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Abstract: In this retrospective study, we used data from the hospital information system (HIS) to
evaluate the influence of the COVID-19 pandemic on rehabilitation care at the University Hospital
of Ostrava (UHO). From March 2020 to December 2021, 5173 COVID-19 cases were hospitalized at
UHO. Cases within individual groups and categories are shown in a flowchart. The average patient
age was 64.9 ± 16.9 years. The mean BMI value was 30.6 ± 6.8 in the rehabilitated group, which was
significantly higher compared to that among the non-rehabilitated cases 29.1 ± 6.9 (p < 0.001). Among
the admitted patients, 16.6% required artificial pulmonary ventilation (APV), 1.8% extracorporeal
membrane oxygenation (ECMO), and 11.9% high-flow oxygenation (HF). The days of rehabilitation
ranged from 1–102 days. Among all rehabilitated patients, 92.0% (n = 1302) had a hospitalization
duration ranging from 1–15 days and 8.0% (n = 114) longer than 15 days. Overall, rehabilitation
care plays an important role in providing exercise, mobilization, and rehabilitation interventions to
survivors of critical illness associated with COVID-19, enabling the early and functional return to
home, and it must, therefore, be integrated into the clinical care of patients with COVID-19.

Keywords: rehabilitation; COVID-19; physical activity; public health; physical therapy; artificial
pulmonary ventilation

1. Introduction

The infection known as coronavirus disease 2019 (COVID-19), reported in China in
2019, spread worldwide very rapidly and was characterized by the World Health Orga-
nization (WHO) as a pandemic on 11 March 2020. Rehabilitation units have faced the
challenges of supporting both physical and cognitive recovery and have played a crucial
role in reducing disability to enable the reintroduction of patients into the community.
Importantly, early mobilization and rehabilitation may help to prevent or mitigate seque-
lae related to bed rest, thereby improving physical function and outcomes and reducing
the length of hospitalization by increasing ventilator-free days [1]. At the beginning of
this pandemic, general recommendations were provided based on recent information, and
guidelines were developed for respiratory physiotherapy for COVID-19 patients. Pandemic
restrictions have required many health facilities to limit their provision of rehabilitation
services. Cancellations and limitations of planned operations and procedures have also
affected the availability of rehabilitation. Some patients have avoided visits to rehabilitation
clinics due to fears of infection, which has negatively affected their health [2–4].

Between 2020 and 2022, there have been many updates to the recommendations for
physiotherapy management and rehabilitation among COVID-19 patients in the acute
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hospital setting. In our present study, we focused on the situation in the Czech Republic.
The available literature mainly presents general advice. Reports from March 2020 describe
the physiotherapy needs of patients in intensive care units (ICUs) who may suffer from
ICU-acquired weakness or acute respiratory distress syndrome (ARDS) and recommend
increased numbers of physiotherapists [5–7]. However, this general advice could not easily
be applied. In September 2020, an update of systematic reviews related to rehabilitation
and COVID-19 revealed a lack of information on this specific topic [8].

In April 2022, updated material regarding physiotherapy management was published.
This update focused on maintaining the availability of health care, including outpatient
treatment, for non-COVID-19 patients. This update stated that physiotherapy should not
be routinely indicated for all patients with COVID-19 and that therapists should first use
available options for indirect contact with the patient to minimize the risk of exposure to
COVID-19. Moreover, a detailed examination and physiotherapy should be indicated in
cases of severe disease with prolonged bed rest and critical disease [9].

Early recommendations for hospital-based physiotherapy were mostly defined by
safety guidelines and treatment recommendations, including staffing. Treatment ap-
proaches for different phases were also established. During hospital-based physical therapy
for the management of COVID-19, one should always consider the benefits of hands-on
physiotherapy treatment versus the risk of virus transmission [10].

A rapid systematic review shows the importance of progressive exercise programs,
early mobilization, and multicomponent interventions in the ICU, which can improve
functional independence. The evidence regarding rehabilitation after discharge from the
hospital (following an ICU admission) is inconclusive. Rehabilitation care can significantly
help in shortening the length of stay at individual levels of hospitalization and substantially
contributes to the improvements of patients’ functional results, such as mobility, self-
sufficiency, and independence in movement and walking. There remains a need for further
research to better understand the rehabilitation needs of COVID-19 patients [11].

Inpatient rehabilitation facilities should be considered as a discharge location after
severe COVID-19 infections. The average length of stay at an inpatient rehabilitation facility
is reportedly about 11 days, although it is unclear what percentage of patients received
inpatient rehabilitation [12]. One study has reported a good experience with the creation of
a specialized rehabilitation hospital for post-acute conditions of COVID-19 [13]. It seems
that among all patients hospitalized for COVID-19, about 25% require rehabilitation for post-
COVID-19 conditions [14], with the greatest post-acute rehabilitation needs being among
patients with co-morbidities, such as hypertension, diabetes, or coronary diseases [15].

One study reported the inpatient bed occupancy and the predicted need for reha-
bilitation in two large teaching hospitals in London. It captured data from just a single
day to predict the rehabilitation needs after discharge and established a model, including
four pathways of discharge. The study predicted that 50% of people would be simply
discharged without further need for care, ~45% would be able to return home with some
kind of support from health or social care, ~4% might need rehabilitation in a bedrest
setting, and the remaining 1% would not be able to be discharged from acute care. The
authors collected real data and compared them with this predicted model. They focused
on the last two pathways (i.e., the last 5% of patients), and they found that the real per-
centages of patients following these two discharge pathways exceeded those expected in
the assessed model by more than five times [16]. Several factors have been identified as
potentially associated with post-acute rehabilitation needs, including age above 65 years,
oxygen needs, status after mechanical ventilation or tracheostomy, dyspnea, and a high
level of dependency for activities of daily living [17–19].

The clinical characteristics of post-ICU patients often include exercise-induced de-
saturation (an arterial oxygen saturation lower than 88%), muscle weakness, and a low
outcome in functional tests [20]. To identify the benefits of long-term rehabilitation, it is
recommended to use variable measurement tools for objectivization. Most studies have
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focused on functional outcomes and have used a tool like the Barthel index, 10 sit-to-stand
test, or grip strength test [20–22].

Risk factors for hospital admission have been set, as described above, and about 6%
were admitted to the ICU only and 11% were re-admitted after discharge [23–25]. Objective
tools for discharge have been set, especially in terms of respiratory values [26–28].

Health workers may also suffer from post-acute COVID-19 syndrome, with some
persisting symptoms, such as fatigue, shortness of breath, etc. [29]. Respiratory and muscu-
loskeletal or neuropsychological conditions after four weeks might be identified as long
COVID-19 signs [30]. Some data show discrepancies between the estimated importance of
specific examinations and treatment techniques and the level of current experience among
physiotherapists. Such findings indicate an urgent need to develop new professional edu-
cation and training programs with a focus on the interdisciplinary rehabilitation of patients
with post-COVID-19 syndrome [31,32].

Our research questions were as follows: “What is the most important factor associated
with the need for, and length of, rehabilitation required during acute hospitalization?” and
“What are the actual caseloads in different discharge categories?”.

2. Materials and Methods
2.1. Data Settings

This retrospective study from the hospital information system (HIS) was approved
by the Local Ethics Committee, University Hospital Ostrava nr. 971/2021. We evaluated
data from the period of March 2020–December 2021. The analysis included only patients
18–99 years of age and did not include any data from the pediatric population. We also
excluded data from patients with psychiatric diagnoses or patients in palliative care. The
analyzed data set included repeated hospitalizations of the same person, including a new
hospitalization in a different department of the hospital (transfer to another department).
This inclusion is important in terms of the number of referrals for rehabilitation for the
same patient. Cases within individual groups and categories are shown in a flowchart
(Supplement S1).

Our results mainly focused on the topics of intensive care and BMI. We identified
groups of cases admitted to intensive care units, including those receiving artificial pul-
monary ventilation (APV), extracorporeal membrane oxygenation (ECMO), or high-flow
oxygenation (HF). We also identified cases of patients with obesity (BMI > 30). We compared
the cases that underwent some kind of rehabilitation treatment (rehab group) versus those
that were not indicated for rehabilitation at all (non-rehab group). Multiple comparisons
were made among these groups.

Among the hospitalized patients, we identified the number of health transfers to
different types of care, discharges to home, and the number of deaths. We particularly
focused on the discharge of the rehabilitation group. The cases can be divided into four
general categories: Category A, cases discharged to home or outpatient care; Category
B, cases requiring follow-up hospitalization in an acute-care bed of the same or another
medical facility; Category C, cases requiring follow-up hospitalization in a follow-up-care
bed of the same or another medical facility or requiring transfer to a social care facility; and
Category D, cases of death.

2.2. Statistical Methods

Data regarding the quantitative parameters were processed by descriptive statistics
using the mean and standard deviation. Qualitative data were presented as the number
of observations (n, %). No imputations were performed for missing data. Patients with
missing body mass index (BMI) data were excluded from the statistical analysis for the
relevant parameters. Differences in proportions were examined using a chi-squared test.
Before the statistical testing of quantitative parameters, the normality of the data was
verified using the Shapiro–Wilk test. If normality was rejected, non-parametric methods
were used. Between-group comparisons were made using the independent sample t-test
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and F-test in the case of normally distributed data and non-parametric Mann–Whitney
U test. Correlations between different types of scores were explored by the Spearman
and Pearson correlation coefficient. All tests were performed at a 5% significance level.
Statistical analyses were performed using the software Stata/BE 17.0.

3. Results
3.1. Basic Characteristics of the Study Group

There was a total of 5173 cases of COVID-19 admitted to the University Hospital
Ostrava during March 2020–December 2021. The average age was 64.9 ± 16.9; males
constituted 54% (2783/5173) and females 46% (2390/5173) of cases. There were 27.4%
(1416) of cases in the rehabilitation group.

The duration of active rehabilitation ranged from 1–102 days. Within the rehab
group, 92.0% (1302/1416) had a rehabilitation duration ranging from 1–15 days, while the
remaining 8.0% (114/1416) underwent rehabilitation for longer than 15 days (Figure 1).
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Figure 1. Duration of rehabilitation (n = 1416).

Figure 2 shows comparisons of the rehab and non-rehab groups during the whole
study period.

Rehabilitation was indicated in 27.4% (1416/5173) of cases, which included 31% of
male patients (850/2783) and 24% of female patients (566/2390). The mean age of the
rehabilitated patients was 64.6 years, not significantly different from the non-rehabilitated
groups. A detailed description of the groups is shown in Table 1.

Table 1. Detailed rates in the rehab and non-rehab groups.

Groups Non-Rehab n (%) Rehab n (%) Total n (%) p-Value
(t-Test/Chi2 Test)

Males n (%) 1933 (51.5) 850 (60.0) 2783 (53.8)
Females n (%) 1824 (48.5) 566 (39.9) 2390 (46.2)

Total n (%) 3757 (72.6) 1416 (27.4) 5173 (100) p < 0.001 2

Mean age 65.0 64.6 64.9 p = 0.49
Age Std. dev. 17.6 14.6 16.9
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Table 1. Cont.

Groups Non-Rehab n (%) Rehab n (%) Total n (%) p-Value
(t-Test/Chi2 Test)

BMI < 24.99 n (%) 980 (28.5) 264 (19.8) 1244 (26.0)
BMI 25–29.99 n (%) 1193 (34.7) 431 (32.3) 1624 (34.0)
BMI 30–34.99 n (%) 770 (22.4) 353 (26.4) 1123 (23.5)

BMI > 35 n (%) 500 (14.5) 288 (21.6) 788 (16.5)
BMI Total 1 n (%) 3443 (72.0) 1336 (28.0) 4779 (100) p < 0.001 3

Mean BMI 29.1 30.6 29.5 p < 0.001
BMI Std. Dev. 6.9 6.8 6.9

Non-APV n (%) 3472 (92.4) 844 (59.6) 4316 (83.4)
APV n (%) 285 (7.6) 572 (40.4) 857 (16.6) p <0.001 3

Non-ECMO n (%) 3736 (99.4) 1346 (95.1) 5082 (98.2)
ECMO n (%) 21 (0.6) 70 (4.9) 91 (1.8) p < 0.001

Non-HF n (%) 3450 (91.8) 1105 (78.0) 4555 (88.0)
HF n (%) 307 (8.2) 311 (22.0) 618 (12.0) p < 0.001

1 Missing data were excluded. 2 t-test. 3 chi2 test.
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Figure 2. Number of cases in the rehabilitated and non-rehabilitated groups during each month of
the study period (n = 5173).

3.2. BMI and Cases from Intensive Care

We particularly focused on the cases that required ICU admission for APV, ECMO, or
HF, as well as cases of patients with obesity. The analysis of BMI included 4770 cases due
to missing data. Within this sample, 40% of patients had obesity (BMI > 30). The mean BMI
value was 30.6 ± 6.8 in the rehabilitated group, which was significantly higher compared
to that among the non-rehabilitated cases of 29.1 ± 6.9 (p < 0.001) (Table 1).
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Among all analyzed hospitalizations, 16.6% involved APV, 1.8% ECMO, and 11.9%
HF. Not all of the patients requiring these treatments were indicated for rehabilitation.

The rehab and non-rehab groups significantly differed in their rates of APV (40% vs.
8%; p < 0.001), ECMO (5% vs. 0.6%; p < 0.001), and HF (22% vs. 8%; p < 0.001) (Table 1).

Among patients who required APV, ECMO or HF, the BMI value was significantly
higher in the rehab group compared to the non-rehab group (p = 0.002) (Tables 1 and 2).

Table 2. BMI distribution according to the different group.

Groups BMI < 24.99 n
(%)

BMI 25–29.99
n (%)

BMI 30–34.99
n (%)

BMI > 35 n
(%)

BMI Total 1 n
(%)

p-Value (Chi2

Test)

Non-APV n (%) 1144 (28.9) 1374 (34.8) 884 (22.4) 552 (14.0) 3954 (100)
APV n (%) 100 (12.1) 250 (30.3) 239 (29.0) 236 (28.6) 825 (100) p < 0.001

Non-ECMO n (%) 1237 (26.4) 1605 (34.2) 1095 (23.4) 753 (16.1) 4690 (100)
ECMO n(%) 7 (7.9) 19 (21.4) 28 (31.5) 35 (39.3) 89 (100) p < 0.001

Non-HF n (%) 1153 (27.6) 1432 (34.2) 959(22.9) 641 (15.3) 4185 (100)
HF n (%) 91 (15.3) 192 (32.3) 164 (27.6) 147 (24.8) 594 (100) p < 0.001

Total BMI group n (%) 1244 (26.0) 1624 (34.0) 1123 (23.5) 788 (16.5) 4779 (100)
Single therapist n (%) 195 (19.3) 320 (31.6) 277 (27.4) 221 (21.8) 1013 (100)
Second assistant n (%) 69 (21.4) 111 (34.4) 76 (23.5) 67 (20.7) 323 (100) p = 0.454

Total Single and
Assistant group n (%) 264 (19.8) 431 (32.3) 353 (26.3) 288 (21.6) 1336 (100)

1 Cases with missing BMI data were excluded, such that this analysis included only 323 of 337 cases for which a
second therapist was required for rehabilitation.

3.3. Evaluation of the Difficulty of Rehabilitation

Among patients who underwent rehabilitation, we monitored the need to delegate
more than one therapist to the intervention. Assistance (i.e., more than one therapist)
was required for 337 cases (23.8% of the rehab group and 6.5% of the entire set). After
excluding cases from this group that were missing BMI data, the average BMI value was
30.1 ± 6.6 among the 323 cases that required more than one therapist for rehabilitation.
The distribution of BMI did not significantly differ according to the need for assistance in
rehabilitation (p = 0.454) (Table 2).

3.4. Termination of Hospitalization

Of the total number of patients hospitalized with COVID-19, 14% died (group D), 37%
were transferred to different types of care (groups B and C), and 41% were discharged
home (group A) (Figure 3).

Compared to the non-rehab group, the rehab group exhibited significantly worse
outcomes in terms of the category of discharge (p < 0.001). The percentages of patients
discharged home were 34% in the rehab group vs. 55% in the non-rehab group. The
corresponding percentages of patients requiring subsequent hospitalization (categories
B + C) were 52% vs. 32%, respectively, and the corresponding percentages of patients who
died were 14% in the rehab group and 13% in the non-rehab group (Figure 3).
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4. Discussion

In this study, we evaluated the established procedures using available data from the
regional university hospital (a region with a population of approximately 1.2 million inhab-
itants). The aim was to outline an ideal model of the rehabilitation process and adequate
rehabilitation capacity. Our findings and general recommendations for rehabilitation in the
ICU have been incorporated into the care of our patients.

Early and daily mobilization is applied 5–6 times/week, including at least a 30 min
exercise session as part of a progressive exercise program [11]. For patients with COVID-19,
their current state of health and ability to handle the exercise load is decisive regarding
their length of rehabilitation. Notably, the need for early rehabilitation applies only to
a certain percentage of high-risk patients who are admitted to the ICU. Rehabilitation is
required for up to 67% of patients on APV, 78% of patients on ECMO, and ~50% of patients
on HF. Personnel capacities in intensive care had to be substantially strengthened. Some
authors have reported that physiotherapy management in these acute wards is focused on
three aspects: respiratory, motor, and prevention of complications [25].

The follow-up acute rehabilitation program was focused on patients who no longer had
to be in the intensive care unit, whose condition (due to prolonged hospitalization or severe
course of COVID-19) required further rehabilitation and who could not be discharged to
home treatment due to their current state of health. Among patients who received the
rehabilitation intervention in the acute and sub-acute departments, 92% of rehabilitation
interventions lasted between 1–15 days. The rehabilitation intervention lasted longer than
15 days in only a small percentage of patients (8%), which corresponds to the conclusions
of other authors [12].

Although we did not establish a rehabilitation hospital [13], parts of some workplaces
were set aside to deal with patients who had experienced COVID-19 and the need for
rehabilitation. The planning of these capacities and their subsequent use have not been
evaluated in the Czech Republic and are not the subject of the study. Our healthcare system
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did not choose to establish specific hospitals for rehabilitation after COVID-19, however,
rehabilitation capacities were allocated across the healthcare system in the Czech Republic.

At the beginning of the COVID-19 pandemic, there was uncertainty about the in-
dications for physiotherapy. This hesitation is why the number of indicated cases was
low during the first two months. In the following months, the number of cases increased
(roughly from May 2020) because it became necessary to focus on cases where rehabilitation
was clearly indicated. Rehabilitation was needed for cases with a prolonged course of the
disease, and effort was made to ensure that rehabilitation could be provided when required.
Although we had already perceived the need for rehabilitation in the initial stages of the
pandemic, this need had to be addressed with respect for the maximum safety of medical
personnel. There was a certain lack of personal protective equipment (PPE) available for
the field of rehabilitation, as priority was given to nursing and intensive care.

The availability of further follow-up rehabilitation should also depend on the patient’s
limitations in functions, activities, and participation, as defined by the International Clas-
sification of Functioning, Disability and Health (ICF). We presently monitor the severity
of disability only for hospitalizations in acute rehabilitation, not in detail for patients in
the ICU. The current system only uses the Barthel index assessment, which we consider
insufficient. This tool was not used as a standard upon discharge from the ICU.

Regarding follow-up outpatient care options, there is currently only screening in the
so-called post-COVID-19 outpatient clinic for patients who have experienced COVID-19.
Patients are not targeted. Post-ICU follow-up clinics are also available, which provide more
systematic monitoring. In this area, we see the current system of recording severe cases of
COVID-19, including a more detailed assessment of each patient’s functional abilities.

A number of studies have tried to define the relationship between obesity and COVID-
19 severity or death. Moreover, several other conditions have been examined in this context,
including asthma, chronic kidney disease, and diabetes. Our present analysis revealed
that the BMI was significantly higher in the group that underwent rehabilitation. We also
found that each of the groups that received APV, ECMO, or HF had a higher need for
rehabilitation. Other studies have reported an association between hospitalization and
obesity [26,27]. The reported duration of stay in the ICU has ranged from 5–19 days and the
subsequent overall rehabilitation length of stay from 10–14 days. Analysis of health system
issues has also identified the lack of an existing comprehensive rehabilitation system or
a disaster-response system that includes rehabilitation. Data from a 1.5-month period
at a teaching hospital in France supports the observation that ICU-acquired weakness
(estimated in 88% of patients in the ICU) and difficulty in weaning patients from APV (9%)
may be associated with post-ICU rehabilitation needs [17–19].

The rehabilitation process for COVID-19 patients has higher time requirements. This
includes the time that must be devoted to preparation before and after rehabilitation
(management of hygiene and protective work equipment), as well as a longer time for
the management of the patient in isolation mode and a longer rehabilitation process itself.
In patients with a severe and critical disease course, we can expect that physiotherapy
will not be well-managed by just one therapist, even in cases of assistance within the
framework of a multidisciplinary team. Particularly in cases where a patient has a higher
risk profile (e.g., in terms of age, BMI, comorbidities, APV-dependence, etc.), it can be
assumed that the assistance of another skilled physiotherapist will be necessary, for example,
to help with patient verticalization and mobilization. These factors increase the number
of physiotherapists needed to provide healthcare for these patients. Physiotherapy was
profiled, particularly in cases with a severe and critical course of the disease and in patients
requiring a stay in the ICU. According to the currently available data, the next group of
patients requiring physiotherapy will be the patients with post-COVID-19 syndrome.

We identified the need to define and then evaluate the necessity of involving another
therapist in the rehabilitation process, with the mean BMI as well as the receipt of APV,
ECMO, or HF as factors. It turns out that a high BMI value was not statistically significant
and, therefore, the only determining factor for the need for a second therapist. These
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parameters were not previously monitored, or it was not possible to read them from the
code designations of the reported rehabilitation. That is why the so-called signal code was
introduced to help another therapist. The implementation of the code within therapy helped
on two fundamental levels. The first level is the forensic point of view, which enables
us to clearly identify another member of the team who worked with the patient. The
second level is the possibility of retrospectively determining whether the given patient had
demanding needs from the perspective of rehabilitation management. This system enables
better monitoring of the necessity for involvement and participation of the individual
team members.

Based on the current limited evidence, disease management of long-COVID-19 signs
and symptoms will require a holistic longitudinal follow-up in primary care, multidisci-
plinary rehabilitation services, and the empowerment of affected patient groups [27–31].
The use of remote telerehabilitation elements may be helpful. The goal is to provide rehabil-
itation where it is absolutely necessary and in a manner that is safe and effective, both in the
field of acute care and also in the aftermath of COVID-19 illness. At the same time, it is also
necessary to maintain sufficient capacities of acute rehabilitation for other rehabilitation
diagnoses (e.g., strokes, polytraumas, etc.).

This study may have several limitations. The study covers a relatively long period
of the COVID-19 pandemic in the Czech Republic. During this time period, there were
mutations of the virus and gradually increasing vaccination coverage among the population.
These changes could have significantly affected the course and symptomatology of the
disease and thereby also affected the need for rehabilitation. Additionally, the BMI was not
detected in all patients, especially in patients who were admitted in a critical condition. At
the same time, it was not possible to validly verify data from other parts of the patient’s
documentation. The available data were not up-to-date due to recent hospitalization.

Identification of this item in the patient record also appears to be a problem. The
entry in the documentation was optional and not subject to automatic error checking. We
recommend this as a mandatory field with a check of the entered data.

5. Conclusions

Our analysis showed that the studied university hospital and its available rehabilita-
tion care, including acute and subsequent rehabilitation beds, provide sufficient facilities
for the treatment of a severe course of COVID-19 and for the rehabilitation treatment of
conditions associated with COVID-19. Ensuring rehabilitation in an acute intensive care
unit required a significant modification of regular programs and the increased availability
of staff to meet the needs of newly emerging units for patients with COVID-19. In ensuring
an adequate regimen in terms of hygiene and protective work equipment, we noticed
difficulties only in terms of the initial availability of suitable PPEs and the insufficient
information about the disease at the beginning of the pandemic.

Additionally, acute rehabilitation services were less accessible to patients in non-
COVID-19 diagnostic groups. Further analysis will be required to examine the comparative
data on accessibility for stroke patients. The COVID-19 pandemic has revealed the vulnera-
bilities of healthcare systems and the importance of ensuring the availability of quality care
for all patients.

Governments and healthcare institutions must focus on minimizing the impact of the
pandemic on rehabilitation, making efforts to strengthen and protect health systems, and
creating support programs to help cope with the impact of the pandemic on rehabilitation.
Such efforts may include financing new technologies for online rehabilitation, increasing
the capacity of rehabilitation centers, ensuring sufficient supplies of protective equipment,
and training a sufficient number of personnel. The recommendation is also towards better
equipment in critical care, e.g., beds with automatic measurement of the patient’s weight,
automatic reading and transfer to the information system and patient documentation, etc.
Greater emphasis should also be placed on staff training in working with specific personal
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protective equipment, as this will also improve work efficiency and speed up the care of
infectious patients.

Rehabilitation units do not have enough isolation rooms available. This results in a
limitation and a reduction in the available capacity of beds for the needs of rehabilitation.
This should be a part of planning, for example, during building renovations.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/life13051212/s1, Figure S1: Cases in individual groups and
categories; Table S1: STROBE statement—checklist.

Author Contributions: Conceptualization: D.P., Z.G. and H.T.; methodology: H.T., L.H. and Z.S.;
validation: Z.G., Z.S. and H.T.; formal analysis: H.T. and L.H.; investigation: D.P.; resources: Z.G.;
data curation: H.T.; writing—original draft preparation: D.P. and Z.G.; writing—review and editing:
H.T.; visualization: Z.G.; supervision: R.M.; project administration: D.P.; funding acquisition: D.P. All
authors have read and agreed to the published version of the manuscript.

Funding: Supported by Ministry of Health of the Czech Republic, grant nr. NU22-A-114. All
rights reserved.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Local Ethics Committee of University Hospital Ostrava (protocol
code 971/2021, 16 November 2021).

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

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author. The data are not publicly available due to ethical restrictions and the privacy
of the patients.

Acknowledgments: The authors would like to thank all workers who dedicated the activities that
enabled this study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the
design of the study, including in data collection, analyses, or interpretation, nor in the writing of the
manuscript or the decision to publish the results.

References
1. Kayambu, G.; Boots, R.; Paratz, J.D. Physical Therapy for the Critically Ill in the ICU. Crit. Care Med. 2013, 41, 1543–1554.

[CrossRef] [PubMed]
2. Curci, C.; Pisano, F.; Bonacci, E.; Camozzi, D.M.; Ceravolo, C.; Bergonzi, R.; De Franceschi, S.; Moro, P.; Guarnieri, R.; Ferrillo, M.;

et al. Early rehabilitation in post-acute COVID-19 patients: Data from an Italian COVID-19 Rehabilitation Unit and proposal of a
treatment protocol. Eur. J. Phys. Rehabil. Med. 2020, 56, 633–641. [CrossRef] [PubMed]

3. Iannaccone, S.; Castellazzi, P.; Tettamanti, A.; Houdayer, E.; Brugliera, L.; de Blasio, F.; Cimino, P.; Ripa, M.; Meloni, C.; Alemanno,
F.; et al. Role of Rehabilitation Department for Adult Individuals With COVID-19: The Experience of the San Raffaele Hospital of
Milan. Arch. Phys. Med. Rehabil. 2020, 101, 1656–1661. [CrossRef] [PubMed]

4. Lazzeri, M.; Lanza, A.; Bellini, R.; Bellofiore, A.; Cecchetto, S.; Colombo, A.; D’Abrosca, F.; Del Monaco, C.; Gaudellio, G.;
Paneroni, M.; et al. Respiratory physiotherapy in patients with COVID-19 infection in acute setting: A Position Paper of the
Italian Association of Respiratory Physiotherapists (ARIR). Monaldi Arch. Chest Dis. 2020, 90, 163–168. [CrossRef]

5. Thomas, P.; Baldwin, C.; Bissett, B.; Boden, I.; Gosselink, R.; Granger, C.L.; Hodgson, C.; Jones, A.Y.; Kho, M.E.; Moses, R.; et al.
Physiotherapy management for COVID-19 in the acute hospital setting: Clinical practice recommendations. J. Physiother. 2020, 66,
73–82. [CrossRef]

6. KNGF Position Statement-v1.0 Final. (0727, February 2). Available online: https://www.scribd.com/document/464127971/kngf-
position-statement-v1-0-final (accessed on 23 March 2023).

7. Glöckl, R.; Buhr-Schinner, H.; Koczulla, A.R.; Schipmann, R.; Schultz, K.; Spielmanns, M.; Stenzel, N.; Dewey, S. DGP-
Empfehlungen zur pneumologischen Rehabilitation bei COVID-19. Pneumologie 2020, 74, 496–504. [CrossRef]

8. Andrenelli, E.; Negrini, F.; de Sire, A.; Patrini, M.; Lazzarini, S.G.; Ceravolo, M.G. International Multiprofessional Steering
Committee of Cochrane Rehabilitation REH-COVER action. Rehabilitation and COVID-19: A rapid living systematic review 2020
by Cochrane Rehabilitation Field. Update as of September 30th, 2020. Eur. J. Phys. Rehabil. Med. 2020, 56, 846–852. [CrossRef]

9. Thomas, P.; Baldwin, C.; Beach, L.; Bissett, B.; Boden, I.; Cruz, S.M.; Gosselink, R.; Granger, C.L.; Hodgson, C.; Holland,
A.E.; et al. Physiotherapy management for COVID-19 in the acute hospital setting and beyond: An update to clinical practice
recommendations. J. Physiother. 2021, 68, 8–25. [CrossRef]

https://www.mdpi.com/article/10.3390/life13051212/s1
https://www.mdpi.com/article/10.3390/life13051212/s1
https://doi.org/10.1097/CCM.0b013e31827ca637
https://www.ncbi.nlm.nih.gov/pubmed/23528802
https://doi.org/10.23736/S1973-9087.20.06339-X
https://www.ncbi.nlm.nih.gov/pubmed/32667150
https://doi.org/10.1016/j.apmr.2020.05.015
https://www.ncbi.nlm.nih.gov/pubmed/32505489
https://doi.org/10.4081/monaldi.2020.1285
https://doi.org/10.1016/j.jphys.2020.03.011
https://www.scribd.com/document/464127971/kngf-position-statement-v1-0-final
https://www.scribd.com/document/464127971/kngf-position-statement-v1-0-final
https://doi.org/10.1055/a-1193-9315
https://doi.org/10.23736/S1973-9087.20.06672-1
https://doi.org/10.1016/j.jphys.2021.12.012


Life 2023, 13, 1212 11 of 12

10. Felten-Barentsz, K.M.; van Oorsouw, R.; Klooster, E.; Koenders, N.; Driehuis, F.; Hulzebos, E.H.J.; van der Schaaf, M.; Hoogeboom,
T.J.; van der Wees, P.J. Recommendations for Hospital-Based Physical Therapists Managing Patients With COVID-19. Phys. Ther.
2020, 100, 1444–1457. [CrossRef]

11. Goodwin, V.A.; Allan, L.; Bethel, A.; Cowley, A.; Cross, J.L.; Day, J.; Drummond, A.; Hall, A.J.; Howard, M.; Morley, N.; et al.
Rehabilitation to enable recovery from COVID-19: A rapid systematic review. Physiotherapy 2021, 111, 4–22. [CrossRef]

12. Vickory, F.; Ridgeway, K.; Falvey, J.; Houwer, B.; Gunlikson, J.; Payne, K.; Niehaus, W. Safety, Feasibility, and Outcomes
of Frequent, Long-Duration Rehabilitation in an Inpatient Rehabilitation Facility After Prolonged Hospitalization for Severe
COVID-19: An Observational Study. Phys. Ther. 2021, 101, pzab208. [CrossRef] [PubMed]

13. Hu, S.; Chen, C.; Yang, B.; Liu, Q.; Hu, H. Experience of rehabilitation management in public hospital after it was identified as
designated rehabilitation hospital for COVID-19 patients: A qualitative study. Front. Public Health 2022, 10, 919730. [CrossRef]
[PubMed]

14. Daynes, E.; Gerlis, C.; Singh, S.J. The demand for rehabilitation following COVID-19: A call to service providers. Physiotherapy
2021, 113, A1–A3. [CrossRef] [PubMed]

15. Sheehy, L.M. Considerations for Postacute Rehabilitation for Survivors of COVID-19. JMIR Public Health Surveill. 2020, 6, e19462.
[CrossRef]

16. Tahtis, V.; Wilson, N.; Northfield, F.; Cook, D.; Gregory, K.; Reilly, C.C. A demand–capacity mismatch between rehabilitation need
and service provision as a result of the COVID-19 pandemic? Early clinical observations from a large teaching hospital in London.
Physiotherapy 2021, 113, 153–159. [CrossRef]

17. Wasilewski, M.B.; Msc, S.R.C.; Kokorelias, K.M.; Simpson, R.; Hitzig, S.L.; Robinson, L. Providing rehabilitation to patients
recovering fromCOVID-19: A scoping review. Phys. Med. Rehabil. 2021, 14, 239–258. [CrossRef]

18. Hameed, F.; Palatulan, E.; Jaywant, A.; Said, R.; Lau, C.; Sood, V.; Layton, A.; Gellhorn, A. Outcomes of a COVID-19 recovery
program for patients hospitalized with SARS-CoV-2 infection in New York City: A prospective cohort study. Phys. Med. Rehabil.
2021, 13, 609–617. [CrossRef]

19. Poussardin, C.; Oulehri, W.; Isner, M.E.; Mertes, P.M.; Collange, O. In-ICU COVID-19 patients’ characteristics for an estimation in
post-ICU rehabilitation care requirement. Anaesth. Crit. Care Pain Med. 2020, 39, 479–480. [CrossRef]

20. Piquet, V.; Luczak, C.; Seiler, F.; Monaury, J.; Martini, A.; Ward, A.B.; Gracies, J.-M.; Motavasseli, D.; Lépine, E.; Chambard, L.;
et al. Do Patients With COVID-19 Benefit from Rehabilitation? Functional Outcomes of the First 100 Patients in a COVID-19
Rehabilitation Unit. Arch. Phys. Med. Rehabil. 2021, 102, 1067–1074. [CrossRef]

21. Curci, C.; Negrini, F.; Ferrillo, M.; Bergonzi, R.; Bonacci, E.; Camozzi, D.M.; Ceravolo, C.; Franceschi, D.E.S.; Guarnieri, R.; Moro,
P.; et al. Functional outcome after inpatient rehabilitation in postintensive care unit COVID-19 patients: Findings and clinical
implications from a real-practice retrospective study. Eur. J. Phys. Rehabil. Med. 2021, 57, 443–450. [CrossRef]

22. Wiertz, C.M.; Vints, W.A.; Maas, G.J.; Rasquin, S.M.; van Horn, Y.Y.; Dremmen, M.P.; Hemmen, B.; Verbunt, J.A. COVID-19:
Patient Characteristics in the First Phase of Postintensive Care Rehabilitation. Arch. Rehabil. Res. Clin. Transl. 2021, 3, 100108.
[CrossRef]

23. Gottlieb, M.; Sansom, S.; Frankenberger, C.; Ward, E.; Hota, B. Clinical Course and Factors Associated with Hospitalization and
Critical Illness Among COVID-19 Patients in Chicago, Illinois. Acad. Emerg. Med. 2020, 27, 963–973. [CrossRef]

24. Suleyman, G.; Fadel, R.A.; Malette, K.M.; Hammond, C.; Abdulla, H.; Entz, A.; Demertzis, Z.; Hanna, Z.; Failla, A.;
Dagher, C.; et al. Clinical Characteristics and Morbidity Associated with Coronavirus Disease 2019 in a Series of Patients in
Metropolitan Detroit. JAMA Netw. Open 2020, 3, e2012270. [CrossRef]

25. Butz, M.; Lehmann, S.; Pliske, J.; Pfeifer, A.; Scharf, F.M.T.; Schon, G.; Renger, F.; Gulasova, M.; Mackova, Z.; Bundzelova, K.; et al.
Physiotherapy & Psychosocial Rehabilitation in Postcovid & Postconflict Era: New Roles with same Staff? (dispatch). Clin. Soc.
Work. Health Interv. 2022, 13, 45–47. [CrossRef]

26. Kass, D.A.; Duggal, P.; Cingolani, O. Obesity could shift severe COVID-19 disease to younger ages. Lancet 2020, 395, 1544–1545.
[CrossRef]

27. Ko, J.Y.; Danielson, M.L.; Town, M.; Derado, G.; Greenlund, K.J.; Kirley, P.D.; Alden, N.B.; Yousey-Hindes, K.; Anderson, E.J.;
Ryan, P.A.; et al. Risk Factors for Coronavirus Disease 2019 (COVID-19)–Associated Hospitalization: COVID-19–Associated
Hospitalization Surveillance Network and Behavioral Risk Factor Surveillance System. Clin. Infect. Dis. 2020, 72, e695–e703.
[CrossRef]

28. Smondack, P.; Gravier, F.; Prieur, G.; Repel, A.; Muir, J.-F.; Cuvelier, A.; Combret, Y.; Medrinal, C.; Bonnevie, T. Kinésithérapie et
COVID-19: De la réanimation à la réhabilitation à domicile. Synthèse des recommandations internationales. Rev. Des. Mal. Respir.
2020, 37, 811–822. [CrossRef]
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