AACN Advanced Critical Care
Volume 33, Number 2, pp. 143-153
© 2022 AACN

Ruff Joseph Macale Cajanding,

MSc (Lond), MBio, BSN, RN

ABSTRACT
Patients with COVID-19 often present with
life-threatening hypoxemia without dyspnea
or signs of respiratory distress. Termed silent
or happy hypoxia, it has puzzled clinicians
and challenged and defied our understanding of normal respiratory physiology. A
range of host- and pathogen-related factors
appears to contribute to its development,
including SARS-CoV-2’s ability to produce
different COVID-19 phenotypes; induce
endothelial damage and elicit a vascular
distress response; invade cells of the central nervous system and disrupt normal
interoception and response; and modulate
transcription factors involved in hypoxic

P

atients with COVID-19 often present
with pronounced severe arterial hypoxemia without manifesting dyspnea or signs
of respiratory distress. This presentation has
been termed happy hypoxia, silent hypoxia,
or nondyspneic hypoxia in the medical literature because patients may exhibit profound
hypoxemia to a level incompatible with life
but without accompanying clinical manifestations associated with a dangerously low arterial saturation such as restlessness, anxiety,
tachypnea, diaphoresis, shortness of breath,
hypotension, and cyanosis.1-3
This baffling presentation was first highlighted by Richard Levitan,1 an emergency
medicine physician working at Bellevue Hospital in New York City, who, writing in the
New York Times, noted the occurrence of a

responses. Because hypoxemia in COVID-19
is associated with increased mortality risk
and poorer survival, early detection and
prompt treatment is essential to prevent
potential complications. Interventions to
prevent hypoxemia and improve oxygen
delivery to the blood and the tissues include
home pulse-oximetry monitoring, optimization of patient positioning, judicious use of
supplemental oxygen, breathing control
exercises, and timely and appropriate use
of ventilatory modalities and adjuncts.
Key words: coronavirus disease 2019,
COVID-19, hypoxemia, hypoxia, nursing,
pathophysiology, SARS-CoV-2

significant number of patients who were admitted in the emergency department with profound hypoxemia but remained completely
asymptomatic. Unlike normal pneumonia, in
which hypoxemia is associated with shortness
of breath and chest pain, the pneumonia associated with COVID-19 causes oxygen deprivation,
which may occur in the absence of breathing
difficulty, hence the term silent hypoxia.4-6
Incidentally, the diagnosis of COVID-19
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Silent Hypoxia in COVID-19
Pneumonia: State of Knowledge,
Pathophysiology, Mechanisms,
and Management
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Review of Relevant
Pathophysiology
Dyspnea: Definition, Regulation,
and Neurobiology

Dyspnea refers to one or several different sensations characterized by shortness of breath,
breathing difficulty, or breathlessness that are
felt, experienced, and reported by an awake,
conscious individual.11,12 The American Thoracic
Society defines dyspnea as the “subjective experience of breathing discomfort that consists of
qualitatively distinct sensations that vary in
144

intensity”13 and is derived “from interactions
among multiple physiological, psychological,
social, and environmental factors, and may
induce secondary physiological and behavioral
responses.”14 Dyspnea can be caused by a wide
and diverse range of medical conditions and is
a common feature of pathologies affecting the
cardiovascular and respiratory system, including COVID-19,15 but other conditions affecting
the neurologic, musculoskeletal, endocrine,
immunologic, and hematologic systems, as
well as some psychiatric and psychologic disorders, have also been implicated as important causes of dyspnea.
Our current understanding of the pathophysiology of dyspnea is derived from a neurobiologic model in which the sensation of
shortness of breath occurs when the brain
perceives an imbalance between the need or
demand to breathe that is unmet by the corresponding mechanical or neuromuscular
response of the respiratory system.11,13 The
physiology and experience of breathing are
part of a complex process and are based on
an intact and coordinated action of 3 interrelated components: afferent receptors and
impulses, central information processing, and
efferent impulses and responses. An activation in 1 or more of the sensory receptors
(ie, chemoreceptors, mechanoreceptors, metaboreceptors, pulmonary fibers) triggers the release
of afferent impulses, which travel to the brainstem, thalamus, limbic system, and cerebral
cortex for processing and integration. This
information is processed and incorporated in
the medulla, the insula, and the cortical network, where an appropriate neuronal output
is generated. Efferent signals are then sent
downstream via the phrenic and thoracic spinal nerves to the diaphragm and intercostal
muscles, stimulating the mechanical response
of breathing.12 Any dysfunction or perturbation in any part of that physiological pathway
can contribute to the experience of dyspnea.
Dyspnea appears to occur when the demand
for ventilation or airflow exceeds the body’s
capacity to provide it. A state of imbalance
develops, which triggers the sensation of distress, unpleasantness, or discomfort, which is
then perceived by the individual.11,13
Dyspnea is multidimensional and has a cognitive and affective dimension that is partly
separate from its sensorial intensity or perceptual experience.13 The experience of dyspnea activates several important structures
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pneumonia is made on the basis of findings
on routine chest radiographs or on computed
tomography scans performed as part of investigations for other presenting complaints or
conditions such as orthopedic injuries, intoxication, trauma, or fall.1 By the time patients feel
severely short of breath, their oxygen levels
have dropped profoundly low and the lung
damage has progressed to the point that most
of these patients are already in critical condition and requiring ventilatory support.
In contrast to the exudative and proliferative
damage associated with other non–COVID-19
pneumonia, wherein the alveoli are completely
filled with fluids or pus, the pneumonia in
COVID-19 is initially associated with normally
compliant lungs but a significantly deranged
ventilation–perfusion (Vࡆ /Qࡆ ) ratio mismatch.7,8
Over time, the cumulative injury from alveolar inflammation and pulmonary vascular
damage, complicated by a dysregulation in
interoceptive and neural responses, contribute
toward the development of hypoxemia and
the associated blunting of dyspnea. Accumulated evidence has shown that among patients
with COVID-19, dyspnea and hypoxemia are
associated with increased hospital mortality
rates and worse survival,9 and this is brought
about by the hypoxic damage to vital body
organs as a result of direct oxygen starvation
and the associated inflammation.10 The great
number of patients with COVID-19 who are
reported to have silent hypoxia is concerning,
given that these individuals reflect the subset
of patients who may benefit from early aggressive interventions that have the potential to
prevent catastrophic complications. A thorough
understanding of the pathophysiology of silent
hypoxia is crucial if we are to develop effective treatment strategies that are aimed at
addressing this complex and devastating
physiologic phenomenon.
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in the brain that are linked with emotions,
anxiety, mood, attention, pain, and learning.
Cognitive and affective states strongly influence respiratory perception, and they play an
important role in the modulation, treatment,
and control of this distressing symptom.16
Hypoxia and Hypoxemia: Etiology,
Determinants, and Mechanisms

cells or an impaired extraction or use of oxygen by the tissues can lead to tissue hypoxia.19
Maintaining adequate blood oxygenation
depends on several factors, the most important of which include the fraction of inspired
oxygen; the adequacy of alveolar ventilation;
matching of alveolar blood flow to the alveolar gas in the alveolar-capillary units (ie, Vࡆ /Qࡆ
ratio matching); effective diffusion of oxygen
through the alveolar-capillary interface and
from the plasma to the red blood cells; and
the adequacy of amount of hemoglobin in
the blood and its binding to oxygen.19 Cellular oxygen uptake and extraction are determined by the metabolic demands of the tissues,
degree of dissociation of oxygen from hemoglobin in accordance with the hemoglobin–
oxygen dissociation curve, the size of the
partial pressure of oxygen gradient between
capillary blood and mitochondria, and the
diffusion distance from capillary to cell.21
Last, cellular use of oxygen in the cells depends
on the rate of cellular metabolism, which is
affected by, for example, temperature regulation, fever, sepsis, trauma, sympathetic activation, pain, shivering, catecholamine, and
stimulant drugs; and the presence of drugs,
toxins, or poisons that can uncouple oxidative phosphorylation or lead to inhibition of
oxygen cellular metabolism (eg, cyanide, oligomycin, rotenone, endotoxins in sepsis,
other cytokines).
Body’s Response and Adaptation
to Hypoxia

The ability of cells to sense, detect, and
respond to hypoxia is crucial in maintaining
tissue homeostasis, differentiation, growth,
and survival. Cells respond to tissue hypoxia
by increasing oxygen extraction from surrounding tissues, using “hibernation” or survival
strategies to reduce metabolic rate, downregulating high-energy–requiring cellular functions such as protein production and ion
transport, and shifting to anaerobic metabolism.22 Several transcription factors play an
important role in sensing and responding to
tissue hypoxia, the most understood of which
is hypoxia inducible factor (HIF)-1, which is
a constitutionally expressed transcriptional
activator whose activity is strictly regulated by
lowered cellular oxygen tension.23
In oxygen-deplete environments, HIF-1
upregulates the transcription of vascular endothelial growth factor to promote endothelial
145
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Although they are used interchangeably, the
terms hypoxia and hypoxemia are not synonymous. Hypoxemia is defined as a decrease
in the partial pressure of oxygen in the blood
(ie, partial pressure of arterial oxygen [Pao2]
below normal [ie, < 80-100 mm Hg (10.613.3 kPa)]), whereas hypoxia is defined as
the failure of oxygenation at the tissue or
cellular level.17,18
Hypoxemia can be directly determined by
measuring the Pao2 levels in an arterial blood
specimen or the percentage of total hemoglobin saturated with oxygen (< 88%-92%), or
indirectly determined by measuring peripheral
oxygen saturation levels.19 Tissue hypoxia,
which is defined biochemically by low levels of
adenosine triphosphate, high levels of reduced
nicotinamide adenine dinucleotide, or decreased
levels of oxidized cytochrome aa3, is very difficult to quantify clinically, apart from surrogate markers and clinical indicators that
reflect poor tissue oxygenation at the cellular
level.20 The 2 most commonly used clinical
biomarkers of tissue hypoxia include blood
pH and blood lactate level, the derangement
of which is based on the understanding that
tissue hypoxia associated with anaerobic
metabolism leads to the production of lactic
acid and a drop in blood pH. However, given that
blood pH and lactate values reflect global
or systemic disturbance and are only crude
measures of tissue anaerobiosis, isolated pH
and lactate readings cannot be reliably used
to determine or identify the source of hypoxia
in an acidotic gas. In addition, other metabolic
derangements can cause acidosis in the presence of normoxemia or normal cellular oxygenation (eg, diabetic ketoacidosis; methanol,
salicylate, toluene, biguanide, ethylene glycol
poisoning; hyperchloremic acidosis) and can
also be iatrogenic (eg, result of transfusion of
large volumes of intravenous fluids containing
lactate, chloride, or bicarbonate).
Hypoxemia is one of the main causes of
tissue hypoxia; however, any process that leads
to reduced or defective delivery of oxygen to
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cell migration and accelerate angiogenesis to
form new blood vessels to supply the hypoxic
area with oxygenated blood.24 HIF-1 also
decreases cellular mitochondrial oxygen consumption by shifting to anaerobic metabolism
for cellular energy production. Finally, HIF-1
plays a role in activating genes involved in
erythropoiesis and hemoglobin biosynthesis,
modulating inflammatory responses by accentuating bactericidal responses by myeloid cells,25
and protecting cardiac cells from damage
caused by ischemia.26
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sputum production, pneumonia, ARDS, acute
hypoxic respiratory failure, to sudden death
due to severe hypoxia refractory to oxygen
therapy.15 Epidemiologic studies have shown
that less than 50% of patients with COVID-19
present with dyspnea, suggesting that breathing difficulties are not pathognomonic or
diagnostic of the disease.31 It was reported,
however, that the occurrence of dyspnea is more
common among patients in whom acute respiratory distress and hypoxemia develop—the
subset of patients with COVID-19 who are
more likely to die.32 In a recent meta-analysis,
authors reported that dyspnea is associated
with disease severity and, together with a low
baseline oxygen saturation in the emergency
department, is a marker of negative prognosis
in COVID-19.33
Hypoxemia without dyspnea has been
reported in early COVID-19 and remains a
perplexing phenomenon under investigation.1-5
Severe hypoxemia in the absence of dyspneic
symptoms, however, is not uncommon and
is seen in other pulmonary conditions, such
as in patients with right to left intracardial
shunt, atelectasis, interstitial lung disease, or
intrapulmonary shunt (arterio-venous malformations),34 the commonest of which is
among patients with type B phenotype chronic
obstructive pulmonary disease, who may
exhibit profound arterial hypoxemia as a
result of Vࡆ /Qࡆ ratio mismatching.17 Although
both hypercapnia and hypoxemia are effective
triggers that can lead to increases in afferent
impulse stimulation of the respiratory center
to stimulate an increase in minute ventilation,
the sensitivity of the respiratory center is more
profound to exquisitely small changes in blood
partial pressure of carbon dioxide levels than
blood Pao2 levels, and hypoxemia remains a
weaker stimulus for breathing.35
In the following sections, the putative mechanisms are discussed that explain how silent
hypoxia can develop in COVID-19 (Figure).
Phenotypes of COVID-19
Pneumonitis

The mechanisms underlying hypoxia in
COVID-19 can be best explained with our current understanding of the pathophysiologic
changes associated with a COVID-19 lung.
Gattinoni et al7 have proposed the existence
of 2 major phenotypes of acute lung injury
in COVID-19, namely, L-type and H-type
phenotypes, each with its own unique

Downloaded from http://aacnjournals.org/aacnacconline/article-pdf/33/2/143/142757/143.pdf by guest on 19 August 2022

Pathophysiologic Mechanisms
of Silent Hypoxia in COVID-19
Although our knowledge of the pathogenesis of COVID-19 infection is rapidly evolving, understanding why some patients remain
completely asymptomatic and why severe disease develops in others remains an active area
of investigation. Approximately 41% of patients
with COVID-19 remain completely asymptomatic. In a recent meta-analysis, authors found
that 20% of people with COVID-19 remained
symptom-free throughout the whole course
of infection.27 Severe disease will develop in
approximately 13% to 20% of infected individuals and largely depends on the presence
of risk factors such as age, race, ethnic background, or sex; existence of underlying health
conditions such as diabetes, hypertension, malignancy, and asthma; and other factors such as
viral dose, viral strain, intensity of exposure,
immunization status, and socioeconomic factors.28,29 Determining the full distribution and
epidemiology of COVID-19 infection is challenging because the full spectrum of COVID-19
infection—from being completely asymptomatic to being paucisymptomatic (ie, subclinical),
having mild to moderate and severe disease,
fulminant pneumonia, and acute respiratory
distress syndrome (ARDS), and nonpulmonary COVID-19 involvement—is difficult to
ascertain, and an overlap between various
subtypes is not uncommon.30
SARS-CoV-2 invasion of the epithelial cells
of the upper airway and of type I and II alveolar cells in the lower respiratory passages is
essential for establishing infection, and the
localized effects on the airway parenchymal
and vascular endothelial cells are responsible
for the clinical manifestation of respiratory
disease.7 Patients with COVID-19 often present with varying degrees of respiratory involvement ranging from dyspnea, cough, sore throat,
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COVID-19 Phenotypes
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Cellular Response to Hypoxia

L-type & H-type COVID-19
phenotype

Impaired hypoxia-inducible
factor-1 response and signaling

Failure of hypoxic pulmonary
vasoconstriction response

Activation of cytokine storm,
complement activation, and
proinflammatory responses to
viral infection

Progressive ventilation/
perfusion impairment

Nervous System Involvement
Cardiovascular Involvement
Invasion of carotid bodies and
blunting of chemosensitivity
Endothelial vascular injury
and endotheliitis

Initiation of a right-to-left
intrapulmonary shunting

Neuronal invasion and CNS
damage
Imbalance of neurotransmitters
involved in ventilatory
responses

Figure: Putative pathophysiologic mechanisms involved in the development of silent hypoxia in patients
with COVID-19. CNS indicates central nervous system.

pathophysiologic features and management
implications.
L-type COVID-19 is characterized by low
elastance, low Vࡆ /Qࡆ ratio, low lung weight,
and low lung recruitability, which is often the
most common presentation of COVID-19
pneumonia and is usually the stage in which
silent hypoxemia occurs. Patients presenting
with L-type COVID-19 phenotype have preserved and acceptable pulmonary compliance,
and this preserved compliance allows these
patients to maintain acceptable minute volumes,
which are sufficient to keep blood oxygenation
levels adequate without triggering the stimulus for dyspnea or respiratory distress.8
The main pathophysiologic changes involved
in L-type COVID-19 phenotype is the disproportionate endothelial damage which results in
disrupted vasoregulation, Vࡆ /Qࡆ mismatching,
and accelerated thrombogenesis.7 This derangement is driven by a failure in the normal hypoxic
pulmonary vasoconstriction (ie, the compensatory vasoconstriction of small pulmonary
arteries in response to alveolar hypoxia to
redirect blood flow to areas of the lungs with
better ventilation and oxygenation). The admixing of deoxygenated blood (shunting) leads to
the development of hypoxemia in the absence
of accompanying symptoms, and this derangement drives the initial hypoxemia in COVID19 pneumonitis, well before the exudative and
alveolar inflammatory processes develop.
Some patients may deteriorate as the inflammation worsens and progresses into interstitial
edema and exudation, transitioning into the

second phenotype, the type H COVID-19. Type
H is characterized by high elastance, high right
to left shunt, increased lung weight, and high
lung recruitability.7 H-type COVID-19 resembles a typical, severe ARDS-like picture of
hypoxemia, bilateral infiltrates, and increased
lung weight: patients may feel severe shortness
of breath and hypoxemic respiratory failure
may develop as the lungs fill with fluids and
become increasingly consolidated. By the time
the sensation of dyspnea is felt, the pulmonary
damage is usually already profound. The airway edema and inflammation lead to significant reduction and shrinking of the recruitable
alveolar spaces (ie, “baby lung”), which, over
time, can lead to the development of right
ventricular afterload.8
Hypocapnia and Right to Left
Intrapulmonary Shunting Due to an
Acute Vascular Distress Syndrome

Endothelial injury and the resulting endotheliitis increasingly have been recognized as
common pathologic features of COVID-19
infection and are a result of SARS-CoV-2’s
infection of endothelial cells, where it displays
a particular tropism.36 Angiotensin-converting
enzyme-2 (ACE-2) receptors are abundant in
the blood vessels lining the heart, lungs, kidneys, and intestines, and they offer a rich
source of attachment site for SARS-CoV-2
binding and infection. Histopathologic studies have shown that SARS-CoV-2 can invade
endothelial cells and can cause microvascular
lymphocytic endotheliitis, leading to accelerated
147
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Development of an acute
vascular distress syndrome

Downregulation of CNS
responses to hypoxia
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Angiotensin-Converting
Enzyme-2 Receptor Invasion and
Downregulation of Interoception

The functional integrity of the afferent
pathways, higher processing structures, and
efferent pathways is essential for keeping the
body aware of the changes present in the
internal and external environment and to
148

respond appropriately to these changes. These
homeostatic functions and processes, called
the interoceptive system, are responsible for
sensing and conveying minute changes or
shifts in the internal environment, relaying
these impulses to the projections and nerve
tracts in the spinal cord and the brain, and
processing them to elicit a physiologic or
compensatory response.43 Any disruption in
the structure or functioning of this system
can lead to an altered awareness, integration, or response, which can severely affect
normal physiology and homeostasis.
One of the ways by which COVID-19 alters
the interoceptive responses is by disrupting the
structure and function of body sensors, the most
explored of which is the way SARS-CoV-2
affects the carotid bodies. The cells in the carotid
body contain the primary chemoreceptors
responsible for sensing hypoxemia (ie, low
partial pressures of oxygen in arterial blood),
and the resulting reflex involves activation of
the cardiorespiratory centers, which triggers
hyperventilation and sympathetic activation
(hypoxic ventilatory response).44 In COVID19, it was proposed that the signal of arterial
hypoxia, which reflects the physiologic stimulus of the need to breathe, is absent or at
least impaired, particularly in patients with
severe disease.45
Angiotensin-converting enzyme-2, the SARSCoV-2 receptor, is highly enriched in the glomus cells of the carotid body, the primary cells
involved in oxygen sensing and responsible
for releasing a variety of neurotransmitters
that trigger excitatory postsynaptic potentials to the respiratory center in response to
hypoxia. Accumulated evidence has shown
that the carotid body, with its surface enriched
with ACE-2, may be a potential target for
SARS-CoV-2 infection.43 Histopathological
autopsy specimens of patients with severe
COVID-19 pneumonitis have demonstrated
that SARS-CoV-2 can invade the carotid
body and cause substantial functional and
microvascular changes.46 It is proposed that
SARS-CoV-2 infection of the glomus cells can
alter the normal chemosensitivity of the carotid
body and disrupts its ability to detect the
changes in oxygen levels, leading to a blunting of hypoxic response and a lack of sensorial awareness to hypoxemia.47 SARS-CoV-2
infection impairs the hypoxic response through
various mechanisms, including induction of
biochemical changes in the mitochondrial oxygen

Downloaded from http://aacnjournals.org/aacnacconline/article-pdf/33/2/143/142757/143.pdf by guest on 19 August 2022

apoptosis, pyroptosis, and cytopathy.37 More
importantly, it has been demonstrated that
COVID-19 can induce intussusceptive and
sprouting angiogenesis in pulmonary vessels
as a response to tissue hypoxia, inflammation,
and thrombosis.38 Consistent with other studies, SARS-CoV-2 viral invasion in the endothelium and the accompanying apoptosis
lead to disruption in the endothelial barrier,
increased recruitment and infiltration of
immune cells, accelerated widespread endothelial inflammation, and enhanced thrombogenesis and coagulation.37-39
Early pneumonia in patients with COVID19 is characterized by an acute vascular
distress syndrome, wherein hypoxemia
occurs despite a preserved ventilation and
an increased pulmonary vascular flow (ie,
low Vࡆ /Qࡆ ratio).40 This impairment in gas
exchange occurs as a result of the development of a significant amount of microthrombi
in the pulmonary vasculature, severely altering gas exchange at the pulmonary capillary level.41 In addition to causing the blunting
of the hypoxic pulmonary vasoconstriction
response, a pure intrapulmonary right to
left shunting develops, and this leads to a
mild hypoxemia. 7 At this early stage of
hypoxemia, patients initially compensate by
increasing minute ventilation, as manifested
by tachypnea and a slight respiratory alkalosis. As the tachypnea and hyperventilation
worsens, patients develop marked hypocapnia, which then leads to the blunting, loss,
and inhibition of the ventilatory trigger to
breathe. With this marked depression of
the ventilator stimuli, dyspnea may not be
felt and may be completely absent (because
the carbon dioxide remains normal or low)
despite the development of worsening
hypoxemia.42 The worsening of hypoxemia
in the presence of normal or even low carbon dioxide levels triggers silent hypoxia
up until the point of decompensation where
signs of lung injury and end-organ damage
become apparent.
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SARS-CoV-2 Downregulation of
Transcription Factors Involved in
Hypoxic Responses

Apart from the role that HIF plays in the
regulatory responses of cells to low-oxygen
conditions, our understanding has increased of
the role HIF plays in the activation of immune
response in humans and, in particular, to some
infectious and inflammatory diseases.51 Under
normoxic conditions, HIF-1_ is rapidly targeted
for polyubiquitination and undergoes rapid
proteosomal degradation.52 In hypoxic situations, HIF is rapidly expressed, which leads
to the transcription of genes that encode for
proteins crucial for increasing oxygen delivery

to cells, including those that are needed for
cell survival in ischemic conditions.
HIF-1_ expression is modulated in viral
infections in a context-specific and speciesspecific manner, and upregulation of HIF-1_
activity favors the pathogen’s survival rather
than the host’s.51 Several studies have demonstrated that hypoxic signaling regulates the
ability of viral cells to replicate and infect host
cells.52,53 Hypoxia is a common pathophysiologic feature of SARS-CoV-2 infection, and
reports have shown that HIF-1_ signaling in
SARS-CoV-2–infected cells inhibits ACE2
expression and suppresses the activity of all
enzymes controlling the entry of SARS-CoV-2
into the cells, namely ACE, ACE2, transmembrane protease serine 2, and ADAM17.53 Furthermore, HIF-1_ also upregulates the ACE
promoter directly and downregulates ACE-2
receptor expression, which limits the availability of receptors present for SARS-CoV attachment and binding.54 Together, these findings
suggests that HIF-1_ signaling can be host
protective by decreasing the invasiveness of
SARS-CoV-2 infection and reducing the risk
of tissue and organ damage due to COVID19 infection.
How HIF-1_ activation can lead to the
development of silent hypoxia remains uninvestigated. The HIF-1 signaling pathway is
involved in multiple areas of immune function,
including differentiation of T cells, activation
of monocytes and macrophages in response
to inflammation, enhancement of phagocytic
activity and intracellular killing of macrophages in response to bacterial infection, and
modulation of cytokine activity and proinflammatory responses to viral infections.55
HIF-1_ expression in COVID-19 can lead
to the activation of cytokine storm, mediated
by the recruitment of immune cells into the
alveolar type II cells, production and release
of proinflammatory mediators, increased
vascular leakage and damage, and destruction of the alveolar-endothelial barrier.10
HIF-1_ has also been postulated to induce
and elicit complement activation, which
drives the respiratory failure, intra-alveolar
endothelial damage, microvascular thrombosis, and pneumonia in COVID-19 infection.56
Together, these pathophysiologic changes
can elicit an ARDS response characterized
by acute lung injury, vascular dysfunction,
and massive thrombosis, which drive hypoxemia in COVID-19.
149
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sensing mechanism, initiation of inflammation
and glomus cell death, and downregulation of
the chemoreceptors.48
SARS-CoV-2 invasion of the cells and tissues in the central nervous system has also been
proposed to contribute to the respiratory failure associated with COVID-19. SARS-CoV-2
can infect the neurons of the central nervous
system via different mechanisms, including
direct infection of the vascular endothelium,
retrograde invasion from the olfactory bulb
cells through the neuroepithelium, or infection of leukocytes and crossing of the bloodbrain barrier via diapedesis.49 Autopsy samples
of patients who had COVID-19 have shown
that SARS-CoV-2 can induce direct neuronal
damage to the cells of the cerebral cortex, hippocampus, and cerebellar Purkinje cell layer
(ie, the corticolimbic network), inducing subsequent cellular injury and leptomeningeal
inflammation.2 The neuroinvasiveness potential of SARS-CoV-2 has been implicated as a
cause of respiratory failure in some patients,
because SARS-CoV-2 has been reported to
spread from the chemoreceptors involved in
ventilation and invade the medullary cardiorespiratory center via the synapse-connected
route.50 Similarly, the cytokine storm elicited
by COVID-19 infection has been reported to
result in neuroinflammation and brain tissue
injury, which can affect the neural structures
involved in voluntary breathing and perception of breathlessness.2 The resulting derangement in the balance of neurotransmitters and
neuropeptides brought about by hypoxia,
inflammation, and cell death has also been
proposed to play a pivotal role in the perceptual effects of dyspnea and the subsequent
development of respiratory failure.

SILE NT H YP OX IA IN COVID - 19

C A JA N D I N G

Monitoring

Monitoring oxygen saturation levels in primary care and home settings is a way to detect
hypoxemia in patients with chronic lung disease, asthma, and pneumonia, to good effect.58
Presently, home monitoring of oxygen saturation levels using portable pulse oximetry (Spo2)
has been used as part of a package of care for
the early detection of hypoxemia in individuals who have a higher risk of mortality and
morbidity with COVID-19.59 Pulse oximetry
is used to determine the percentage of oxygen
bound to hemoglobin in the blood; the device
does this by measuring the difference in the
quantity of light transmitted back into the photodetector from oxygenated and deoxygenated
hemoglobin. Although the true difference
between recorded Spo2 and Pao2 may be discordant and less accurate at low saturations,
and Spo2 readings may have poorer reliability
in critically ill patients, early detection of desaturation can be helpful in facilitating prompt
and timely emergency department admissions
before hypoxemia becomes profound and lifethreatening.59 For instance, health organizations
such as the National Health Service England
have advocated the use of remote monitoring
of Spo2 readings in the community setting as a
means to detect early desaturation among a specific subset of patients who are at highest risk
for deterioration.57 These include the elderly and
people with diabetes, who may have profoundly
impaired and blunted ventilatory responses to
hypoxia—the patient groups who are most
likely to suffer from silent hypoxemia.41
150

Correction of Hypoxemia

Correction of hypoxemia in COVID-19
with supplemental oxygen is also a matter of
ongoing investigation.60 The aim of oxygen
supplementation in COVID-19 is to correct
hypoxemia and prevent tissue hypoxia, thereby
avoiding end-organ hypoxic damage to vital
organs. Current guidelines from the US
National Institutes of Health suggest that a
saturation target of 92% to 96% appears
safe and is associated with fewer complications, based on studies in critically ill patients
without COVID-19.61 Furthermore, the recent
Surviving Sepsis guidelines recommend commencing oxygen supplementation for Spo2
levels less than 90%, with an aim of achieving modest Spo2 levels between 92% and
96%.62 Saturation targets should be individualized for patients. Some patients with underlying lung disease, such as chronic obstructive
pulmonary disease or interstitial lung disease,
may require lower target saturations, because
a higher level may be unsafe or dangerous.
Hyperoxygenation should be avoided because
it is associated with adverse complications
such as pulmonary, ocular, and central nervous system toxicities, and, in the light of the
pandemic situation, is wasteful, costly, and
not resource effective. Among patients with
acute hypoxemic respiratory failure in the
intensive care unit, aiming for a lower oxygenation target (ie, 60 mm Hg [8.0 kPa]) did
not result in an increase in adverse events
and mortality rate compared with higher
oxygenation targets, suggesting that modest
oxygenation targets should be considered in
high-risk critically ill patients.63 The use of
high-flow oxygen therapy or noninvasive ventilation strategies such as continuous positive
airway pressure masks can be considered for
patients with worsening hypoxemia, signs of
tissue hypoxia, and respiratory muscle fatigue;
and invasive tracheal intubation can be instituted for patients with severe COVID-19
pneumonitis, acute hypoxic respiratory failure,
refractory hypoxemia, and ARDS.
Improving oxygen delivery in COVID-19
should address the underlying pathology
behind the hypoxia and hypoxemia. Because
thrombotic derangement may be common in
COVID-19 infections and can be associated
with poor perfusion, particularly to pulmonary capillaries where gas exchange occurs,
strategies to improve flow and perfusion
should be considered in clinical situations
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Nursing Management
and Clinical Implications
An understanding of the mechanisms involved
in the development of silent hypoxia in COVID19 is essential in the identification of strategies
that can be used to prevent complications
associated with hypoxemia. More recently,
reports have shown that early implementation of interventions with the potential to
identify patients exhibiting subtle signs of
hypoxia were often missed.57 It has been highlighted that strategies aimed at early detection
of silent hypoxia can be lifesaving and may
improve outcomes in patients with COVID19.58-59 Finally, measures aimed at optimizing
oxygen delivery have the potential to correct
hypoxemia associated with COVID-19 and
can be easily implemented in both acute and
emergency settings.
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COVID-19 pneumonitis. Therefore, prone
positioning is advocated, given its acceptable
safety profile and clinically tangible benefits.67
Other Interventions

The clinical management of dyspnea in
COVID-19 should consider the psychological
and emotional factors associated with the
sensation of breathlessness. Dyspnea is a very
subjective condition and although objective
manifestations (eg, tachypnea, hyperventilation, use of accessory respiratory muscles,
distention of neck veins, cough, cyanosis,
diaphoresis, tremors, added lung sounds) may
be helpful to assess and quantify the degree
of dyspnea, the patient’s description, discrimination, and language of their own degree of
respiratory distress remain the criterion standard in diagnosing dyspnea.10 Although the
perception and discrimination of dyspnea are
mainly under cortical neural control, the cognitive awareness and the respiratory sensations felt by the individual incorporates an
affective dimension, and the activation of
limbic cortical structures also triggers emotional and attentional responses.68 Both of
these responses can be partially consciously
modulated or controlled.
Nonpharmacologic approaches and interventions that modify the cognitive and affective
experience of dyspnea can be helpful in alleviating the feelings of discomfort and distress
associated with this symptom. Use of various
breathing-control exercises (ie, diaphragmatic
breathing, pursed-lip breathing, biofeedback,
and breathing retraining) can improve breathing dynamics and pattern, increase vital capacity,
and reduce anxiety associated with breathlessness. Use of distractive auditory stimuli (eg,
music), relaxation techniques, acupressure, handheld fans, and chest-wall vibration improve
dyspnea in patients with chronic lung diseases.69
Interventions such as cognitive-behavioral
therapy, dyspnea self-management programs,
and psychotherapy benefit patients experiencing chronic dyspnea and can be tried in some
patients with COVID-19–associated dyspnea,
because breathlessness is a common symptom
in patients with long COVID-19.68,70 A calm,
reassuring, and coaching presence of a health
care provider at the patient’s bedside can be
helpful in alleviating sensations of dyspnea
and the accompanying anxiety, fear, and discomfort that can be associated with this distressing experience.
151
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where hypoxemia is concerning. The mechanisms for vascular involvement is an interplay
of vascular inflammation or endotheliitis,
increased platelet aggregation, and deranged
clotting leading to the formation of microthrombi, which block the vessels at the capillary level or cause local changes in the vessel
microvasculature. These conditions lead to
increased distance and decreased efficiency
of gas exchange in the capillary-endothelial
interface.40 Widespread prophylactic use of
anticoagulants for thromboprophylaxis in
critically ill patients with COVID-19 has
been implemented in clinical practice to prevent complications associated with thromboembolism, which is associated with increased
mortality risk and poor prognosis, but authors
of a recent Cochrane Review reported finding nonsuperiority to standard care.64 Several
studies are underway, and the effects of anticoagulant use on added respiratory support
or occurrence of pulmonary embolisms are
being investigated. Inhaled pulmonary vasodilators can be used as a rescue therapy for
patients receiving mechanical ventilatory support who have severe hypoxemia refractory
to other conventional therapies, but these
medications should not be used long term,
because of the harms associated with their
use and a lack of mortality benefit.62
Patient positioning and postural changes
have significant physiological effects on ventilatory function, respiratory mechanics, breathing effort, and gas exchange, which can have
a protective effect against hypoxemia. Assuming an upright, sitting position (ie, with the
thorax angled > 30°-45° from the horizontal
plane) is associated with improved endexpiratory lung volumes, reduced airway
resistance, improved lung compliance, decreased
work of breathing, and better oxygenation.65
Prone positioning improves oxygenation by
reducing the dorsal-ventral transpulmonary
pressure difference, making ventilation more
homogeneous; reducing lung compression by
the heart and the diaphragm, thereby decreasing the compression of posterior-caudal lung
parenchyma; and improving the Vࡆ /Qࡆ matching as blood flow is redistributed toward the
ventral lung and making the Vࡆ /Qࡆ ratio more
closely locally matched.66 Prone positioning in
awake patients with COVID-19–associated
ARDS has been shown in observational and
case studies to improve oxygenation and slow
respiratory deterioration in early phases of
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