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Chapter

Respiratory Failure in COVID-19 
Condition
Olalekan Bukunmi Ogunro and Oluwaseun Ruth Olasehinde

Abstract

Respiratory failure, characterized as the unsuccessful maintenance of adequate 
gas exchange, is associated with abnormalities of arterial blood gas tensions. The 
coronavirus disease-2019 (COVID-19) is majorly a respiratory disease capable of 
causing infection caused by the newly discovered coronavirus (SARS-CoV-2) with a 
consequential effect on respiratory failure. Simply put, respiratory failure is the major 
clinical demonstration of COVID-19 and the frontline cause of the associated mortal-
ity. Respiratory failure instigated by COVID-19 has some clinical features in affected 
patients. Disorders of the respiratory neuromuscular, airway, pulmonary vesicles, and 
lung parenchyma all manifest in COVID-19. These features are heterogeneous and 
categorized into progressive respiratory distress and unique “silent hypoxemia” as 
two phenotypes. Knowing the exact phenotype in patients with COVID-19 has been 
of important clinical significance in seeking the right treatment strategies for treating 
respiratory failure. The chapter will, therefore, provide more insights into the patho-
physiology, clinical attributes, pathogenesis, and treatment approach of respiratory 
failure in COVID-19 conditions, as well as evaluate any similarities and differences 
that may exist.

Keywords: COVID-19, respiratory insufficiency, breathing difficulty, ventilation, 
oxygenation, respiratory dysfunction, respiratory failure, SARS-CoV-2

1. Introduction

Breathing is an indispensable requirement in life. Ideally, in humans and all mammals, 
oxygen (O2) from the air is breathed into the lungs, while carbon dioxide (CO2) is breathed 
out as a waste product made by cells of the body. Oxygen utilization and carbon dioxide 
production are, therefore, essential to life. The proper function of tissues and organs 
requires adequate oxygen from the lungs into the blood. The respiratory system allows the 
entry of O2 and the parting of CO2 in the body. Accumulated carbon dioxide causes severe 
damage and injury to these tissues and organs and slows the rate of delivery of oxygen to 
the body.

Respiratory failure is a grave condition that makes breathing difficult without any 
aid and usually sets in when the lungs are unable to get adequate oxygen (hypoxic 
respiratory failure) into the blood or the difficulty of the lungs to get rid of carbon 
dioxide (ventilator failure) to meet metabolic requirements. Acute respiratory failure 
may be quick and happens without prior notice. In most cases, it is associated with 
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breathing diseases/injuries such as pneumonia, stroke, opioid overdose, or even 
injury of the spinal cord or lungs.

Patients with respiratory issues can have illness from a family of viruses known as 
coronavirus. The term “corona” refers to the surface of the virus, which is coated in 
spikes like crowns. Examples of coronaviruses that infect humans include the com-
mon cold and severe acute respiratory syndrome (SARS). A new coronavirus known 
as severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is the cause of the 
infectious disease known as coronavirus disease-2019 (COVID-19) [1, 2]. The corona-
virus disease 2019 (COVID-19) pandemic is caused by the novel coronavirus regarded 
as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). COVID-19 was 
identified initially in December 2019 in Wuhan, China, by several patients. Since 
then, COVID-19 has raised myriad global concerns [1]. One of the resultant effects 
of COVID-19 is lung damage with gradual declination may result in acute hypoxic 
respiratory failure and, in the worst scenario, results in acute respiratory distress 
syndrome (ARDS). Acute hypoxemic respiratory failure is a major clinical feature of 
COVID-19 during inflammation of the lungs. COVID-19-related respiratory failure 
has features of injury to the alveolar epithelium cells, while the endothelium cells may 
be less damaged [3].

Apart from meeting the Berlin definition of ARDS, COVID-19 has uniqueness in 
both pathological and pathophysiological characteristics, not limited to endothelial 
injury, pulmonary capillary hyperplasia, and extensive microthrombus [4]. COVID-
19 can, therefore, be regarded as a preponderantly respiratory infectious disease with 
respiratory failure as the principal clinical outcome and the pre-eminent cause of 
mortality [5].

As in patients who battle with respiratory failure instigated by other means, heteroge-
neity of clinical features exists in persons with respiratory failure instigated by COVID-
19. The gradually advancing respiratory distress and distinct silent hypoxemia are the 
two phenotypes. Recognition of the exact phenotypes in patients with COVID-19 will be 
of immense value for the best treatment options. In most cases recorded, respiratory fail-
ure due to COVID-19 develops very quickly because this disease affects the respiratory 
system primarily while damage to other organs may be secondary [6]. Since there is still 
no major cure treatment for COVID-19, it is therefore important that the key therapeutic 
intervention focuses on symptomatic treatment of respiratory failure. This chapter is 
focused on providing scientific insights into the epidemiology, pathophysiology, and 
clinical features of respiratory failure in COVID-19 conditions to help healthcare profes-
sionals manage patients with COVID-19.

2. Respiratory failure

The system for taking in oxygen and releasing carbon dioxide commences at the 
nose and mouth and goes through the airways and the lungs. Air usually comes in 
through the respiratory system via the nose and mouth and is then taken down the 
pharynx through the larynx. A cartilaginous structure known as epiglottis usually 
covers the entrance to the larynx. The epiglottis prevents food from getting into the 
airways by closing automatically during food intake [7].

Respiratory failure sets in when the respiratory system fails to meet the oxygen and 
ventilatory demands of an individual/patient. Respiratory failure, therefore, is a clinical 
term that defines the failure of the respiratory system to preserve its physiological role 
of gas exchange such that PaO2 maintained is not beyond 60 mmHg and/or PaCO2 
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greater than 50 mmHg. Respiratory failure happens when the breathing system cannot  
sustain enough levels of blood oxygen, as well as difficulties in eliminating carbon 
dioxide in the blood [8]. Respiratory failure can be a slow development with symptoms 
not limited to shortness of breath, distress in breathing, extreme tiredness, restlessness, 
and drowsiness (when the low oxygen level is low), as well as headaches, blurry sight, 
disarray, speedy breathing (carbon dioxide levels is high). In newborns, symptoms of 
respiratory failure may include inward pull of the ribs’ muscles, speedy breath, nostrils 
broadening with the breath, grunting, and bluish skin and lips tone. Respiratory failure 
poses a serious threat to the lungs and other vital organs [9].

Diagnosis of respiratory failure may be determined by the blood levels of oxygen 
and carbon dioxide levels apart from a physical examination. Generally, factors such 
as the blood levels of oxygen and carbon dioxide, causative factors, and rate of devel-
opment determine the symptoms associated with respiratory failure. Acute respira-
tory failure can result in a life-threatening emergency that necessitates additional 
oxygen through nasal tubes or a breathing-aided machine (ventilator) [10].

Factors such as age, environment, medical condition, lifestyle habits, or drugs 
increase the risk of respiratory failure. For instance, infants with neonatal respira-
tory distress because of the under-developed lung, certain lung birth defects, or 

S/N Circumstances Conditions Outcome

1 Difficulty in breathing Weakness following collapsed 

airways and stroke

Blockage of the windpipe

2 Difficulty exhaling Asthma condition and conditions 

of chronic obstructive pulmonary 

disease

Narrowing of airways; 

accumulation of mucus and 

narrowing of the airways

3 The difficulty of air 

entry to the lungs

Weak muscles, severe pains, 

airway blockage by mucus, 

fractured or broken ribs, and 

pneumothorax

respiratory failure

4 Retention of fluid in the 

lungs

Lack of oxygen passage from the 

air sacs into the blood makes it 

difficult for the blood’s carbon 

dioxide to enter the air sacs to be 

exhaled

Accumulation of fluid in 

the lungs associated with 

the condition such as ARDS, 

pneumonia, drowning, heart 

failure, and head injury or 

trauma

5 Breathing muscles 

difficulties

Spinal cord trauma or condition 

of many diseases of the muscular 

system (occurring among 

members of a family) due to 

inadequate oxygen-rich blood in 

reaching the diaphragm and other 

breathing muscles or condition of 

cardiogenic shock and sepsis

Non-vitality and muscle 

wasting (muscular 

dystrophy)

6 Situations that affect 

the brain’s control over 

breathing, usually when 

there is an overdose of 

drugs like an opioid 

overdose

High concentrations of carbon 

dioxide in the blood detected by 

the brain

Accumulation of carbon 

dioxide in the body while the 

concentration of oxygen fall

Table 1. 
Circumstances, conditions, and the resultant effect of respiratory failure.
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pulmonary hypertension are more vulnerable to respiratory failure, while aged 
persons with weak breathing muscles or with a common cold or allergies are more 
prone to respiratory failure [11]. Also, breathing lung irritants (such as dust, chemical 
fumes, dyes and paints, asbestos, aniline, or smoke) from the environment for a long 
period of time can lead to lung damage and pose a risk of severe lung diseases [12]. 
There is also more danger of respiratory failure with some medical conditions such 
as disorders of the muscles and nerve (like Guillain-Barre syndrome, amyotrophic 
lateral sclerosis, and myasthenia); diseases of the airways and lungs (cystic fibrosis, 
interstitial lung diseases, asthma, and COPD); congestive heart failure or pulmonary 
embolism; spinal cord or brain infections; meningitis; pneumonia; bronchiolitis; 
obstructed airway; chest or back injuries; severe scoliosis; and food or drug allergies 
[13, 14]. Moreover, life habits like smoking can instigate diseases of the lungs and 
potentiate vulnerability to respiratory failure. Indiscriminate alcohol or drugs affects 
the area of the brain that controls breathing by making breathing becomes slow and 
shallow and may ultimately give rise to acute respiratory failure. In addition, some 
sedatives used during surgery raise the risk of respiratory failure [15]. Respiratory 
failure may be a resultant effect of many factors described in Table 1.

Respiratory failure can be classified as hypoxemic (Type 1) and hypercapnic 
(Type 2). Hypercapnia often results from a failed respiratory, leading to PaCO2 
greater than 50 mmHg. In the hypoxemic respiratory failure associated with COVID-
19, ARDs, severe pneumonia, and edema, PaO2 is lesser than 60 mmHg with normal 
or subnormal PaCO2 [16].

3.  Pathogenesis and pathology of ARDS-associated and non-associated 
COVID-19

In contrast to the conventional ARDS, the pathogen of COVID-19 is obvious; 
SARS-CoV-2 causes it, a beta-coronavirus that gains entry into the cells by binding 
the angiotensin-converting enzyme 2 (ACE2) receptor via the viral structural spike 
(S) protein. Alveoli (II) epithelial cells, small intestine, bronchia, vesicle, and numer-
ous types of immune cells, such as macrophages, monocytes, and dendritic cells, all 
contain ACE2 receptors in varying degrees. As a result of attacking the lung immune 
cells, SARS-CoV-2 can cause a lower respiratory infection and trigger an inflamma-
tory reaction [17].

Comparing COVID-19 to a typical case of ARDS, the pathophysiology is more 
complex and varied. Some patients with acute COVID-19 proceeded to well-known 
ARDS, although a sizable portion of these patients did not exhibit the “reduced lung 
capacity and impaired compliance” that are typical of classical ARDS. In contrast 
to how severe the hypoxemia is, their pulmonary compliance is almost normal. 
Additionally, intrapulmonary shunt, along with dead space ventilation, is the primary 
cause of ARDS-related hypoxemia [4, 18]. Hypoxemia caused by COVID-19 can be 
understood by dysfunctional hypoxic pulmonary vasoconstriction, which impairs 
lung perfusion regulation, and microthrombus of the lung alveoli, which simultane-
ously increases dead space and causes intrapulmonary shunt. Reports have shown that 
patients with COVID-19 experience hypoxemia for a variety of reasons, including 
vascular dysfunction, dead space, and intrapulmonary shunt [19].

Gattinoni et al. classified the COVID-19 phenotype as type H and type L. The fol-
lowing were the key L-type symptoms: (1) Low elastance, almost normal compliance, 
and nearly normal lung gas content are indicators of low elastance. (2) Low ventilation 
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to perfusion ratio. (3) Lightweight lungs and (4) Limited lung recruitment. Although 
there is significant hypoxemia in these patients, respiratory compliance is beyond 
50 ml/cm H2O. The lung is not very recruitable and contains a lot of gas. The main 
cause of severe hypoxia is the impaired ventilation-to-perfusion ratio [20].

High PEEP and prone positioning are used to increase oxygenation, but not 
by encouraging the enlargement of the collapsed alveolar region, but rather by 

Figure 1. 
Comparison of ARDS-associated and non-associated COVID-19. Source: Lu [4].
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redistributing pulmonary perfusion and boosting the ratio of ventilation to perfusion. 
Although the venous blood mixing from right to left shunt is apparent in these indi-
viduals, about 50% of computerized tomographic scans of the two lungs have shown 
no notable alveolar region in these individuals [21]. The primary symptoms of H-type 
COVID-19 include worsening of edema of the lungs and a reduction in pulmonary gas 
volume, which causes an increase in stretching resistance and a reduction in pulmo-
nary compliance, high right-to-left shunt that is brought on by the alveolar collapse in 
gravity-dependent areas, large lung mass, high recruit ability of the lungs. H-type and 
conventional severe ARDS are comparable [22]. It has been reported that 20–30% of 
COVID-19 patients who are hospitalized in the intensive care unit (ICU) show severe 
hypoxemia and lung compliance below 4 ml/cmH2O, which may indicate the exis-
tence of severe ARDS [23]. Individuals with serious hypoxemia who were hospitalized 
in ICU had non-invasive ventilation initiated; these patients also exhibited robust 
spontaneous inspiratory efforts and significant chest negative pressure. Thus, these 
individuals also suffer patient self-induced lung injury (P-SILI) and viral infection 
[24]. Many COVID-19 patients exhibited L-type in the early stages. L-type can change 
into H-type in the late stages of the disease due to the progression of the condition and 
lung damage brought on by high-stress breathing [25].

The pathophysiology of conventional ARDS and COVID-19-induced ARDS differ 
significantly, with the L-type of COVID-19 being the most notable variation. There 
are numerous explanations that could apply (Figure 1). Considering the etiology 
of ARDS, typically, shock, sepsis, transfusion, trauma, and other insults result in 
endothelial and epithelial damage as well as disruption of the blood-gas barrier, which 
increases permeability and causes the flooding of the alveolar and interstitial spaces 
by protein-rich fluid, resulting in low compliance, decreased lung volume, and an 
improper ratio of ventilation to perfusion [4]. COVID-19 pathogen is nonetheless 
known to be SARS-CoV-2 and the associated variations, which primarily target the 
endothelium via the ACE2 receptor with only little effects on the epithelial cell. As a 
result, lung compliance and volume are practically normal. Additionally, COVID-19’s 
damaged pulmonary endothelium lost its ability to regulate lung perfusion due to 
hypoxic vasoconstriction, which ultimately led to the development of an intrapulmo-
nary shunt [26, 27]. Furthermore, the COVID-19-damaged pulmonary endothelium 
changes from a typical anti-inflammation condition to an “active” phenotype defined 
by pro-adhesive qualities, inflammatory mediators production, and the development 
of microthrombi, which causes the amount of dead space to increase [28].

4. Hypoxemic respiratory failure in COVID-19 condition

A better understanding of the pathophysiological aspects of COVID-19 continues 
to ensue with the discovery of different variants of SARS-CoV-2. Viral pneumonia 
remains the principal complication of COVID-19 simply because it is associated 
with fluid retention in cells, tissues, or serous cavities of the interstices of the lungs, 
usually situated in the sub-pleural areas [29]. Severe hypoxemia probably occurs 
during the phase whereby a relative amount of lung parenchyma is involved, but the 
exact mechanism is not fully understood. A perturbed control of pulmonary vascular 
tone (vasoplegia) is, however, suggested to be the cause whereby vascular tone is not 
constricted despite alveolar hypoxia (Figure 2) [31].

The mouth, nose, or eyes are the main entry points for COVID-19 causative virus, 
SARS-CoV-2, into the body. The mucous membrane in the back of the throat and the 
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rear of the nasal passages are the next places it travels. It attaches to the cells there, 
reproduces, and enters the lung tissue. The virus might then move on to infect further 
bodily tissues [32].

People who have respiratory issues can become ill from COVID-19 caused by SARS-
CoV-2. The most common clinical symptom and fatality factor of COVID-19 is respiratory 
failure. Asymptomatic to severe respiratory failure are all possible clinical demonstrations 
of COVID-19. People with COVID-19-related respiratory failure may deteriorate to the 
point where they need invasive mechanical ventilation or may not survive [33].

Respiratory illness from mild to severe is usually experienced by most patients 
with virus infection who may recover without special care, while serious ailments 
and demand medical attention may develop in others. Serious illness is more likely to 
affect the elderly and people with underlying medical conditions, including cardio-
vascular disease, diabetes, chronic respiratory diseases, or cancer. COVID-19 has 
the potential to cause serious illness or kill anyone at any age [34]. Acute respiratory 
distress syndrome, also known as ARDS, is a serious side effect of COVID-19, and 
lung problems include pneumonia. There could be long-term harm to the lungs and 
other organs because of sepsis, another potential COVID-19 side effect. More serious 
respiratory diseases like bronchitis that can necessitate hospitalization may also be 
brought on by more recent coronavirus strains.

Lung inflammation and fluid accumulation are symptoms of pneumonia. 
Respiratory difficulties in certain patients can be so severe that they require medical 
care, oxygen therapy, and perhaps a ventilator. Pneumonia due to COVID-19 usually 
affects both lungs. Coughing, shortness of breath, and other symptoms appear when 
the fluid-filled air sacs in the lungs’ ability to absorb oxygen are blocked. Despite the 
fact that most patients recover from COVID-19-induced pneumonia without any 
long-term lung damage, pneumonia can be rather severe. Lung damage may result 
in breathing issues even after the illness has stopped; these issues may improve over 
several months [34].

Figure 2. 
Severe hypoxemia probably occurs during the phase whereby a relative amount of lung parenchyma. Source: 
Brosnahan [30].
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Bronchitis in COVID-19 conditions is associated with excessive production of 
sputum in the airways. The excessive sputum leads to cough and chest congestion and 
constricts the airways, making breathing more difficult. Even after recovery from 
COVID-19 infection, inflammation of the membranes lining the bronchial tubes 
may continue to stimulate coughing with consequential effects on the quality of life 
[35]. Furthermore, the alveoli are filled with fluid from the lungs’tiny blood veins 
as COVID-19 pneumonia advances. The resultant outcome is the development of 
acute respiratory distress syndrome (ARDS), which is the term for lung failure that 
may occur as a result of shortness of breath. In order to assist the body in circulating 
oxygen, many ARDS patients are unable to breathe on their own and may require 
ventilator support. Recovery from COVID-19 and ARDS may result in lung scarring 
that lasts a lifetime [36].

Severe COVID-19 infection complications include sepsis. When an infection gets 
into the bloodstream and circulates throughout it, causing tissue damage, sepsis starts 
to take hold. The collaboration between the organs breaks down in sepsis. The lungs 
and heart are only two examples of the many organ systems that can begin to shut down 
one after the other. Even in cases where sepsis is successfully treated, the patient may 
experience long-term lung and other organ damage [37]. In the COVID-19 condition, 
the immune system is actively battling the invader. This could make the body more sus-
ceptible to a superinfection—the simultaneous infection of the body with two viruses 
or bacteria—on top of COVID-19. Additional infections may cause more lung damage. 
There is a startling observation that one in four patients who get severe COVID-19 also 
have a superinfection, which means that their recovery will be slower [38, 39].

5. Hypoxemic respiratory failure in COVID-19

The causes of respiratory failure in COVID-19 conditions can be intrapulmonary 
shunting, lung perfusion regulation loss, intravascular microthrombi, impaired diffu-
sion capacity, preservation of lung mechanics, and rapid deterioration [40].

V/Q mismatch principally causes arterial hypoxemia at the initial state of SARS-
CoV-2 infection. Therefore, continuous flow of pulmonary arterial blood to the 
non-ventilated alveoli manifests a significant increment in P(A-a)O2 gradient, which 
eventually results in local interstitial edema domiciled mainly at the interface that can 
be termed intrapulmonary shunting [14, 30].

A proportional failure of the hypoxic pulmonary vasoconstriction mechanism or 
constriction of intrapulmonary arteries in alveolar hypoxia in COVID-19 condition 
usually causes a never-ceasing increase in the pulmonary flow of blood to nonaerated 
alveoli of the lung [3]. This cascade of events leads to the loss of control over lung 
perfusion. The resultant effect is a decreased concentration of angiotensin-converting 
enzyme 2 (ACE2) associated with an increased level of angiotensin II (Ang II), 
leading to arbitration of pulmonary vasoconstriction via agonist effect at the Ang II 
receptor, while being antagonized by Ang 1–7 [41].

Furthermore, the imbalance between fibrinolytic activity and procoagulant 
majorly results in intravascular microthrombi when there is severe inflammation and 
endothelial injury (a hallmark of COVID-19 pathogenesis). Endothelial injury can 
be a result affect infection of the lung capillary endothelial cells by a cytopathic virus 
that directly affects the expression of ACE2 [42].

It is also possible that the lung diffusion capacity is impaired due to the loss of 
alveolar epithelial cells from COVID-19. This results in the propagation within the 
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alveolar cells (type II cells). In this situation, the production of many viral par-
ticles that are being released leads to an immune response that mediates the death 
of infected cells. This increases P(A-a)O2 gradient and arterial hypoxemia in the 
COVID-19 condition [12, 43].

It has also been known that there is a peak of COVID-19 challenge in patients on 
mechanical ventilation, signifying probably low respiratory system compliance. On 
the contrary, an increased airway resistance or increase in physiological and anatomi-
cal inactive ventilation usually does not occur at the onset of infection. There is also a 
steady breathing rate maintained at a low frequency as much as there is normality in 
lung compliance in patients having no underlining lung disease [44].

There can be a rapid deterioration in patients with COVID-19 that has an impact 
on the cortical response obtained from respiratory points. Consequently, the disease 
advances with a concomitant increase in dyspnea [45].

6. Clinical manifestation of respiratory failure in COVID-19

An 8- to 12-day incubation period was usually experienced by persons having 
COVID-19. The symptoms of COVID-19 might range from being asymptomatic 
and having minor symptoms to having severe ARDS. The most prevalent symptoms 
in patients with severe COVID-19 who needed to be admitted to the hospital were 
cough, fever, and dyspnea [46]. Patients with COVID-19 frequently experience extra-
pulmonary organ symptoms, including gastrointestinal ones like vomiting, nausea, 
and diarrhea, as well as taste and smell loss, headaches, bone pain, muscular aches, 
and other similar ones [47].

Some patients with cases of COVID-19 do not exhibit evident dyspnea while having 
significant hypoxemia, with oxygen saturation below 70% and partial pressure of 
arterial oxygen below 40 mmHg, a condition known as “silent hypoxemia” or “happy 
hypoxemia.” The predominant partial pressure of CO2 inhibits the reaction of the brain 
to hypoxia, abnormal chemoreceptor function of the carotid body caused by virus 
attacks, inaccurate oxygen in arterial blood at low saturations, shifts in the oxygen 
dissociation curve, and distinct permissiveness of low oxygen concentrations [45, 48]. 
Another possibility for “silent hypoxia” is a cardiorespiratory adaptation to hypoxemia. 
Tachycardia and increased cardiac output are the typical reactions. However, these 
reactions are constrained by aging, genetics, and concurrent diseases. Lactic acidosis, 
bradycardia, and a lower cardiac output are signs that the body is unable to make up 
for the reduced oxygen transfer. The latter could appear suddenly, and they are all 
warning signs of impending tissue damage or hypoxemia-induced mortality [49].

Because there are so many blood vessels in lung tissues, SARS-CoV-2 can directly 
instigate severe harm to the vascular endothelium of the lung. Variable degrees of 
damage are also exhibited by the airway and alveolar epithelium [50]. Endothelial cell 
activation potentiates inflammatory reactions and coagulation apart from participat-
ing in the adhesion, rolling, and migration of inflammatory cells. This cascade of 
events eventually results in coagulation activation, diffusion dysfunction, and barrier 
degradation [51].

Edema, infiltration of inflammatory cells, fibrinous exudation, congestion of 
alveolar septal vesicle, vascular thrombi, and hemorrhagic necrosis are some of the 
pathological symptoms of COVID-19 [52]. On postmortem, these patients had a diffuse 
alveolar injury (DAD) recorded in 67–100% of them, which is consistent with the usual 
ARDS. The COVID-19 patients did, however, exhibit specific vascular characteristics, 
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such as microthrombosis and hyperplasia, as a result of the severe endothelium destruc-
tion. SARS-CoV-2 infection directly contributes to the development of endotheliitis in a 
number of organs as a result of viral participation (distinguished by the involvement of 
viral bodies) and the response of inflammation of the host (Figure 3) [4].

Studies have shown distinctive vascular features in the lungs of COVID-19 fatality 
patients. Capillary microthrombi of the lungs were nine times higher in COVID-19 
patients than in influenza patients. It was complemented by capillary hyperplasia via 
intussusceptive angiogenesis, together with interrupted cell membranes and severe 
endothelial injury with an intracellular virus [53, 54]. A pulmonary embolism repre-
sented one-third of the patients’ primary causes of death in an autopsy analysis of 12 
consecutive COVID-19 patients. The frequency of deep thrombosis in the veins was 
up to 58%. These findings imply that the primary vascular alterations in COVID-19 
patients, including microthrombosis of the lung capillary, damage of the epithelial 
cells, and hyperplasia are what distinguish them from ARDS patients and result in a 
distinct pathophysiological action and therapeutic feedback [55, 56]. Although the 
majority of patients had DAD, these data came from autopsies of people who had 
COVID-19-related deaths. DAD is most likely a late-stage manifestation of this illness 
rather than an early indicator [57].

Figure 3. 
Pathobiological effects of epithelial injury tiny air sacs of the lungs by acute respiratory syndrome coronavirus-2 
(SARS-CoV2) infection. Source: Brosnahan [30].
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7. Management of respiratory failure in COVID-19 condition

The pathology and management of hypoxemic respiratory failure in the COVID-
19 condition have similarities with acute respiratory distress syndrome. Acute hypox-
emic respiratory failure, often manifested as hemoglobinopathies, pulmonary edema, 
or vascular occlusion, is considered a grave complication of COVID-19 and requires 
mechanical ventilation [19].

Mechanisms (including include vascular occlusion, hemoglobinopathies, pulmo-
nary edema, and a mismatch between ventilation and perfusion) have been proposed 
for the substantial hypoxemic condition in patients. However, histopathological eval-
uation reveals the similarity between diffuse alveolar damage or related etiologies and 
ARDS [58]. Also, many comparable features exist between the variable pulmonary 
compliance in COVID-19 and pulmonary compliance values in ARDS. As a whole, 
patients with COVID-19 have similar pathology to ARDS [19]. Oxygen therapy, 
non-invasive ventilation, and intubation are ways of managing respiratory failure in 
COVID-19 condition. However, there may be some factors to consider for the best 
management choice [59]. For instance, there is controversy about choosing between a 
high-flow nasal cannula (HFNC), early intubation, or non-invasive positive pressure 
ventilation because there are patients who may need support beyond supplemental 
oxygen. Protecting healthcare workers from being exposed to viral aerosols while 
rendering care to patients may also be another issue. Also, non-invasive positive pres-
sure ventilation (NIPPV) usually renders ventilatory support out the requirement of 
the endotracheal airway, which keeps the patients awake. This management option is 
non-invasive, but it is not entirely benign. It has been shown that ventilation protec-
tion having minimal volumes and pressures of tide improves results in ARDS patients. 
By and large, management options for respiratory failure in COVID-19 range from 
optimized oxygenation, respiratory support availability, necessary intubation, and of 
course, orienting ventilatory pressure with the needs of patients [31, 60].

8. Conclusion

COVID-19, caused by SARS-CoV-2, is highly infectious that leads to the fatal 
coexistence of two or more related medical conditions, especially ARDS. People 
with respiratory issues can be vulnerable to COVID-19. Therefore, for patients with 
COVID-19 condition, severe hypoxemia associated with ARDS is the frontline cause 
of acute respiratory failure. The most prominent clinical symptom and human death 
factor of COVID-19 is respiratory failure. Symptomless or mild- to life-threatening 
respiratory failure are possible clinical manifestations of COVID-19 condition. 
In individuals with severe COVID-19, critical hypoxemia related to ARDS is the 
major causative factor of acute respiratory failure. COVID-19-associated ARDS 
have similarities with other causes of ARDS in relation to pathology and respiratory 
physiology. In this regard, patients with respiratory failure in COVID-19 conditions 
are usually managed as in the condition of ARDS. Since there is no clear-cut treatment 
for COVID-19, supportive treatment is crucial. Sound knowledge of the features of 
respiratory failure in COVID-19-related ARDS is crucial for accurate treatment. This 
review provides more scientific information on the pathophysiologic mechanisms 
linked with ARDS and severe COVID-19 pneumonia with emphasis on respiratory 
failure related to COVID-19 associated with acute hypoxemia. This will help to 
improve the prognosis.
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