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Abstract

Background & Aims:

The overall understanding of the clinical outcomes
and prognostic factors among patients discharged
from hospitals following the acute phase of COV-
ID-19 is still limited. Thus, there is still consider-
able debate regarding whether patients discharged
from the hospital after a severe COVID-19 infection
have fully recovered or whether they retain perma-
nent lung damage or experience fibrotic lung chang-
es. Many recommendations regarding respiratory
rehabilitation in the post-acute phase have been pub-
lished. Still, the efficacy of those published recom-
mendations is unclear. This review has shed light on
the need for more evidence of the beneficial effects of
pulmonary rehabilitation programs on patients recov-
ering from COVID-19 and their role in ensuring that
this population can resume a functional life. Most of
the evidence assessing the impact of pulmonary reha-
bilitation programs on COVID-19 survivors has been
published as reports by various organizations and
pulmonary rehabilitation committees, although there
have been a few prospective cohort and cross-section-
al studies. However, to produce findings that can be

translated into practice, the challenges inherent to this
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line of research need to be addressed. Specifically, the
extant risk of infection, quarantine times, and physi-
cal barriers rules have added more challenges to the
implementation of pulmonary rehabilitation sessions.
Overall, this field still has much to accomplish in the
future to fully understand the long-term outcomes of
COVID-19, also in the context of any future respira-
tory infection pandemic.
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INTRODUCTION:

Since the beginning of the coronavirus dis-
ease 2019 (COVID-19) pandemic with the
first outbreak in China, the relevant liter-
ature has focused on the disease’s epide-
miology, diagnostic testing, and treatment
modalities as well as the cardiopulmonary
complications of patients with COVID-19,
particularly those admitted to hospital .
With the ongoing pandemic, the overall
understanding of the clinical outcomes
and prognostic factors among patients dis-
charged from hospital following the acute
phase of COVID-19 is still limited *°. Cur-
rent evidence suggests that COVID-19 pa-
tients may complain from respiratory, phys-
iological, and psychological impairment
after hospital discharge *. Furthermore, re-
search has shown that around one-third of
COVID-19 patients had severe respiratory
failure and acute respiratory distress syn-
drome (ARDS), which can lead to persis-

tent respiratory and physical impairment®.

Thus, lung tissue alterations, such as con-
solidation, thickening of the vascular wall
, and pleural effusion have been reported
among acute COVID-19 pneumonia pa-
tients ’. Finally, the increased risk of in-
tensive care unit (ICU) acquired weakness
has also been discussed in the literature as
patients who experience severe respiratory
failure end up on a mechanical ventilator
and have extended ICU or hospital stays®.
Despite this substantial body of research,
there is still considerable debate regarding
whether patients discharged from the hos-
pital after a severe COVID-19 infection
have fully recovered or whether they re-
tain permanent lung damage or experience
fibrotic lung changes. Studies have shown
that up to 30% of patients who recover
from severe COVID-19 pneumonia con-
tinue to experience breathlessness and re-
quire supplementary oxygen®. While there
is conflicting evidence regarding the actu-
al pathophysiological mechanism through
which a COVID-19 infection can predis-
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pose a patient to lung fibrosis, a meta-anal-
ysis suggested that a chronic viral infec-
tion can induce a mild and long-latency
inflammatory response that contributes to
the fibrotic response 10. In line with this,
other studies have reported that ARDS can
predispose patients to lung fibrosis; as a
COVID-19 infection can cause ARDS,
there 1s thus a risk of fibrosis, even after
recovery ',

Owing to the respiratory complications as
a sequela of severe COVID-19 pneumonia,
many recommendations have been pub-
lished regarding respiratory rehabilitation
in the post-acute phase. However, the effi-
cacy of these recommendations is unclear.
In addition, few studies have examined the
effectiveness of pulmonary rehabilitation
programs in the context of COVID-19,
and thus, much of the published literature
on this topic comprises editorial letters or
recommendations from rehabilitation soci-
eties or organizations. Against this back-
drop, the current report reviews published
articles addressing pulmonary rehabilita-
tion in patients with COVID-19 and high-
lighting the benefits of such rehabilitation

for patient outcomes.

Pathophysiology mechanisms of
COVID-19 infection to lung injury:

The virus that responsible for COVID-19
disease, SARS-CoV-2, is an enveloped

virus. It infects the host cells through a

series of viral spike proteins attached to
the receptor on the host called angioten-
sin-converting enzyme-2 (ACE2) >4
Then, endocytosis occurred in which the
viral genome is released into the host cell
to establish the synthesis of the viral RNA
through changes in the endoplasmic retic-
ulum of the infected cell '°. Research has
provided a list of host cells targeted by
the SARS-CoV-2 virus, including type II
pneumocytes, alveolar macrophages in the
lungs, and basal epithelial cells in the nasal
passages’. Many research identified differ-
ent mechanism that activate proinflamma-
tory and profibrotic pathways in the host
cell after SARS-CoV-2 invasion '®"". Thus,
a reduction in the host cell ability to bal-
ance the renin-angiotensin system (RAS)
is occurred as result of reduction in the ex-
pression of ACE2 that caused by cleav-
age of SARS-CoV-2 spike proteinslS8.
Therefore, when the RAS is reduced at the
cellular level, an increase in the activation
of interleukin (IL)-6 and tumour necro-
sis factor-o (TNFa) occurred as well as
the increase in recruitment of neutrophils
and macrophages. This series of action
cause direct endothelial cell injury16,18.
Biological research have listed IL-2, IL-
7, IL-10, and TNFa as inflammatory cy-
increased in COVID-19

patients'”2!.In addition , cellular injury oc-

tokines which

curs as result of viral replication and simu-
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lation of the immune response of infected
cell,. This results in altered cell function
and demise of type II alveolar epithelial
cells, which suggested to be responsible
for the beginning of the development of
pulmonary fibrosis*!?2,

In terms of the disease severity, different
SARS-CoV-2 infection phenotypes have
been identified based on clinical and radi-
ological characteristics . The first, Phe-
notype-1 is the most common and is char-
acterized by mild respiratory symptoms, a
normal chest radiograph, and the absence
of hypoxemia; symptomatic treatment
is used for such patients. Phenotype-2 is
characterized by the presence of hypox-
emia or multiple small ground-glass opaci-
ties on the chest radiograph. These patients
require close respiratory monitoring be-
cause they may progress to Phenotype-3,
which presents more significant hypox-
emia, higher respiratory rates, and high
IL-6 and other inflammatory marker levels
2, This type also requires close monitor-
ing as patients may need to be intubated.
Phenotype-4 is characterized by alveolar
edema and normal/low lung compliance,
meaning patients have severe hypoxemia
requiring intubation %%, Treatment should
include tidal volumes of 6 mL/kg PBW
and moderate-to-high positive end-expira-
tory pressure (PEEP) as well as lateral or

prone positioning. Phenotype-5 is char-

acterized by an ARDS-like appearance,
and management should follow standard
ARDS guidelines. A protective ventilatory
strategy and prone positioning are indicat-
ed 23,24.

Thus, the majority of patients with a se-
vere manifestation of COVID-19 required
respiratory support and ICU admission,
where 88% of those required assisted
ventilation by a mechanical ventilator25.
There is a lack of consensus in the data
regarding the respiratory mechanics and
optimal mechanical ventilator setting in
patients admitted to ICU for COVID-19
associated respiratory failure3,26. Intubat-
ed patients with severe COVID-19 disease
were placed on with high PEEP, increasing
barotrauma incidence ?’. Studies suggest
that COVID-19 patients who progressed to
ARDS have oedema and atelectasis, which
cause a change in lung volumes, resulting
in over distention of the lung (called vo-
lutrauma), or an increase in the strain of
the ventilated alveolar space (called ate-
lectraum). Additionally, the alteration in
lung tissue due to the pathological process
of severe COVID-19 causes friability of
the lung parenchyma and subsequently in-

creases the risk of lung fibrosis %’.

Pulmonary rehabilitation for post-
COVID-19 infection:
Pulmonary rehabilitation, in general, con-

siders a critical component in the manage-

Pulmonary Rehabilitation for Patients Post Severe COVID-19:A Literature Review



Majmaah Journal of Health Sciences ,Vol. 9, Issue 4, October - 2021, Safar - 1443

ment approach to enhance the shortness
of breath and exercise tolerance, and ul-
timately the health status of patients with
chronic lung disease®®. The primary strat-
egy of pulmonary rehabilitation programs
1s exercise training, education, and behav-
iour changes. All those strategies improve
physical and psychological well-being,
therefore promoting the long-term health
quality of life . Different health settings
utilize different approaches and structures
of pulmonary rehabilitation programs;
however, all programs share the key com-
ponents of training include: endurance,
interval, resistance/strength exercise of
upper and lower limbs, walking, and
self-management training. Most of those
sessions usually implemented through out-
patient programs 30. Since the pulmonary
rehabilitation program includes many ses-
sions for a long period, patient adherence
is the major issue to achieve such a pro-

gram’s effectiveness *'.

The need for pulmonary rehabilitation
in COVID-19:

The need for pulmonary rehabilitation for
COVID-19 patients has been discussed in
the literature. Specifically, during the acute
phase of a severe COVID-19 infection,
patients receive intensive medical man-
agement, including prolonged mechanical
ventilation, sedation, and neuromuscular

blocking agents. This intensive medical

management is considered a risk factor for
developing post-intensive care weakness
32, Studies have shown that many patients
referred to pulmonary rehabilitation pro-
grams after severe COVID-19 have symp-
toms common to other ICU patients, in-
cluding dyspnea, anxiety, prolonged pain,
and reduced physical function and quality
of life *.

Consistent with SARS infection outcomes,
many studies have hypothesized that the
lung tissue damage and alteration that oc-
cur in severe COVID-19 may cause various
degree of physical dysfunction®®. There-
fore, experiences with pulmonary rehabil-
itation in post-SARS patients provide sup-
portive evidence for the implementation
of pulmonary rehabilitation programs for
COVID-19 patients **. Therefore, COV-
ID-19 patients tend to have the same prob-
lems as patients with chronic lung disease;
however, COVID-19 patients, the need
for a pulmonary rehabilitation program is
critical to overcome breathlessness and fa-
tigue, improve physical performance, and
subsequently enhance the quality of life .
The main goal of pulmonary rehabilita-
tion programs for COVID-19 survivors
is usually endurance as these patients had
a prolonged hospital stay and are thus at
risk of developing ICU acquired weak-
ness®?®. Moreover, as dyspnea and a high

respiratory rate are known predictors of
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severe disease or death, it is important to
continue monitoring such patients closely.
While many pulmonary rehabilitation pro-
grams focus on endurance, there is a need
for more research on how to best quantify
patients’ endurance level as part of an out-
come assessment’’. Meanwhile, many pa-
tients with COVID-19 require supplemen-
tal O2 for post-acute rehabilitation, and
thus a secondary goal in rehabilitation pro-
grams is to wean them off O2. Third, pro-
longed bed rest and immobility contribute
to the loss of strength, and studies have in-
dicated that patients with COVID-19 have
a greater muscle mass loss compared to
pathologies with similar ICU and bed rest
time**. This may be due to specific COV-
ID-19 loads, the impact of the prolonged
lack of muscle tissue oxygenation, and
the physiological reaction to longer peri-
ods of increased respiratory rate and heart
rate along with decreased PaO232. Final-
ly, there is the issue of independence: most
patients are discharged as early as possible
to free up ICU and hospital beds, meaning
that the patients may not yet be fully inde-
pendent at home®.

With the growing body of evidence show-
ing that COVID-19 survivors have pulmo-
nary sequelae after the acute phase of the
infection, an increasing number of studies
have investigated the clinical outcomes

among COVID-19 survivors, especially

concerning the long-term effects 5340, In
relation to the abovementioned points on
the functional deficits post COVID-19,
various associations and committees have
published recommendations for inpa-
tient and outpatient pulmonary rehabilita-
tion*’#1*, Those recommendations have
been utilized as essential clinical practice
guidelines for effectively managing severe
COVID-19 with ICU support. However,
the main challenges for pulmonary reha-
bilitation, which mainly take the form of
inpatient sessions, are the limited numbers
of therapists compared to the number of
patients as well as existing infection and
hygiene measures, especially if the pa-

tients are isolated *.

Reviewing the published research:

Most of the evidence assessing the impact
of pulmonary rehabilitation programs on
COVID-19 survivors has been published
as reports by various organizations and
pulmonary rehabilitation committees, al-
though there have been a few prospective
cohort and cross-sectional studies 3394044,
Thus, the guidelines and recommendations
for implementing pulmonary rehabilitation
programs in the COVID-19 era have pri-
marily come from organizations #3434,
Table 1 present the published studies on
the effective of pulmonary rehabilitation
on COVID-19 patients. At the beginning
of the COVID-19 pandemic, several stud-
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ies described the short-term effects of inpa-
tient pulmonary rehabilitation for patients
with severe COVID-19 infection admitted
to ICU and placed on mechanical ventila-
tion. For example, a cross-sectional survey
recruited post-COVID-19 patients referred
to a rehabilitation unit in Italy and assessed
their pulmonary function and disability
status 36. The study shared the experience
of their pulmonary rehabilitation program
and stressed the clinical importance of pul-
monary rehabilitation programs for COV-
ID-19 patients in the early stages of recov-
ery *°,

In 2020, Spielmann et al. described the
effect of a three-week standardized inpa-
tient pulmonary rehabilitation program for
hospitalized COVID-19 patients and com-
pared their outcomes to the outcomes of pa-
tients who had other lung diseases and had
undergone a similar pulmonary rehabilita-
tion program in 2019 ¥. The study found
improvements in physical performance,
measured by Functional Independence
Measure (FIM) and 6 Minute Walk Test
(6-MWT), among hospitalized COVID-19
patients. This finding provides emerging
evidence regarding clinical and functional
improvements for severe COVID-19 and
highlights the importance of post-acute
pulmonary rehabilitation for COVID-19
recovery *. Other studies have indicated

that the length of time on ventilation, lev-

el of sedation, and function after extuba-
tion are the most important indicators of
long-term recovery48. Furthermore, Puch-
ner et al., who conducted a cohort study
to assess the status of COVID-19patients
enrolled in a pulmonary rehabilitation pro-
gram, showed that more than 50% of their
sample had pathological Forced expiratory
volume in 1 second (FEV1), Forced vital
capacity (FVC), and Total lung capacity
(TLC) below < 80%. That study also found
that 83% of study participants still showed
reduced diffusing capacity of the lungs for
carbon monoxide(DLCO) at the end of the
rehabilitation program .

Beyond this, many studies have reported
that patients have reductions in their max-
imum inspiratory pressure and diffusion
capacity measures within the first year fol-
lowing their discharge from ICU *. Those
reductions in respiratory function man-
ifest as increased work of breathing and
an effective cough *°. Mo et al. found that
patients discharged from hospital after se-
vere COVID-19 pneumonia had impaired
lung diffusion capacity and complained
of dyspnea, chest pain, and general fa-
tigue for weeks after hospital discharge
31, Moreover, another study reported that
COVID-19 survivors who were referred
to a pulmonary rehabilitation program still
had residual infiltrates of the lung, which
possibly progressed to fibrosis, leading to
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a limitation in gas exchange 2. The study
further highlighted that COVID-19 survi-
vors require close monitoring of their lung
function and residual capacity to monitor
changes in FEV1, FVC, FEV1/FVC%, and
DLCO% 41. Additionally, respiratory and
aerobic exercises has shown promise in
helping to enhance endurance and quality
of life of COVID-19 patients in addition
to reduction in the anxiety and depression
level *.

Meanwhile, there i1s limited clinical tri-
al-based evidence regarding pulmonary
rehabilitation for COVID-19 survivors.
One randomized-controlled trial (RCT)
assessed the effectiveness of a 10-min
pulmonary rehabilitation session for six

weeks on respiratory function, Health-re-

lated quality of life (HRQoL), mobility,
and psychological function among elder-
ly COVID-19 survivors discharged from
hospital 39. The study’s findings showed
an improvement in respiratory function
(FEV1/FVC), HRQoL, and in level of anx-
iety among their patients.

Recently, a scoping review highlighted
pulmonary rehabilitation in COVID-19
patients, underlining the lack of data on
this topic, although the recommendations
published by various societies highlight
the benefits of early pulmonary rehabil-
itation program initiation **. The review
strongly suggests implementing a plan for
multidisciplinary rehabilitation programs
to prevent the development of long-term
consequences of COVID-19.

Table 1: Epidemiological studies that have been carried out to assess the impact of pulmonary

rehabilitation programs on COVID-19 survivors.

Study author Type of study

Study population

Main Finding

Cross-sectional
study

Curci C et al.*®

Post-acute COVID-19
patients in Italy

Patients suffered from dyspnea and
shortness of breath for minimal activi-
ties. This caused disability, and few of
the study population were able to per-
form 6-MWT in which they have poor

results.

Spielmanns
M et al.®

Cohort study

post-COVID-19 patients referred
to pulmonary rehabilitation in
2020 compared to patients with
other lung diseases in 2019

Comprehensive pulmonary rehabilita-
tion resulted in improvement in -MWT
and FT

Puchner B et al*® cohort study

Patienst discharged after severe to
critical COVID-19 infection

83% of all study participants still re-
duced the DLCO at the end of the reha-

bilitation program

Liu K et al.* Quasi-experimental

study

Elderly COVID-19 survivors,
weaned off from mechanical
ventilation and discharged
from hospitals in China

Pulmonary rehabilitation over 6 weeks
reulsted in Improvement in respiratory
function (FEV1/FVC), QoL, level of
anxiety, physical function (SF-36).
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CONCLUSION:

This review has shed light on the need for
more evidence of the beneficial effects
of pulmonary rehabilitation programs on
patients recovering from COVID-19 and
their role in ensuring that this population
can resume a functional life. However,
to produce findings that can be translated
into practice, the challenges inherent to
this line of research need to be addressed.
Specifically, the extant risk of infection,
quarantine times, and physical barriers
rules have added more challenges to the
implementation of pulmonary rehabili-
tation sessions. In response to this, there
has been much discussion of the role of
home-based telemedicine in pulmonary
rehabilitation 55,56. Overall, this field still
has much to accomplish in the future to
fully understand the long-term outcomes
of COVID-19, also in the context of any

future respiratory infection pandemic.

Key Points:

» Research suggested that chronic viral
infection can induce an inflammatory re-
sponse that contributes to the fibrotic re-
sponse.

* The is a lack of solid evidence on the im-
pact of pulmonary rehabilitation programs
on COVID-19 survivors.

* Most of the studies highlighted the chal-
lenges to the implementation of pulmonary

rehabilitation sessions.
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