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Abstract

Background: People who have underlying medical conditions and those over
60 years old have a higher risk of developing coronavirus disease complica-
tions (COVID-19) with more mortality rate. Breathing exercises is good for
clearing the mucus from lungs and improves chest expansion while circula-
tory exercises enhance cardiopulmonary/vascular systems. Aim: This study
aims to suggest exercise program for prevention, decrease morbidity and mor-
tality in COVID-19 patients and patients with other respiratory co-morbidities.
Conclusion: Regular simple exercises include respiratory and circulatory ex-
ercises may have a great effect on improving lung function and immunity in
addition to relieving psychological stress thus can help in treatment of high
risk people from COVID-19.

Keywords

COVID-19, Pneumonia, Geriatrics, Breathing Exercises, Circulatory
Exercises

1. Introduction

Coronavirus disease is an infectious disease caused by a newly discovered (COVID-
19) coronavirus. COVID-19 can result in severe disease, including hospitaliza-
tion, admission to an intensive care unit, and death [1]. Most people who get
COVID-19 experience mild to moderate symptoms like coughing and high body
temperature, or fever, these people generally recover. Other people, the virus
gets deep into the lungs and causes a severe infection: pneumonia. Although
most human coronavirus infections are mild, the epidemics of the two beta co-
ronaviruses, Severe Acute Respiratory Syndrome coronavirus (SARS-CoV) and
Middle East Respiratory Syndrome coronavirus (MERS-CoV), have caused more

than 10,000 cumulative cases in the past two decades, with mortality rates of
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10% for SARS-CoV and 37% for MERS-CoV [2].

Older people and those with underlying medical problems like cardiovascular
disease, diabetes, chronic respiratory disease, and cancer are more likely to de-
velop serious illness by COVID-19 [3].

Histologically, COVID-19 causes diffuse alveolar damage (DAD) with pro-
nounced pulmonary edema andhyaline membrane formation (Figure 1). In
some areas, there is interstitial thickening, with mild to moderate fibrosis, but a
disproportionately sparse infiltrate of inflammatory cells (mainly histiocytes, in-
cluding multinucleated forms, and lymphocytes) [4].

Although the clinical manifestations of COVID-19 are dominated by respira-
tory symptoms, some patients have severe cardiovascular damage. Angiotensin-
converting enzyme 2 (ACE2) is involved in heart function and the development
of hypertension and diabetes mellitus. In addition, ACE2 has been identified as a
functional receptor for coronaviruses, including SARS-CoV and SARS-CoV-2.
SARS-CoV-2 infection is triggered by binding of the spike protein of the virus to
ACE2, which is highly expressed in the heart and lungs. Reports suggest that
MERS-CoV can cause acute myocarditis and heart failure. SARS-CoV-2 and
MERS-CoV have similar pathogenicity, and the myocardial damage caused by
infection with these viruses [5].

It is widely accepted that regular physical activity is beneficial for cardiovas-
cular health. Frequent exercise is robustly associated with a decrease in cardi-
ovascular mortalityas well as the risk of developing cardiovascular diseases. Physi-
cally active individuals have lower blood pressure, higher insulin sensitivity, and
a more favorable plasma lipoprotein profile. Exercise has also been found to
have beneficial effects on the heart. Acutely, exercise increases cardiac output
and blood pressure, but individuals adapted to exercise show lower resting heart
rate and blood pressure [6]. The respiration system consists of organs responsi-
ble for taking in oxygen for respiration and releasing carbon dioxide and water
vapor, which are the waste products formed during respiration. The passages in

the nose, windpipe (trachea), bronchi, lungs and air sacs are the main organs of

Figure 1. Histological features of lungs in patients with severe acute respiratory syn-
drome. Extensive consolidation with a grayish cut surface was noted in most of the pa-
tients [4].
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the respiratory system. Many parameters of respiratory system get affected due
to physical exercises [7].

New England Complex Systems Institute stated that improving respiratory
health even before becoming infected, good ventilation, and frequent cleaning,
of the environment of individuals that are ill by COVID-19 is widely recom-
mended to improve outcomes [8].

World health organization (WHO) in 18" of March (2020) applied messages
for older adults, people with underlying health condition to learn simple daily
physical exercises to perform at home, in quarantine or isolation so can maintain
mobility and reduce boredom, while they applied messages for people in isola-
tion to exercise regularly to improve mental health and psychosocial considera-
tions during theCOVID-19 outbreak [9].

Chigira et al (2015) [10] performed early physiotherapy for elderly patients
with pneumonia admitted to an ICU and examined its influence on the severity
of pneumonia. They compared the results of the standard and early intervention
groups. In the early intervention group, the ICU admission period was signifi-
cantly shorter and the rate of change in the Functional Independent Measure
(FIM) was smaller than in the standard intervention group. The FIM upon dis-
charge of the early intervention group was better than that of the standard in-
tervention group. The results also demonstrated the beneficial effects of early
physiotherapy on ADL and the ICU admission period.

Older people are at more risk from COVID-19 because of how the immune
system ages. As people aging, their innate and adaptive immune responses change.
Monocytes from older individuals produce less interferon in response to viral
infection. They have a harder time killing infected cells and signaling the adap-
tive immune response to get going. Low-grade chronic inflammation in indi-
viduals that commonly occurs during aging can also dull the ability of the innate
and adaptive immune responses to react to pathogens, giving the virus the upper
hand. Viruses can take advantage of the immune system’s slow start resulting in
serious disease and death [11].

The amount of physical activity that a person does influences his/her risk of
infection, most likely by affecting immune function. It is known that regular
moderate exercise reduces the risk of infection compared with sedentary, but
very prolonged bouts of exercise and periods of intensified training are asso-

ciated with increased infection risk [12].

2. Aim

This study aims to recommend physiotherapy management program for preven-
tion, decrease morbidity and mortality in COVID-19 patients and patients with
other respiratory co-morbidities.

Justification of the study:

Physiotherapy may be beneficial in the respiratory treatment and physical re-
habilitation of patients with COVID-19. This document has been prepared to
provide information to physiotherapists and healthcare facilities about the po-
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tential role of physiotherapy in the management of COVID-19 patients and pa-
tients with other respiratory co-morbidities.
Possible effect of exercises on COVID-19:

Table 1 explored various changes in different systems of the body with respect

to the physiological mechanisms involved. The physiotherapists usually aware
about the effects of physical exercises training on various systems and realize the
qualitative changes in the body for better performance.

Table 2 documented physiological effects of slow breathing techniques ac-
cording to research in healthy humans and focuses on the physiological implica-
tions to the respiratory, cardiovascular, and cardiorespiratory systems, with par-
ticular focus on diaphragm activity, ventilation efficiency, haemodynamics, heart
rate variability, cardiorespiratory coupling and respiratory sinus arrhythmia.

Implication of the study:

While this study suggests applying exercise program to geriatric people and

Table 1. Physiological effects of physical training [7].

Physiological effects of physical training

Respiratory system Circulatory system

- Internal size of the left ventricle increases.

. - The contraction ability or strength of the heart increases.
- Lung volume increases as a result . .
. L. . - Resting heart rate decreases considerably.
of increase in vital capacity.
. . - Maximum heart rate, either remains unchanged or
- Breathing frequency is decreased 4 lightl
ecreases sli .
in trained individuals. sty
. . . .. . = Theheart rate recovery period decreases.
- Maximum minute ventilation is
. L - Blood volume increases as a result of increase in plasma
increased after training. | 4 RBC
volume an counts.
- Tidal volume is also increased. Blood (thickness) d i 4
- Blood viscosity (thickness) decreases resulting goo
- Physical exercises enhance venti- . . ty o £8
. circulation and oxygen availability.
latory efficiency.
Diffusi ity ( h - Blood flow to muscles increases due to more blood volume,
- Diffusion capacity (gases exchange
. .p ty (g 8 effective blood redistribution and increased capillarization.
capacity) is increased. o ) )
- Reduction in resting blood pressure (both systolic and

diastolic).

Table 2. Physiological effects of slow breathing exercises [13].

Physiological effects of slow breathingexercises

Respiratory system Cardiovascular system Cardiorespiratory system
- Increases venous return -> increases filling of - Augments LF HRV and baroreflex sensitivity
- Generally coincides with increased tidal the right heart > increases stroke volume - in- - Increases RSA (maximises around 6 breaths
volume and may enhance diaphragmatic creases cardiac output per min (resonant frequency)
excursion - Causes blood pressure pulse fluctuations to - Improves pulmonary gas exchange efficiency
- Enhances ventilation efficiency and arterial ~ synchronize with heart beat rhythm - minimises cardiac work
oxygenation via alveolar recruitment, and - Synchronization of vasomotion - buffers blood pressure fluctuations
distension and reduction of alveolar dead - May entrain and enhance vasomotion (and - Clustering of heartbeats within inspiratory
space microflow), Ze. to improve blood oxygenation phase (cardiorespiratory coupling)
- Moderates chemoreflex sensitivity - Increases HRV and blood pressure fluctuations - Synchronization of pulse harmonics of blood
- May decrease mean blood pressure flow and heart rhythm

LF = low frequency, HRV = Heart Rate Variability, baroreflex = baroreceptor reflex, RSA = Respiratory Sinus Arrhythmia.
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other ages with other co-morbidities, there were important questions needed to
be answered: Does the patient can do these exercises? Is it sure that the patient
can do it safely? What about bed ridden patients and disabled patients?

The answer of all of these questions is patient safety, it is the main issue to
confirm by close adherence of accompanying, care giver, nurse or physiotherap-
ist each of them according needs and individual case, moreover, the exercises
should be performed gently as he/she can only in normal body temperature for
circulatory exercises by little modification can be applied in the kind of exercise,
the way and position of performance and the repetitions that can be done with

no exhaustion

3. Suggested Exercises Protocol

I) Breathing exercises: (Table 3)

A) Pursed-lips breathing

Pursed-lips breathing can slow down the breathing, reducing the work of
breathing by keeping the airways open longer. This makes it easier for the lungs
to function and improves the exchange of oxygen and carbon dioxide.

The patient will be instructed to do the exercise as following:

- Inhale slowly through your nostrils.

- Purse your lips, as if pouting or about to blow on something.

- Breathe out as slowly as possible through pursed lips. This should take at
least twice as long as it did to breathe in.

B) Incentive spirometer exercise:

This will help the patient to breathe deeply and cough, thus clear the airway
regularly, it gently exercise the lungs and aid in keeping the lungs as healthy as
possible. The device helps retrain your lungs how to take slow and deep breaths.
An incentive spirometer helps increase lung capacity and improves patients'
ability to breathe.

Incentive spirometer device Figure 2, the user will be instructed as the fol-
lowing:

1) Close the lips tightly around the mouthpiece.

2) Breathe in slowly and deeply through the mouthtrying to raise the all balls
to the highest level.

3) Hold the breath for 3 to 6 seconds trying to keep the balls at the highest level.

4) Release the mouthpiece and breathe out slowly.

5) Cough to help clear mucous from the throat and chest.

Cough deeply from your belly, not just from your throat. If you had surgery
(chest or abdomen), first brace the area with a pillow.

Note: this device is a personal device and the user must not share with any-
body else.

C) Blow out the candle exercise:

The aim of this exercise is to help to move from a more upper chest breathing

pattern to one that uses the full capacity of the lungs. When under stress the
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Table 3. Suggested checklist schedule of breathing exercises.

Checklist of daily breathing exercises

Time

Day
9 am 11 am 1pm 3 pm 5pm 7 pm 9 pm 11 pm

Sun
Mon
Tue
Wed
Thu

Fri

Sat

Figure 2. Incentive spirometer device.

person can move towards breathing into the top of our lungs, with little move-
ment happening at the bottom of the ribcage. This means we use the muscles at
the front of the neck more than maybe helpful.

This exercise is a preliminary exercise to become comfortable with before
moving on to the other parts: Head Retraction and Briigger Exercises

The patient will be instructed to do the exercise as following:

1) Imagine a birthday candle.

2) Take in a deep breath through the nose

3) Then exhale through the mouth to blow out the candle trying empty your
lungs as best you can. When we are chest breathing we can sometimes not empty
the lungs as fully as we might. So with this exercise we are looking to focus on
breathing out slowly and fully.

4) Pause at the end of the out breath. Once you have fully breathed out, close
your lips and pause for a count of one.

5) Breathe in through your nose. You do not need to actually do anything
special with your inhalation, just let it happen. Your body knows how to do it.

Notes:

This exercise is all about the exhalation and that is the focus, rather than
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doing anything fancy when you breathe in.

The breathing in this exercise should not be making you feel anxious, so if you
start to feel odd or worried doing this exercise then (please) stop and go back to
breathing as you normally would.

IT) Circulatory exercise: (Table 4)

(From sitting/long sitting/lying position)

1) Fist pump

2) Bend elbow

3) Forward raise of shoulders

4) Horizontal shoulders abduction (bilateral)
5) Trunk twist

6) Ankle pump

7) Knee extension

8) Hip flexion with flexed knee

The patient will be instructed the following:

- To do these exercises alternatively limb by limb (except horizontal shoulder
abduction)

- Do these exercises gently

- Moderate speed as much as he/she can

- If the patient can’t do any above exercise, try to do it from lying position
otherwise he/she shouldn’t be pushed to do it

- Avoid exhaustion

- If the normal geriatric/patient is dependent, must be under supervision

- Safety first, don’t permit unacceptable shortness of breathing or raising in
heart rate

- Apply adequate rest time between exercises.

4. Application of the Protocol in Different COVID-19 Stages

Stage (A) prophylactic stage:

Target population: normal geriatrics and patients with comorbidities like cardiac

Table 4. Suggested checklist schedule of circulatory exercises.

Checklist of daily circulatory exercises

Parts of day

Day
Morning Afternoon Evening

Sun
Mon
Tue
Wed
Thu

Fri

Sat
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patients, diabetics, other chest patients etc.

Mode: self-dependent exercises

Checklist responsibility: the person him/herself

Intensity: no resistance

Repetitions: 10 times per set, one set is enough for each exercise in the check
box as can as possible.

Stage (B) home/quarantine stage:

Target population: suspected/early stage infection of Covid-19 in geriatrics
and patients with comorbidities like cardiac patients, diabetics, other chest pa-
tients etc.

Mode: self-dependent exercises under supervision of accompanying/health
care giver.

Checklist responsibility: patient’s accompanying/care giver

Intensity: no resistance

Repetitions: 10 times per set, one set is enough for each exercise in the check
box as can as possible

Stage (C) intensive care unit (ICU) stage:

Target population: infection of COVID-19 in geriatrics and patients with
comorbidities like cardiac patients, diabetics, other chest patients etc. in ICU
stage

Mode: responsibility of specialized physical therapist

Checklist responsibility: physical therapist

Intensity: active respiratory exercises, active assisted circulatory exercises if
the patient can’t do the exercises alone, passive circulatory exercises in case of
fever

Repetitions: 5 - 7 times per set, one set is enough for each exercise in the check

box as can as possible

5. Discussion

Three pandemics occurred in the previous century: “Spanish influenza” in 1918,
“Asian influenza” in 1957, and “Hong Kong influenza” in 1968 [14]. Over the
last decades the emergence of SARS, HIN1, Influenza A, and Middle Eastern
Respiratory Syndrome (MERS) illustrates the powerful threat of cross-species
transmission events that have led to novel human disease with consequential
global impact [15]. Coronaviruses are important human and animal pathogens.
At the end of 2019, a novel coronavirus was identified as the cause of a cluster of
pneumonia cases in Wuhan, a city in the Hubei Province of China. It rapidly
spread, resulting in an epidemic throughout China, followed by an increasing
number of cases in other countries throughout the world [16].

Mostly, recent scientific articles in physical therapy field that interfere with
COVID-19 management talked about role of physiotherapist in chest clear on
percentages of patients with chest secretions and patients with co-morbid that
have another health issues that require physical therapy service e.g. neurological

issue. They neglected the role of exercises even gentle in improving cardiopul-
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monary system, improving the quality of breathing, raising the immune of lungs
and increase self-confidence and sense of well-being. On the other hand, howev-
er physical therapy should be recognized as an effective treatment method that
improves the prognosis associated with pulmonary complications which de-
crease mortality, it can provide protective umbrella from morbidity of COVID-
19 [17].

Simply, coronavirus proliferation in lung decreases the capacity of ventilation
and the quality of breathing. The goal we need is to strengthen the immune sys-
tem or reducing the ability of the virus to spread across the pulmonary tissue
may be achieved by increasing chest expansion, the respiratory muscles power
especially the diaphragm and encouraging effective passive recoil of it during
quite breathing, this is what happened as physiological adaptation to breathing
exercise through direct respiratory muscles activity during breathing exercises
and through indirect respiratory system activity as response of physiological
oxygen demand during circulatory exercises, these theories are compatible with
New England Complex System Institute (March 2020) which recommended
aerobic exercise before infection to strengthen cardiovascular health. Once in-
fected, during the period of mild symptoms, moderate daily aerobic exercise can
improve lung ventilation. Such exercise may benefit immune function as well
(8].

There is a need to more fully incorporate multidisciplinary rehabilitation
teams inclusive of physiotherapy along the coronavirus disease from acute and
inpatient care, through to the ambulatory settings and onwards into the com-
munity [15]. To be effective, rehabilitative interventions must be considered
during the planning and allocation of resources used to control a disease pan-
demic [18].

This article is compatible with Kusnanto et al (2018) [19] spiritual emotional
breathing (SEB) can improve the quality of respiratory function and the mod-
ulation of immune response in tuberculosis patients. The emotional spiritual
approach is part of the science of energy psychology that aims to turn the nega-
tive energy in a person into positive energy that can help the healing process.
This therapy is performed as a complementary therapy for TB patients to im-
prove their quality of life and the control of symptoms.

Limitation:

Given the recent presentation of COVID-19, clinical guidance may change as
more is learnt about the natural history of this disease.

6. Conclusions and Recommendations

“WHO has been assessing this outbreak around the clock and we are deeply
concerned both by the alarming levels of spread and severity, and by the alarm-
ing levels of inaction” WHO Director-General said at the COVID-19 media
briefing in 11" of March 2020 [20].

Pneumonia is one of its common complications which increase mortality rate

in geriatrics and patients with other co-morbidities, breathing and circulatory
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exercises have great effects on decreasing pneumonia, improving pulmonary

function, increasing lung immunity and improving psychological status that

helping patients to protect high risk patients and may be a cause of survive. This

study recommended the following:

Application of this protocol in treatment program of COVID-19.
Physiotherapists are required to have specialized knowledge, skills and deci-
sion-making to work within ICU.

Further researches are needed to assess the role of exercises in prevention
and management of COVID-19.
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