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Abstract

There is a lack of interventions that treat the Post-Covid-19 Condition (PCC) itself. Accordingly, treatment guidelines recom-
mend physiotherapy interventions to alleviate symptoms and enhance functioning. In cases where unimodal treatments prove
ineffective, non-organ-specific multidisciplinary bio-psycho-social rehabilitation (MBR) programs are a suitable option. In a
pilot observational study with assessments at the entry and end of treatment we aimed to evaluate the feasibility of a 3-week
day clinic MBR program and explore its effects on physical functioning in PCC patients with fatigue and reduced physical
capacity. Patient selection was based on an interdisciplinary assessment involving a physician, a psychologist and a physi-
otherapist. Feasibility was determined based on full participation (>8 of 9 days) and maintenance of stable endurance in
the 6-Minute Walk Test (6MWT). From 37 patients included in the study, 33 completed the MBR (mean age: 43 + 12 years,
73% female). Four patients discontinued the MBR, with two of them having reported deterioration of PCC symptoms. The
6MWT showed a numerical improvement from 501 +97 m to 512 + 87 m, although it did not reach statistical significance.
These results support the feasibility of outpatient MBR with a focus on active physiotherapy interventions in PCC patients
with fatigue. This study aligns with previous research supporting the effectiveness of physiotherapy and rehabilitation in
PCC patients. However, further research is needed to address possible different treatment responses and varying treatment
approaches in subgroups of PCC patients.
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Introduction

The World Health Organization (WHO) defines the Post-
Covid-19 condition (PCC) “as the continuation or develop-
ment of new symptoms 3 months after the initial SARS-
CoV-2 infection, with these symptoms lasting for at least
2 months with no other explanation [1]. Common symptoms
in patients with PCC are fatigue, dyspnoea, muscle weak-
ness, myalgia, sleeping disorders, memory issues, anxiety
and depression [2—5]. These symptoms result in limitations
in activities of daily living, a reduced working ability and a
low quality of life [5-7].
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Due to a lack of interventions that treat the condition
itself, measures for symptomatic relief are of key impor-
tance. Accordingly, treatment guidelines recommend physi-
otherapy, complex rehabilitation interventions and advice
on self-management [8—13]. Rehabilitation is defined as “a
set of interventions designed to optimize functioning, health
and wellbeing, and reduce disability in people with health
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conditions in interaction with their environment” [14].
Rehabilitation of PCC patients should be multidisciplinary
including physical and psychological interventions [8, 15,
16]. The workforce may include physiotherapists, occupa-
tional therapists, psychologists and physicians with speciali-
zation in Physical and Rehabilitation Medicine (PRM) [9].

The WHO definition of PCC also includes all patients
with persistent symptoms after severe infections and treat-
ment in intensive care units. Some of these patients expe-
rience severe secondary neurological impairments of the
peripheral and central nervous system ("Post intensive Care
Syndrome, PICS") with cognitive, emotional and motor
impairments that differ from the characteristic impairments
of other subgroups of PCC patients [17]. Accordingly, these
patients should be treated in line with guidelines on post-
acute COVID-19 rehabilitation or PICS [17, 18].

Due to the new nature of PCC, rehabilitative measures
were initially based on established interventions addressing
PCC symptoms also found in other diseases such as fatigue
or shortness of breath [19]. In the meantime, several sys-
tematic reviews [20-26] have indicated the effectiveness of
some rehabilitation interventions. However, there is still an
urgent need for additional clinical studies that evaluate dif-
ferent settings of rehabilitation in different subpopulations
of PCC patients [23, 26].

In this article, we present a pilot observational study of
a multidisciplinary bio-psycho-social rehabilitation (MBR)
program with an emphasis on physiotherapy. As an introduc-
tion to this study, we present a review of physiotherapy in
PCC patients.

Review of physiotherapy in PCC patients

This review is based on 7 guidelines and clinical practice
recommendations related to PCC [8-13, 27] and on 7 sys-
tematic reviews identified through a literature search on
PubMed and Google Scholar [20-26]. The search strategy
is presented in an online resource (reference 1).

Physiotherapy

There is good evidence that physiotherapy treatments can
improve fatigue, dyspnoea, physical deconditioning, mus-
cle weakness, psychological function, and quality of life
in patients with chronic obstructive pulmonary disease
[28]. Since PCC patients share these symptoms, physi-
otherapy plays a key role in the treatment of patients with
PCC. Depending on the symptoms, physiotherapy should
be combined with neuropsychological trainings to improve
cognition, health education to strengthen the ability of cop-
ing with fatigue and limitations in daily life and work, and
psychiatric, psychological and psychosomatic therapy to
reduce depressive symptoms and anxiety.
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Before starting physical exercise training, physicians
should screen for risks where physical training could cause
an acute event or deterioration [27]. Therefore, a detailed
medical history and physical examination including neuro-
logical, functional and psychological status is recommended
for all patients [10]. In patients experiencing fatigue, other
causes of fatigue such as thyroid disease, vitamin B12 defi-
ciency, vitamin D deficiency, cardiac or hematologic/onco-
logic conditions should be excluded by respective laboratory
tests [12]. Furthermore, it is important to thoroughly assess
post-exertional symptom exacerbation (PESE), also known
as post-exertional malaise or dysautonomia, before starting
active treatment.

Patients with PESE report severe deterioration of symp-
toms like fatigue, cognitive dysfunction and exercise intol-
erance after physical or cognitive activity, which would not
have caused any problem before the diseases onset [9]. PESE
can be evaluated by standardized, validated self-reporting
instruments [29]. However, PESE remains very subjec-
tive which is also true for other typical symptoms of post-
COVID syndrome [30]. According to the WHO guideline,
patients with PESE ““are amenable to rehabilitation, their
presence will require interventions to be modified in view of
these diagnoses for rehabilitation to be safe” [9].

Shortness of breath, chest pain at low levels of exertion, a
high resting pulse or a fast increase in pulse rate at low levels
of exertion or a syncope can indicate a cardiac disease such
as myocarditis [13]. Patients presenting with these symp-
toms need a cardiac examination, as recommended by guide-
lines [10]. Patients with myocarditis should avoid graded
exercise therapy for three to six months.

Furthermore, autonomic dysfunction should be consid-
ered in patients who report intermittent sinus tachycardia,
orthostatic tachycardia, vasovagal syncope or orthostatic
hypotension [21]. Orthostatic tachycardia and orthostatic
hypotension can be assessed using the active stand test [31].

In patients with dyspnoea, structural pulmonary diseases
as pulmonary fibrosis should be considered. Additional
diagnostic approaches may include functional tests at rest
(especially pulmonary diffusion capacity, blood gas tests)
and under stress (6-min walk test, ergospirometry), chest
radiography and a blood test of D-Dimer [10]. However,
PCC patients often report dyspnoea without abnormalities
in lung function, imaging or cardiac examination [32].

Exertional oxygen desaturation should be evaluated using
pulse oximetry before active physiotherapy and recom-
mendations for sport [9]. It should be noted that exertional
oxygen desaturation may not be recognized by the patient
(silent hypoxemia). A decrease of 3% in oxygen desaturation
after mild exertion is considered abnormal [33]. If exertional
oxygen desaturation is observed, it should be ascertained
that pulmonary and cardiac diagnostics have been carried
out. If such diagnostics have not revealed any pathological
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findings, pulse oximetry during active physiotherapy is rec-
ommended to adjust the intensity of physical activity to pre-
vent a decrease in oxygen saturation exceeding 3%.
Moreover, physicians should screen for mental disorders
before recommending active physiotherapy. Patients with
depression may experience a lack of motivation and reduced
drive to engage in the recommended exercises. In these
patients, psychiatric treatment such as psychotherapy should
start prior or concurrently with active physical therapy.

Physiotherapy for specific symptoms and functional
impairments

Pulmonary physiotherapy was initially developed for
patients with chronic obstructive pulmonary disease
(COPD). Restrictions in diaphragmatic function may con-
tribute to the symptoms seen in COPD as well as after severe
COVID-19 [34, 35]. It includes training of the inspiratory
breathing muscles, training of the diaphragm and learning
breathing techniques with deep and slow breathing as well
as coughing exercises [36, 37]. This breathing pattern results
in less energy expenditure, less airway irritation, reduced
experience of breathlessness and less fatigue [13].

When treating patients with fatigue, it is important to
distinguish between the symptoms of fatigue and the full
picture of a chronic fatigue syndrome (CFS). The symptom
fatigue is an overwhelming, debilitating, and sustained sense
of exhaustion that decreases the ability to function and carry
out daily activities [38]. In patients with symptom fatigue,
there is good evidence for the effectiveness and safety of
exercise therapy cognitive behavioural therapy [25, 39].

Patients with CFS show additional symptoms. The Nice
guidelines define CFS with the four mandatory symptoms
debilitating fatigability, PESE, unrefreshing sleep and cogni-
tive difficulties [8]. However, in other case definitions, PESE
is a frequent, but not mandatory symptom [30]. Patients
with CFS require a multimodal therapy approach [9]. This
includes skills training on energy conservation techniques
such as pacing approaches, symptom-oriented physiother-
apy and offering psychological support to the patients. In a
multidisciplinary treatment concept, all health professionals
should educate patients on the concept of pacing. The pacing
concept has a positive effect on the number of PESE [40].

Regarding endurance and strength training with the prin-
ciple of a fixed steady increase in physical activity (“graded
exercise therapy = GRE”), there is an ongoing debate if GRE
should be recommended or not in PCC patients with CFS
[30]. The NICE guidelines recommend avoiding GRE for
PCC patients with CFS [8]. In contrast, a recent system-
atic review concluded that patients with CFS may benefit
from GRE [30]. According to our own experience, GRE
with careful titration of intensity improves endurance in the
majority of patients with PCC and fatigue. The severity of

PESE should be taken into account when recommending for
or against GRE. The Borg rating of the perceived exertion
scale (PRE) can be applied for monitoring the exertion of
patients [41].

PCC patients with physical deconditioning and muscle
weakness can benefit from cardiopulmonary endurance
training and muscle strength training according to the prin-
cipal of GRE. Combined endurance training and strength
training increases aerobic endurance, reduces fatigue and
result in a better quality of life in patients with PCC [42].

If patients do not improve sufficiently with physiother-
apy, the indication for complex rehabilitation interventions
should be considered.

Rehabilitation

The appropriate rehabilitation program for patients with
PCC depends on the main symptoms and organ lesions.
Patients with dyspnoea and reduced aerobic endurance can
be referred to pulmonary rehabilitation, patients with neu-
rological symptoms such as cognitive impairments or coor-
dination disorders to neurological rehabilitation, patients
with mental comorbidity or dysfunctional coping strategies
to psychosomatic rehabilitation, and patients with cardiac
impairment to cardiac rehabilitation. However, most patients
with PCC exhibit deficits in various areas of physical and
mental functions. Accordingly, a multidisciplinary approach
that combines treatments for the different symptoms and
functional limitations of the patients appears more suitable
than an organ-specific approach for many PCC patients [16].

The functional limitations of PCC patients are often men-
tally stressful and can lead to social problems in the pro-
fessional and family environment. Patients often feel them-
selves not properly understood, especially if they experience
poor physical and mental health despite normal findings in
the diagnostic procedures. Some patients react with social
disengagement. This can result in further worsening of PCC
symptoms such as fatigue and reduced physical and men-
tal capacity. To break this vicious circle, multidisciplinary
rehabilitation should address not only physical but also psy-
chological and social factors following the bio-psycho-social
model of functioning according to the International Clas-
sification of Functioning, Disability and Health (ICF) [43].
Initially, MBR programs were established in patients with
chronic back pain. Clinical studies and systematic reviews
demonstrated their effectiveness in improving pain and dis-
ability in patients with chronic low back pain and chronic
neck pain and for a long period of time [44—46].

MBR programs in PCC patients combine active physi-
otherapy as described above with occupational therapy,
psychological interventions, patient education and indi-
vidual counselling on social and professional problems. A
specific focus is on education on dealing with the disease
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and acquiring self-help strategies. In the following section,
we describe the MBR program at the Ludwig-Maximilian-
University Munich (LMU) University Hospital as an exam-
ple of an MBR program.

Multidisciplinary bio-psycho-social rehabilitation:
a pilot study

Objective and study design

The objective of this observational study was to evaluate the
feasibility of this PCC specific MBR program and to explore
its effects on physical functioning. This study is part of the
study “Continuous assessment of clinical course, outcome
and resources in patients treated for Post-COVID—Post-
COVID-Care”. It was approved by the institutional review
board at the medical faculty of Ludwig Maximilian Univer-
sity Munich (Project Number 21-1165) and carried out in
compliance with the Helsinki Declaration 2004. All partici-
pants provided informed consent prior to study participation.

Setting

The study was conducted at the day care clinic, PRM section
of the Musculoskeletal University Center Munich (MUM),
LMU University Hospital. Treatments were reimbursed by
the German health insurance companies.

Participants and interdisciplinary assessment

This MBR program is integrated into the interdisciplinary
PCC network of the LMU University Hospital. In this net-
work, patients with severe PCC (Post Covid-19 Functional
Status Scale (PCFS) score =3 or 4; grades: minimum =0;
maximum =4) [47] are initially seen in an interdisciplinary
PCC outpatient clinic by an internist and a psychiatrist on
referral from their general practitioner. Depending on the
complaints, the PCC outpatient clinic refers patients to other
departments such as pneumology, cardiology, neurology
or psychiatry. Patients are referred to the PRM section if
fatigue, severe physical deconditioning and muscle weak-
ness are the main problems, but a persistent heart or lung
lesion are excluded.

The PRM section of the MUM invites the referred
patients to an interdisciplinary assessment. This is con-
ducted by a specialist in Physical and Rehabilitation Medi-
cine (PRM), a psychologist and either a physiotherapist or
an occupational therapist. The assessment includes taking
the medical history, appraisal of previous medical reports,
patient-reported outcome measures (PROMs), standardized
clinical tests and psychological exploration.

At the assessment (TO), fatigue is measured by the fatigue
severity scale (FSS) [48], depressive symptoms and anxiety
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by the patient health questionnaire (PHQ-4) [49] and health-
related quality of life by the 5-Level EuroQol question-
naire (EQ-5D-5L) and the EuroQol visual analogue scale
(EQVAS) [50].

The FSS measures fatigue with nine questions [48]. Each
question is scored on a scale from 1 to 7. The total score is
the mean value. Patients scoring >4 are considered cases of
fatigue. The PHQ-4 includes two items for depression and
two items for anxiety [49]. Each response is scored on a
scale from O to 3. Accordingly, the sum scores for each scale
range from O to 6. Scores > 3 are considered cases.

The EQ-5D-5L comprises the dimensions mobility, self-
care, usual activity, pain/discomfort, and anxiety/depression
[50]. The EQVAS records overall health on a scale ranging
from O (= worst health status) to 100 (=best health status).

Physical endurance is assessed with the 6-min-walking
test (6GMWT) [51]. The mean walking distance for healthy
adults is 581+ 66.5 m for females and 608.7 +80.1 m for
males [52]. The minimal important difference in patients
with chronic obstructive pulmonary disease is 25 m [53].
After the 6BMWT, physical exertion is asked on the PRE
(Minimum =0, Maximum = 10) [41]. Muscle strength of
the lower extremities is tested with the 5-times sit-to-stand
test (SSTS) [54]. Both tests have been previously applied in
several studies on PCC according to a recently published
systematic review [26]. All assessors were trained physi-
otherapists or trained occupational therapists and followed
a written manual.

Predefined inclusion criteria in the MBR program are a
fatigue score > 3 on the FSS, disease severity grade 3 on the
PCEFS scale, 300 to 700 m in the 6BMWT, limitations of activ-
ities and participation, sufficient German language skills to
follow the instructions in the MBR program and less than
one hour travel time to the clinic. Patients were excluded
from the MBR program if they had active myocarditis. The
final decision for inclusion was based on the PROMs, the
clinical tests and the global judgment by the treatment team
that the patient would benefit from this treatment.

All participants of the MBR program from April 25, 2022
to March 28, 2023 who agreed and signed informed consent
were included in the study.

Intervention

This intensive outpatient MBR program has specific char-
acteristics that differ from typical inpatient rehabilita-
tion programs in Germany. It is not organ or specialty-
specific opposed to programs in rehabilitation clinics
that are usually associated with a clinical specialty, i.e.
pneumology. Treatment days alternate with free days to
avoid overloading the patients. In addition, the patients
can implement the content of the program in their home
environment on their days off. All patients in this MBR
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program have the same functional status and experience
fatigue. Furthermore, they have impairments in activities
of daily living and participation including workability.
The final decision on inclusion is made in an interdisci-
plinary assessment. This enables homogeneous treatment
groups and facilitates an adaptation of the contents to
individual capacity. This MBR program consists of only
nine treatment days in a period of three weeks compared
to usually 15 to 20 treatment days during three to four
weeks in German rehabilitation clinics.

Patients are treated on three days per week (Monday-
Wednesday-Friday or Tuesday-Thursday-Friday) for six
to seven hours each day including breaks of 15 min after
each treatment session and further breaks according to the
individual needs of the patients. The lunch break is 1.5 h.
During lunch break, patients have the option to lay down
on beds. Table 1 provides an overview of the content,
goals and structure of the program.

The interdisciplinary treatment team consists of spe-
cialists in PRM, physiotherapists, occupational therapists,
psychologists, medical masseurs and swimming trainers.
The overall goals of the MBR program are improving
symptoms and educating patients on coping with PCC.
Furthermore, individual treatment goals on the levels of
body functions, activities and participation according to
the International Classification of Functioning, Disability
and Health (ICF) [43] are defined on the first day of the
MBR program together with the patient. The physician
and psychologist discuss progress in these goals with the
patients in the weekly personal appointments. The treat-
ment team reviews the goals in group discussions at the
end of each week and adjusts the goals if necessary.

The total group size of maximum of ten patients is
divided into two subgroups of maximum 5 patients based
on their physical fitness and level of fatigue. All active
treatments take place in small subgroups. Furthermore, all
patients have individual appointments with the psycholo-
gist and the physician each week.

The initial intensity of physical training is adapted to
each patient’s individual physical performance accord-
ing to the 6MWT and the reporting of PESE symptoms.
Oxygen saturation during exercise is determined by pulse
oximetry. If oxygen saturation is stable and patients show
no signs of PESE, physical activity is gradually increased.
If patients show signs of PESE, the intensity of physi-
cal training is reduced. Patients are encouraged to repeat
some exercises at home on their days off with the aim of
profound internalization of the exercises. However, they
are asked to avoid overexertion. The treatment team pro-
vides information handouts to increase the sustainability
of the program.

Data collection

At TO, patients completed questionnaires and the treatment
team performed clinical tests as described above. At the
beginning of the MBR program (T1) and at its end (T2), the
clinical tests were repeated. Data were manually transferred
from the forms to an Excel datasheet by a study nurse. Meas-
ures for data cleaning have been reported elsewhere [46].

Outcome measures

The PROMS at TO included the FSS [48], the PHQ-4 [49],
the EQ-5D-5L and EQVAS [50]. Physiological outcomes
were assessed by the 6MWT [51], the Borg rating of PRE
after the 6MWT [41] and the 5STS [54]. The primary out-
come was the change of walking distance in the 6MWT. All
data were prospectively collected.

Analyses

Criteria for the feasibility of this MBR were full participa-
tion (at least 8 of 9 treatment days) and at least stable physi-
cal endurance in the 6BMWT. Reasons for early termination
of the program associated with the treatment as well as for
deterioration in physical endurance were retrospectively
identified in the records of the patients. The effects of ther-
apy on physical functioning were further explored by pre/
post analyses of the 5STS and the PRE.

Statistical analyses were performed with the software
package IBM SPSS Statistics 26 for windows. Changes
in outcomes between T1 and T2 are reported by descrip-
tive statistics. Statistical significance of changes was tested
by Wilcoxon signed rank-sum tests for dependent samples
because data were not normally distributed and the sample
size was small. According to the concept of minimal clinical
change in the 6BMWT, patients were divided into those with
improvement, those with no change and those with deterio-
ration. Differences between patients with deterioration in
the 6MWT compared to patients with stable or improved
6MWT were tested for statistical difference in sex and age
by Fischer exact test and independent #-test respectively.

Results

From April 25, 2022 to March 28, 2023, 70 patients were
included in this MBR program. Of these, 37 had agreed to
participate in the study. One terminated the MBR program
after two treatment days due to worsening fatigue. One
patient did not complete the treatment due to acute res-
piratory infection (no SARS-CoV-2 infection) and another
patient due to an acute ankle injury outside the MBR pro-
gram. Finally, one patient was excluded from the analysis of
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treatment effects because of missing two days of treatment
due to severe fatigue.

The participant characteristics, comorbidities and base-
line scores of the remaining 33 patients are presented in
Table 2. The mean age was 42.8 +12.0 years. Females
accounted for 72.7% of participants.

The most frequent comorbidities before SARS-CoV-2
infection were musculoskeletal and pain disorders (51.5%),
pulmonary diseases (33.3%), thyroid diseases (30.3%)
and cardiovascular disease including arterial hypertension
(27.3%). One-third of the patients showed depressive symp-
toms and one-third showed anxiety symptoms in the PHQ-4.
The mean fatigue score in the FSS was 5.7. The EQVAS
showed a much worse quality of life compared to the normal
German population (47.0 vs. 71.6) [55]. All 28 employed
persons were unable to work before the MBR program.

Table 3 presents the results of the clinical tests at T1
and T2. The 6MWT showed a numerical improvement
of the mean score from 500.6 +97.4 m to 512.0+87.4 m

Table 2 Participant characteristics at assessment (n=233)

Characteristic yes/no (N)  yes/no, valid %
or mean
(SD)

Age, mean yrs. (SD) 42.8 (12.0)

Female/Male 24/9 72.7/27.3
Comorbidities before SARS-COV-2
Pulmonary diseases 11/22 33.3/66.7
Cardiovascular diseases 9/24 27.3/72.7
Thyroid diseases 10/23 30.3/69.7
Psychiatric diseases 6/27 18.2/81.8
Musculoskeletal and pain disorders  17/16 51.5/48.5
Other health conditions, yes/no 9/24 27.3/72.3
Depression (PHQ-4)
>=3/<3 11/22 33.7/67.3
Mean (SD) 2.03 (1.5)
Anxiety (PHQ-4)
>=3/<3 11/22 33.7/67.3
Mean (SD) 1.94 (1.4)
Fatigue (FSS)
>=4/< =4 29/5 87.9/12.1
Mean (SD) 5.7(1.3)
EQVAS, mean (SD) 47.0 (16.6)
Education
Basic or middle school (9-11y)/ 11/22 38.0/62.0
High school (>11y)
Employed/Non-Employed 28/5 84.8/15.3
Workability yes/no 0/28 0/100
Marital Status
Living with partner/alone 20/13 60.6/29.4

Days PCR—Start MBR, mean (SD) 312 (162)
Days ASS—Start MBR, mean (SD) 33 (26)

@ Springer

Table 3 Outcome measures at entry to treatment and the end of treat-
ment

Entry End (SD)
Mean (SD) Mean
6-min walk, m 500.6 97.4 512.0% 87.4
PRE 4.35 2.17 4.53% 2.11
5 times sit-to-stand, s 14.0 6.3 13.1* 4.0

2All changes were not significant (p-values > 0.05)

which was not statistically significant. The PRE was almost
unchanged. According to the concept of the minimal
important difference, the 6 MWT improved in 13 patients,
remained stable in 14 patients and worsened in 6 patients.
In the 5STS, the little numerical improvements were not
significant.

Reasons for early termination of the MBR program

In two patients, not completing the MBR program was
probably associated with the MBR program itself. The only
patient with less than 300 m in the 6MWT (exactly 258 m)
terminated the MBR program after two treatment days. The
other patient missed two days due to deterioration of fatigue.
This patient had very severe fatigue at TO (FSS-score=6.8).
However, he returned to the MBR program and had a sta-
ble walking distance in the 6MWT (T1: 506 m; T2; 501 m)
and the exertion after the 6MWT was improved at T2 (T1:
PRE=35; T2: PRE=3). Very low physical capacity and very
high level of fatigue respectively may have caused premature
termination of the program by these two patients.

Causes for deterioration in physical endurance
at the end of the MBR program

The comparison of the six patients with deterioration com-
pared to patients with stable or improved 6MWT showed
no significant differences in the sex distribution (83.3% vs.
70.4%) and age (47.3 +8.0 years vs. 41.7 +12.8 years).
Two of the six patients had considerably high fatigue
scores of 6.7. Accordingly, symptom exacerbation due to
overloading is a plausible cause for deterioration. In one
patient, an iron deficiency (Fe 28 pg/dl; Ferritin 9 ng/dl)
and in another patient Vitamin-D-deficiency (12.5 ng/ml)
may have contributed to the unfavorable course of physical
endurance. [ron supplementation and Vitamin D supplemen-
tation started at the beginning of the MBR program. One
patient with pre-existing depression and panic attacks suf-
fered severe panic attacks in the middle of the program and
reported symptom exacerbation after this event. The sixth
patient with deterioration in the 6BMWT has reported a sub-
jective overall improvement in physical endurance. However,
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pre-existing muscle pain had increased in the last week of
the MBR. We suggest that this muscle pain may have caused
the patient to walk more slowly in the 6MWT.

Discussion

The results of this pilot study demonstrate the feasibility of
an MBR program in a day-care setting for PCC patients who
suffer from severe fatigue and a severely reduced functional
status. This MBR distinguishes itself from other rehabili-
tation programs through its non-organ-specific multidis-
ciplinary approach, the day-care setting, and the patient
selection based on interdisciplinary assessment. Another
unique aspect of this study is the detailed identification of
reasons for therapy discontinuation or deterioration during
the course of treatment.

In the present study, more than twice as many patients
improved their physical endurance compared to the number
of patients with deterioration. This confirms the WHO rec-
ommendation that active therapy is possible for the majority
of patients with PCC and fatigue [9]. However, the results
also showed that an active treatment program can lead to a
worsening of physical capacity in some patients. The indi-
vidual analysis of patients with deterioration suggest that
pre-existing or de novo mental health conditions, Vitamin
D deficiency and iron deficiency may be treated before the
start of a rehabilitation intervention.

We found four previous observational studies on PCC
rehabilitation that report a multidisciplinary treatment
approach combining physiotherapy interventions, therapeu-
tic education, and psychological sessions [16, 56-58]. All
of them report significant improvements in the 6SMWT with
larger effects compared to our study. One possible reason
for the larger effects is differences in the patient popula-
tion because patients in the present study showed at baseline
more severe fatigue, poor functional status and lower quality
of life compared to the four other studies. Another cause
for the small, non-significant improvement in our study is
the relatively small number of nine treatment days. Indeed,
based on the results of the present study, we have decided
to extend the MBR program from nine treatment days in
3 weeks to 12 treatment days in 4 weeks.

The positive effects of exercise-based rehabilitation and
respiratory training on physical functioning were also con-
firmed by a systematic review and meta-analysis based on
14 randomised controlled trials with a total of 1244 partici-
pants [26]. None of the interventions reported a multidisci-
plinary treatment approach. Patients had varying degrees of
dyspnoea, but the frequency and severity of fatigue was not
reported. The 6MWT was used in 7 trials. The mean walk-
ing distance improved by 36 m. These results suggest that
patients with PCC whose main problem is dyspnoea but who

do not have severe fatigue may benefit from physiotherapy
and rehabilitation alone and may not need the more complex
bio-psycho-social approach.

In this pilot study, PCC patients exhibited a greater
impairment in their functional status and experienced more
severe fatigue compared to earlier studies [16, 56-58]. The
evaluation of their quality of life indicated a significantly
greater impairment compared to other PCC subgroups [6,
57]. While our study demonstrated the feasibility and toler-
ability of a rehabilitation program emphasizing active physi-
otherapy in PCC patients with severe fatigue and low quality
of life, further research is needed to provide evidence of its
effectiveness.

The development of a generally acknowledged core set of
outcome measures could facilitate comparisons across stud-
ies and allow performing meta-analyses. Important domains
of outcome were defined in a sound international Delphi
consensus study [59]. According to the authors of that study,
consensus on the measurement instruments that are most
appropriate for each outcome is the aim of a second phase
of that project.

The present study has several limitations. Firstly, the
patients included in this study were pre-selected through
the interdisciplinary PCC outpatient of the LMU University
Hospital, which may affect the generalizability of the results
to other PCC populations. Secondly, the potential causes of
a decline in physical endurance from the start to the end of
the MBR in some patients were retrospectively collected
from medical records. Consequently, it is possible that the
associations between suspected causes and outcomes are
coincidental rather than causal. Thirdly, the medium and
long-term effects of the intervention were not investigated,
as our primary focus was to promptly disseminate insights
into multidisciplinary, non-organ-specific rehabilitation for
severely affected PCC patients.

Conclusions

To further improve the evidence on the effectiveness of phys-
iotherapy and rehabilitation in PCC patients, future clinical
trials should consider using control group designs, include
higher numbers of participants and collect data about the
health status before SARS-CoV-2-infection. A comprehen-
sive description of the content of the intervention is essen-
tial to facilitate comparison between different interventions.
Furthermore, it is important that adverse events and reasons
for early termination are reported. Another important ques-
tion is whether intensive, outpatient MBR programs like the
one presented here, or inpatient treatment programs, show
better outcomes.

Another important field of research is the evaluation of dif-
ferent treatment responses in patients that differ in the causes of
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PCC. Since many causes for PCC have been described, it can
be assumed that patients with different causes for PCC require
different therapeutic approaches. Linking basic research and
clinical research could help to develop treatment strategies that
best fit to specific subgroups of patients with PCC.

The high number of 169 registered studies in the WHO
internal clinical trial registry platform in September 2022
in the field of rehabilitation of patients with PCC suggests
further relevant evidence in the next future [60].

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00406-023-01747-y.
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