res. Public Health 2023, 20, 5907 11 of 11

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Buesching, G.; Zhang, Z.; Schmid, ]J.-P; Sigrist, T.; Khatami, R. Effectiveness of Pulmonary Rehabilitation in Severe and Critically
111 COVID-19 Patients: A Controlled Study. Int. ]. Environ. Res. Public Health 2021, 18, 8956. [CrossRef]

Spielmanns, M.; Schulze, S.T.; Guenes, E.; Pekacka-Falkowska, K.; Windisch, W.; Pekacka-Egli, A.M. Clinical Effects of Pulmonary
Rehabilitation in Very Old Patients with COPD. J. Clin. Med. 2023, 12, 2513. [CrossRef]

Gabunia, S.; Harmon, E.Y.; Sonagere, M.B.; Teale, A.E. Characteristics and Outcomes of COVID-19 Survivors Requiring Inpatient
Rehabilitation: A Comparison of Two Waves. Am. . Phys. Med. Rehabil. 2023, 102, 206-213. [CrossRef]

Hendren, N.S.; Drazner, M.H.; Bozkurt, B.; Cooper, L. Description and Proposed Management of the Acute COVID-19 Cardiovas-
cular Syndrome. Circulation 2020, 141, 1903-1914. [CrossRef] [PubMed]

Bikdeli, B.; Madhavan, M.V,; Jimenez, D.; Chuich, T.; Dreyfus, I.; Driggin, E.; Nigoghossian, C.D.; Ageno, W.; Madjid, M.; Guo,
Y.T,; et al. COVID-19 and Thrombotic or Thromboembolic Disease: Implications for Prevention, Antithrombotic Therapy, and
Follow-Up. JACC State-of-the-Art Review. JACC 2020, 75, 2950-2973. [CrossRef] [PubMed]

Potere, N.; Valeriani, E.; Candeloro, M.; Tana, M.; Porreca, E.; Abbate, A.; Spoto, S.; Rutjes, A.W.S.; Nisio, M.D. Acute complications
and mortality in hospitalized patients with coronavirus disease 2019: A systematic review and meta-analysis. Crit. Care 2020, 24, 389.
[CrossRef] [PubMed]

Carfi, A.; Bernabei, R.; Landi, F. Persistent symptoms in patients after acute COVID-19. JAMA 2020, 324, 603-605. [CrossRef]
[PubMed]

Jacobs, L.G.; Gourna Paleoudis, E.; Lesky-Di Bari, D.; Nyirenda, T.; Friedman, T.; Gupta, A.; Rasouli, L.; Zetkulic, M.; Balani, B.;
Ogedegbe, C.; et al. Persistence of symptoms and quality of life at 35 days after hospitalization for COVID-19 infection. PLoS ONE
2020, 15, 0243882. [CrossRef]

Lenoir, A.; Christe, A.; Ebner, L.; Beigelman-Aubry, C.; Bridevaux, P.O.; Brutsche, M.; Clarenbach, C.; Erkosar, B.; Garzoni, C.;
Geiser, T.; et al. Pulmonary Recovery 12 Months after Non-Severe and Severe COVID-19: The Prospective Swiss COVID-19 Lung
Study. Respiration 2023, 102, 120-133. [CrossRef]

Sundh, J.; Ekstrém, M.; Palm, A.; Ljunggren, M.; Emilsson, O.1; Grote, L.; Cajander, S.; Li, H.; Nyberg, E. COVID-19 and Risk
of Oxygen-Dependent Chronic Respiratory Failure: A National Cohort Study. Am. J. Respir. Crit. Care Med. 2022, 15, 506-509.
[CrossRef]

Orzes, N.; Pini, L.; Levi, G.; Uccelli, S.; Cettolo, F; Tantucci, C. A prospective evaluation of lung function at three and six months
in patients with previous SARS-COV-2 pneumonia. Respir. Med. 2021, 186, 106541. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/ijerph18178956
https://doi.org/10.3390/jcm12072513
https://doi.org/10.1097/PHM.0000000000002059
https://doi.org/10.1161/CIRCULATIONAHA.120.047349
https://www.ncbi.nlm.nih.gov/pubmed/32297796
https://doi.org/10.1016/j.jacc.2020.04.031
https://www.ncbi.nlm.nih.gov/pubmed/32311448
https://doi.org/10.1186/s13054-020-03022-1
https://www.ncbi.nlm.nih.gov/pubmed/32616077
https://doi.org/10.1001/jama.2020.12603
https://www.ncbi.nlm.nih.gov/pubmed/32644129
https://doi.org/10.1371/journal.pone.0243882
https://doi.org/10.1159/000528611
https://doi.org/10.1164/rccm.202202-0323LE
https://doi.org/10.1016/j.rmed.2021.106541

	Introduction 
	Materials and Methods 
	Pulmonary Rehabilitation Program 
	Six-Minute Walk Test (6-MWT) 
	Chronic Respiratory Disease Questionnaire (CRQ) 
	Functional Independence Measure (FIM) 
	Hospital Anxiety and Depression Scale (HADS) 
	Cumulative Illness Rating Scale (CIRS) 
	Feeling Thermometer (FT) 
	Pulmonary Function Tests (PFT) and Blood Gas Analysis 
	Statistical Analysis 

	Results 
	Patient Characteristics at Admission to Pulmonary Rehabilitation 
	Independent Variables Predicting Pulmonary Rehabilitation Outcomes 
	Wave 1 + 2 versus Wave 3 + 4 Patients Characteristics Prior to COVID-19 Infection 
	Complications Due to COVID-19 Infection and Pulmonary Rehabilitation Outcome 

	Discussion 
	Conclusions 
	References

