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Phase-Adapted Rehabilitation for Acute
Coronavirus Disease-19 Patients and Patient With
Long-term Sequelae of Coronavirus Disease-19

Christoph Gutenbrunner, MD, PhD, FRCE, Boya Nugraha, MS, PhD, and Lidia Teixido Martin, MD

Abstract: Since the beginning of the COVID-19 pandemic in early 2020,
many papers have highlighted the need for the rehabilitation of pa-
tients with SARS-CoV-2 infection. Most papers refer to the need
for respiratory rehabilitation in the acute phase; however, the fact that
the infection also affects other organ systems has to be considered in
rehabilitation interventions. Long-term symptoms in many cases se-
verely limit activity and participation and alter quality of life, leading
to rehabilitation needs. This article proposes a phase-adapted model of
linking the acute, postacute, and long-term symptoms of COVID-19
with the well-established matrix of acute, postacute, and long-term re-
habilitation services. A review of currently available recommendations
for phase-adapted rehabilitation strategies, including the relevance of
prehabilitation within this context, is provided.

Key Words: Rehabilitation, COVID-19, SARS-CoV-2,
Rehabilitation Services, Rehabilitation Interventions
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ince the beginning of the COVID-19 pandemic in early
2020, many papers have highlighted the need for rehabili-
tation for patients with SARS-CoV-2 infection. These studies
include clinical recommendations and guidelines,'* as well as
papers highlighting the need to provide rehabilitation services. '~
Early papers referred to the critical illness myopathy as a result
of COVID-19 as significant for rehabilitation care.*> This factor
reflects the need for rehabilitation in the acute phase, in particu-
lar for patients with severe respiratory symptoms and/or needing
mechanical ventilation.®” It soon became clear that the infection
also affects other organ systems such as the cardiovascular and
central nervous systems.® Later, long-term symptoms and func-
tional deficits related to the SARS-CoV-2 infection were ob-
served.”!” As these symptoms severely limit activity and
participation and alter quality of life, rehabilitation is also indi-
cated in this phase. However, many papers lack a clear distinc-
tion regarding what types of rehabilitation interventions are
appropriate for which phases of the disease and through what
kinds of rehabilitation services those treatments should be delivered.
This article recommends linking the acute and long-term
symptoms of COVID-19 with the well-established matrix of
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acute, postacute, and long-term rehabilitation services and also
reflects upon the possible relevance of prehabilitation within
this context. This study aims at providing greater clarity for cli-
nicians and healthcare planners who need to plan and provide
rehabilitation services for patients with COVID-19. This work
may also be helpful for structuring scientific papers dealing with
the rehabilitation of these patients.

THE PATHOMECHANISM AND COURSE
OF COVID-19

The principle pathomechanisms of SARS-CoV-2 that lead
to COVID-19 have been elucidated, although many details are
still unclear.'" Airway infection via SARS-CoV-2 often includes
the distal airways. This type of infection is related to a local im-
mune reaction including epithelial cells, alveolar macrophages,
and dendritic cells.'? In addition, T-cell responses against
coronaviruses have been described'? and start from the antigen
presentation of dendritic cells and macrophages. Furthermore,
it has been observed that SARS-CoV-2 can directly infect den-
dritic cells and alveolar macrophages. Via the lymph system,
the viral antigen can spread out and activate CD4+ and CD8+ T
cells, followed by the activation of B cells producing antibodies.

In patients with severe COVID-19, generalized immune
responses were reported, featuring low levels of T cells in the
peripheral blood and the presence of proinflammatory cyto-
kines, including. These responses include lymphopenia featur-
ing low levels of T cells in the peripheral blood'*!> and the
presence of proinflammatory cytokines, including interleukin-6,
interleukin-10, granulocyte-colony stimulating factor, monocyte
chemoattractant protein 1, macrophage inflammatory protein
1oy, and tumor necrosis factor-c..'*'® This can be seen as the
starting point of a very complex cascade in the immune response.
In addition, high levels of d-dimer and fibrinogen levels have
been detected in patients with severe COVID-19, which could
explain the occurrence of thrombosis and pulmonary embo-
lism. The response of the immune system and systemic inflam-
mation may be responsible for multiorgan failure.

The predominant symptoms in the first acute phase are re-
lated to acute infection of the airways and consist of fever,
cough, dry cough, sputum production, dyspnea, fatigue, anorexia,
chest discomfort, and fever. Patients with severe oxygenation dif-
ficulties due to aggravation of the acute respiratory distress syn-
drome caused by COVID-19 pneumonia may need mechanical
ventilation or extracorporeal membrane oxygenation.!”!'® In the
second acute phase related to the hyperimmune reaction, a variety
of symptoms may occur, such as fever, cough, dry cough, sputum
production, dyspnea, chest discomfort, headache, fatigue, myal-
gia, anorexia, nausea, vomiting, abdominal pain, diarthea, and
other gastrointestinal symptoms.'*** As suggested by Yuki et al.
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in 2020,'" the severity of symptoms can be classified as asymp-
tomatic, mild, moderate, severe, or critical (Table 1).

In the postacute and long-term phase, besides respiratory
insufficiency, a wide range of nonpulmonary manifestations
and complications were detailed in a review by Lopez et al.,*'
including the following:

* Alterations in the nervous system, such as altered conscious-
ness, headache, dizziness, ataxia, epilepsy, hypogeusia, hyposmia,
peripheral nerve dysfunction, neuralgia,> agitation and
confusion, dysexecutive syndrome, and corticospinal tract
signs.”® Acute cerebrovascular events and Guillain-Barré
syndrome may also be related to SARS-CoV-2 infection.?**

* Alterations in the cardiovascular system, including positive
antiphospholipid antibodies, lower limb ischemia, hand-
digit ischemia,”® pulmonary embolism, other venous throm-
boembolic events, arterial thrombotic events (ischemic stroke),?’
myopericarditis and heart failure,”® decompensation of un-
derlying heart failure, ST-segment elevation, cardiogenic
shock,”” and acute cardiac injury.*°

* Musculoskeletal complications such as rhabdomyolysis.

* Alterations of gastrointestinal tract functions that include
liver injury (aspartate aminotransferase, alanine aminotrans-
ferase, gamma-glutamyl transferase, or alkaline phosphatase
level abnormality), pancreatic injury and diarthea,* and di-
gestive symptoms (decreased appetite, vomiting, diarrhea,
and abdominal pain).>*

* Skin and eye symptoms, such as erythematous rash, widespread
urticaria, chickenpox-like vesicles,*> and conjunctivitis.**=’

31,32

Predominant symptoms seem to include overall reduced
physical performance, fatigue, alterations of taste and smell,
concentration, and coordination.'®2° In addition, chronic wide-
spread pain, muscle weakness, and a depressive mood have been
described to occur in many cases.>®*’ These symptoms and
functional impairments were proposed by Kemp et al.* as fea-
tures of post-COVID-19 syndrome. According to the study of
Carfi et al.,** the most frequent symptoms in post-COVID
follow-up patients are fatigue (53.1%), dyspnea (43.4%), joint
pain (27.3%), and chest pain (21.7%). Another study also re-
ported fatigue or muscle weakness (63%), sleep difficulties
(26%), and anxiety and depression (23%) in patients 6 mos af-
ter being discharged from the hospital.*!

The overall need for rehabilitation after severe and critical
COVID-19 was demonstrated by Ahmed et al.,** who showed

TABLE 1. Classification of COVID-19 patients® (with permission)

Asymptomatic COVID nucleic acid test positive. Without any clinical
symptoms and signs and the chest imaging is normal

Mild Symptoms of acute upper respiratory tract infection
(fever, fatigue, myalgia, cough, sore throat, runny nose,
sneezing) or digestive symptoms (nausea, vomiting,
abdominal pain, diarrhea)

Moderate Pneumonia (frequent fever, cough) with no obvious
hypoxemia, chest CT with lesions.

Severe Pneumonia with hypoxemia (SpO, <92%)

Critical Acute respiratory distress syndrome, may have shock,

encephalopathy, myocardial injury, heart failure,
coagulation dysfunction, and acute kidney injury
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severe alteration of the health status in all dimensions of the
Short Form-36 questionnaire. More detailed overviews of neu-
rologic and neuropsychiatric complications were reported by
Varatharaj et al.** and Ellul et al.,** including ischemic stroke,
intracerebral hemorrhage, and cerebral venous sinus thrombo-
sis, in most cases beginning 10 days after the onset of respira-
tory symptoms.** Guillain-Barre syndrome has also been observed
during the acute phase of COVID-19. Furthermore, vasculitis of the
central nervous system, unspecified encephalopathy, and clinical
sign of encephalitis were observed.*> Neuropsychiatric disorders
like psychosis, neurocognitive (dementia-like) syndrome, and other
psychiatric disorders were likewise described.** In a number of
cases, nonspecific altered mental status occurred.**

PHASE MODEL FOR THE REHABILITATION OF
PATIENTS DURING AND AFTER COVID-19

According to the World Health Organization, rehabilitation
is an integral part of Universal Health Coverage and should be
implemented in acute, postacute, and long-term care (including
community-based rehabilitation services).*> However, rehabili-
tation is not a part of Universal Health Coverage in many
countries.***

Over the course of COVID-19, the symptoms and func-
tional impairments evolve, and thus, rehabilitation approaches
must be adapted to the various phases of the disease (Fig. 1).*®
Connected to this, interventions also must be described accord-
ing to the services that are suitable to treat/rehabilitate patients
according to the disease phase. In hospitals including intensive
care, support for respiration functions and early mobilization
have to be prioritized. In the postacute phase, which can be
treated in either hospitals or postacute rehabilitation centers,
pulmonary and cardiovascular training and further mobiliza-
tion are of primary importance. Mental health support is also
required in the case mental health-related issues are diag-
nosed.*>° In the long-term phase (e.g., in rehabilitation cen-
ters and community-based rehabilitation units), rehabilitation
should focus on all persisting symptoms like fatigue, reduced
performance, alterations of taste and smell, dysfunction of con-
centration and coordination, and musculoskeletal symptoms.

More specifically, the following phase model provides
phase-adapted service types. Starting from the onset of the dis-
ease, in all severe and critical cases, acute rehabilitation inter-
ventions are needed.” These interventions predominantly aim
at improving respiratory functions and preventing thrombosis,
contractures, pressure sores, and cardiovascular decondition-
ing. In patients with mechanical ventilation, respiration therapy
(optimally performed by specialized physiotherapists) is im-
portant. This should be started during ventilation and is crucial
in the weaning phase. Other symptoms frequently occurring in
patients with longer-lasting immobilization and mechanical
ventilation are, among others, sarcopenia, contractures, cardio-
vascular dysregulation, and critical illness polyneuropathy. For
prevention of these symptoms, daily physiotherapy and occu-
pational therapy should be carried out.’'* After discharge
from the intensive care unit or from the hospital, postacute re-
habilitation should begin. Such interventions must be adapted
to the individual symptoms and functional deficits and will
mainly involve training in ventilation, improving physical
fitness, treating psychiatric illness (mood and anxiety)>> and
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FIGURE 1. Model for phase-specific and phase adapted rehabilitation responses for patients with SARS-CoV-2 infection and

Post-COVID-19-Syndrome (from Nugraha et al.,*

cognitive impairments (e.g., dysexecutive syndrome),*® and
helping patients cope with the disease.! Training of activities
related to daily living will be one part of rehabilitation in this
phase. Depending on local health system regulations and organi-
zation, postacute rehabilitation may be performed within the hos-
pital or in independent rehabilitation units outside the hospital. If
patients develop the so-called post-COVID syndrome, long-term
rehabilitation measures will be needed. Here, rehabilitation strat-
egies may address a wide range of symptoms and, therefore,
must be tailored to the individual situation. Problems may in-
clude fatigue, reduced cardiovascular performance, respiratory
insufficiency, depressive symptom, disturbances of smell and
taste, muscle weakness and pain, deficits in concentration and
coordinative functions, and others. Of course, in all phases, inter-
ventions must follow systematic assessment and assignment.

The above-described model will help medical professionals
develop phase-adapted rehabilitation plans and interventions, as
well as provide greater clarity for healthcare planners who have
to adapt health services to the needs of individuals who have
been affected by COVID-19.>%7

Looking at the literature and applying the principles of re-
habilitation medicine, the following strategies and interven-
tions can be linked to the above-described phases of patients
with COVID-19 and post-COVID-19 syndrome:

* Acute rehabilitation: In the acute phase and during intensive
care, treatments of respiratory functions are the most relevant.'’
Specific precautions for the prevention of virus spread must
be followed, including use of appropriate personal protec-
tive equipment and avoiding respiration techniques with a
high production of aerosols (e.g., no coughing techniques).
Best practice recommendations for the early rehabilitation
of COVID-19 patients has been proposed by Liebl et al.’
The other interventions do not differ from the standards of
rehabilitation techniques used in the intensive care unit.>®>°
Acute rehabilitation is strictly bound to the hospital and
should be delivered there.

© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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* Postacute rehabilitation: In the postacute phase, treatment
of the acute phase should be continued. However, more active
treatments can be applied, and the training level can be in-
creased. The wide range of possible specific symptoms
and functional deficits must be addressed by a multiprofessional
rehabilitation team, including physical and rehabilitation medi-
cine, physiotherapy, occupational therapy, speech and language
therapy, psychotherapy and neuropsychology, social workers,
and rehabilitation nursing (see Table 2). Table 2 was derived
based on a pragmatic approach in this phase. Coping strat-
egies must be supported, and perspectives for the upcoming
period of life should be developed together with the patient.
Postacute rehabilitation may be delivered in inpatient reha-
bilitation centers, day clinics, or well-equipped outpatient
rehabilitation services.

As clinical trials and outcome studies on rehabilitation in-
terventions have not been published yet (because of the short
period of the existence of the disease), recommendations for
rehabilitation interventions must be based on studies performed
with patients presenting other diseases expressing similar
symptoms and functional impairments. This is particularly true
for long-term rehabilitation. Thus, the recommendations here
are based on textbook standards and evidence from other pa-
tient groups showing similar dysfunctions.

* Long-term rehabilitation care: In long-term rehabilitation
care, all persistent symptoms and functional deficits must
be addressed (for an overview and a checklist, see Liebl etal.”).
In the case of persisting symptoms, diagnostics must be done
or repeated—that is, analysis of lung functions and cardiovas-
cular function. Besides treating symptoms and increasing
performance, vocational rehabilitation and return-to-work
programs are significantly relevant. In principle, this phase
can be seen as a continuation of the postacute rehabilitation
phase. However, it may also be performed in outpatient or
day clinic settings.
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TABLE 2. Postacute and long-term rehabilitation in post-COVID-19 syndrome: Pragmatic approaches

No. Symptoms, Dysfunctions, Tasks

Qualified Therapists

Interventions

1. Overall alterations of bodily functions
(including mental functions), activity
limitations and participation restrictions, and
socio-medical changes

2. Assessing patient’s needs and preferences,
prioritization-informed consensus

3. Fatigue, reduced energy and drive, depressive
symptoms, sleep disturbance

4.  Disturbances in concentration and memory
functions
5. Alterations of smell and taste
therapists
6.  Generalized body pain Physiotherapists
7. Alterations of coordination (including gait),
disturbances of proprioception

8. Muscle weakness, muscular pain (including
muscle soreness, rhabdomyolysis)

Physiotherapists

9.  Respiratory insufficiency (also including
deterioration generation of voice) therapists

10. Cardiovascular insufficiency, reduced aerobic
capacity

11.  Thrombo-embolic events

Physiotherapists

12.  Gastrointestinal symptoms

13.  Dermal symptoms such as itching or
disturbances of skin microcirculation

14.  Manifestant depression, anxiety and other
mental symptoms

15.  Restrictions of vocational performance,
unfitness to work

Psychotherapists

Physical and rehabilitation medicine physician

Physical and rehabilitation medicine physician

Physiotherapists, psychotherapists,
occupational therapists

Occupational therapists, neuropsychologists

Physiotherapists, occupational therapists

Physiotherapists, speech and language

Physiotherapists, massage therapists, dieticians

Physiotherapists, massage therapists

Occupational therapists, social workers

Taking case history (anamnesis), physical
examination, functional assessment,
assessment questionnaires

Setting up rehabilitation plan assignment for
interventions, team-integrated delivery of
interventions, follow-up®

Medical training: aerobic training,
hydrotherapy and thermotherapy, coping and
ADL strategies (including management of
energy and drive functions)®’

Training of concentration and memory®>%

Speech and language therapists or occupational Training of smell and taste, smell/taste diaries

with follow-up®*

Muscular balancing, medical training therapy
(including aerobic training)®®

Balance training, gait training, postural
training, sensory integration, training of
activities of daily living®*®’

Muscular balancing, movement exercises,
dynamic muscle training, medical training
therapy.**%° Soft-tissue techniques like
Triggerpoint therapy, release techniques

Respiration therapy, medical training therapy
(including aerobic training), speech
therapy’>"

Medical training therapy (including aerobic
training)”*

Treatment according to affected organs and
functions”

Bowel massage, connective tissue massage,
massage devices, dietary advice’®

Carbon dioxide (CO,) application (bath or “dry
gas “application)’’

Psychotherapy”®

70,71

Vocational rehabilitation, social counselling”

Lastly, prehabilitation interventions may be useful for
SARS-CoV-2 infections. Of course, before SARS-CoV-2 infection,
prevention is the most important strategy, including physical
distancing, hand washing, and wearing mouth and nose protec-
tion.®® However, considering the risk factors for the severe and
critical courses of the disease, other measures may be important,
such as physical conditioning (i.e., acrobic exercise), increasing
muscle fitness, and training of respiratory functions, which may
help to mitigate the severity of COVID-19. This could be im-
portant advice for the general population, particularly those
in lock-down situations. However, no evidence-based data is
available yet to support such general recommendations.

Data published by World Health Organization show that
around 63% of rehabilitation services have been disrupted
worldwide.®! Reasons for this disruption might include the
need to use the capacities of rehabilitation centers to treat pa-
tients with COVID-19, the reduced availability of rehabilitation

536 | Www.ajpmr.com

professionals due to COVID-infections, and a lack of personal
protection materials. Priority shifts in financial management
may also play a role. Even though no relevant studies are avail-
able yet, it can be assumed that the interruption of rehabilita-
tion has had negative effects on patients in need, for example,
those suffering from neurologic disorders, cancer or cancer af-
ter surgery, trauma, and cardiovascular events. Considering the
risk of SARS-CoV-2 infection, there is no need to interrupt
rehabilitation treatments as long as sufficient protection and
hygiene are realized.

DISCUSSION
The applied framework distinguishing between acute,
postacute, long-term rehabilitation and prehabilitation seems
to be feasible for describing the different phases of rehabilita-
tion needs and interventions over the course of COVID-19

© 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



Volume 100, Number 6, June 2021

Phase-Adapted Rehabilitation for COVID-19 Patients

(including post-COVID-19 syndrome). This framework is
compatible with other frameworks for rehabilitation phases,
such as the German phase model of neurorehabilitation.®?
Phase A is a part of acute care, phases B and C mainly reflect
postacute rehabilitation, and phases D and E describe long-term
rehabilitation interventions. However, the interfaces between
the rehabilitation service phases may not be sufficiently de-
fined. These phases also depend on the health system in a
specific country. For acute rehabilitation, the start and end
points are clearly defined, as they are connected to the defini-
tion of hospital care, which is bound to the need for 24-hr su-
pervision and medical and nursing care.®> Thus, postacute
rehabilitation should start immediately (or soon) after dis-
charge from the hospital. However, the end point of postacute
rehabilitation and the starting point of long-term rehabilitation
are not defined and are mainly related to the rules of service deliv-
ery in the respective health system. It is important to note that the
question of whether a patient is still infectious should not be a
contraindication for transferring to a postacute rehabilitation
service, as long as appropriate infection prevention and control
measures are followed.

With regard to planning and performing rehabilitation among
patients with SARS-CoV-2 infection and post-COVID-19 syn-
drome, the linking of rehabilitation strategies and interventions
to the phase model of rehabilitation is considered useful. By
using this phase model, rehabilitation interventions required
during the acute phase, featuring symptoms that are predomi-
nately related to airway infection and the early hyperimmune
response, can be differentiated from the treatment of condi-
tions and functional problems addressed as post-COVID-19
syndrome. This approach may lead to greater clarity for publi-
cations dealing with the rehabilitation of patients suffering
from COVID-19 but also for clinicians and health care plan-
ners who need to plan and provide rehabilitation services.
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