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Thenovel pandemic, coronavirus disease 2019 (COVID-19), isapublic health exigency of global concern with expanding
cases worldwide. Severe acute respiratory syndrome-corona virus-2 is the virus that accounts for COVID-19. The disease
manifestswithawidearray of symptomsranging frommildupperrespiratory tractinfectiontosevere pneumoniaand death.

The Happy hypoxemia, synonymously Silent hypoxemia, is described as a clinical entity in individuals with COVID-19,
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generally expressed as objective hypoxemia lacking respiratory distress symptoms. The condition is characterized
by a drop in oxygen saturation and varying arterial blood gas. Intrapulmonary shunting, intravascular microthrombi,
loss of lung perfusion control, and impaired diffusion capacity contributes to hypoxemic etiology in COVID-19. The
ventilation-perfusion mismatch, covering from shunts to alveolar dead space ventilation, is the principal distinctive
feature, suggesting numerous medical goals.

INTRODUCTION

The coronavirus disease 2019 (COVID-19) is a deadly
infectious pandemic in late 2019 that intimidates human health and
public safety. The coronaviruses are enfolded positive-sense RNA
viruses with spike-like projections on their surface resembling a
crown under the microscope. The virus is transmitted through large
droplets produced during coughing and sneezing by the COVID-19
infected patients (Singhal, 2020). The clinical manifestations of
COVID-19 range from symptomless state to acute respiratory
distress syndrome (ARDS) and multiple organ dysfunction
syndrome. The typical clinical manifestations cover headache,
fever (not seen in all), cough, drowsiness, pharyngitis, myodynia,
conjunctivitis, and dyspnea (Wang et al, 2020). One critical
feature of COVID-19 that perplexes the clinician in coping with
pneumonia is that some patients present with exceedingly low blood
oxygenation but with no breathing difficulty. This occurrence has
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given rise to the term “Happy hypoxemia” (Velou and Ahila, 2020).
Various reports disclosed that the occurrence of happy hypoxemia
in coronavirus infected patients ranges from 20% to 40% (Rahman
et al., 2021). A retrospective study conducted in France revealed
that asymptomatic hypoxemia was associated with a very poor
clinical outcome (33.3% were shifted to intensive care unit (ICU)
and 25.9% died) in COVID-19 patients (Brouqui ef al., 2021).

Dyspnea as a Sensation

Dyspnea is the medical term for shortness of breath,
expressed as “air hunger,” prominent from tachypnea or hyperpnea.
The mechanoreceptor present in the airway tract and chest wall
contributes to dyspnea. The activation of vagal irritant receptors
appears to strengthen dyspnea. The donation of metabolic rate
in regulating the sense of shortness of breath in severe subjects
continues to be unclear. The central and peripheral chemoreceptors
are top-known contributing factors of the respiratory drive.
Variations in the partial pressure of carbon dioxide happens to be
the principal constituent, inducing shifts in pH at the degree of
both the central and peripheral chemoreceptor (Vaporidi et al.,
2020). Hypoxemia exhibits a restrained part in the sensation of
panting accomplished by cardiopulmonary diseased patients on
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the opposite of hypercapnia that generates per se shortness of
breath. Individuals with dyspnea are not hypoxemic, but those who
have generally experienced a subtle refinement in manifestations
after hypoxemia is managed with supplemental oxygen therapy
(Harikrishnan et al., 2018). Dyspnea often experiences when the
arterial partial pressure of oxygen (PaO,) falls below 40 mmHg.
Hyperventilation gives rise to reduced partial Pressure of carbon
dioxide (PaCO,), causing constriction of arterioles, consequently
reducing cerebral blood flow, and intracranial pressure (ICP).
On the contrary, the increase of PaCO, promotes expanded ICP,
eventually declining the degree of consciousness, impaired brain
stem reflexes, and impaired postural and motor feedback. Proper
awareness concerning the pathophysiological determinants of
hypoxemia may help develop a more concluded understanding of
a corona patient’s therapeutic manifestations as well as treatment
(Richards, 2017).

Happy/Silent Hypoxemia

Happy hypoxemia can be quoted as one of the most
distinctive and interesting features so far observed in any
disease. The patients seem to be normal, but the problem with
this condition is that its oxygen saturation (SpO,) seems very
less when compared to its normal levels (95% or more) (Velou
and Ahila, 2020). When the SpO, falls to 90% or less, as seen in
pneumonia affected patients experience dyspnea, drowsiness, etc.
The reason is that the capacity of the lungs to inflate is affected.
As a result, the proper exchange of gas is not possible. Hence the
carbon dioxide level gets increased (Viswanathan et al., 2018).
In COVID-19, not only the lung is affected but more so the
perfusion. The swelling or inflammation of capillaries results in
clot formation due to which tissues do not get fully oxygenated.
But since lungs dilate and constrict fairly and almost like normal,
no signs and symptoms of hypoxemia are exhibited by the patients
and they don’t seem to be in any kind of distress (Chandra et al.,
2020). The pulse oximetry used to measure SpO, is usually used to
detect hypoxemia (Guo et al., 2017). Happy hypoxemia is not only
present in corona patients but in individuals having atelectasis,
arterio-venous malformations, or right-to-left intracardiac shunt.
In the starting stage of COVID-19, numerous principles come up
with the evolution of arterial hypoxemia, without an accompanying
rise in the work of respiration. Expeditious decadence may
happen. A rigorous recognition of the pathophysiological factors
of hypoxemia may assist in further understanding of a patient’s
symptoms and treatment (Anoop and Verma, 2020).

Difference Between Hypoxemia and Happy Hypoxemia

Hypoxemia is a medical condition that happens due to
a low concentration of oxygen in the blood. The arterial oxygen
level around 75—-100 mmHg is considered normal, and if declined
below 90%, the patient may experience hypoxemia. The difference
between the characteristics of normal hypoxemia and happy
hypoxemia is shown in Table 1 (Haryalchi et al., 2021).

Variations in Oxygen-Hemoglobin Dissociation Curve

Hypoxemia is detected by pulse oximetry. The SpO,
needs to be elucidated with care in severe acute respiratory
syndrome-corona virus-2 (SARS-CoV-2). The oxygen-hemoglobin
dissociation curve with sigmoid shape appears to shift to the

Table 1. Difference between hypoxemia and happy hypoxemia.

Hypoxemia Happy hypoxemia

Pa0, in the blood decreases results
in dyspnea.

Pa0, in the blood decreases, but the
patient appears to be normal without

dyspnea.
Potential causes: Potential causes:
CO, level will be poor CO, level will be normal
Poor oxygenation Poor oxygenation
Status of breathing: poor Status of breathing: normal
Clinical manifestations: Clinical manifestations:

Presence of dyspnea, tachypnea,
and tachycardia

Absence of dyspnea, tachypnea, and
tachycardia

left, as a result of persuaded respiratory alkalosis for the reason
of hypoxemia derived fast and deep breathing (tachypnea-
hyperpnea). Throughout the period of hypocapnia, the harmony
of hemoglobin for oxygen and consequently SpO, arises for a
particular level of PaO,, describing why SpO, is possibly well
conserved in the face of an extremely poor PaO,. In high altitude
hypoxemia, this uncovering is seen, in which hypocarbia shifts
the oxyhemoglobin dissociation curve and enhance blood SpO,.
The alveolar gas equation also foretells that hyperpnea and the
resulting fall in the alveolar PaCO, lead to a rise in the alveolar
Pa0, and eventually result in the rise of SpO, (Tobin et al., 2020).
There is a biological hypothesis describing the leftward shift of the
curve in SARS-CoV-2. Concerning the hypothesis, serum levels
of heme are raising in COVID-19 accompanying deleterious irons
ions, developing an infection, and cell death. This results in the
formation of a huge amount of serum ferritin to attach these free
irons to lessen the destruction of tissue (Dhont ez al., 2020).

ETIOLOGY OF HYPOXEMIA IN COVID-19

Intrapulmonary shunting

A low oxygen concentration in arterial blood present
initially in COVID-19 is firstly due to ventilation-perfusion
mismatch and hence perseverance of pulmonary arterial blood
flow to non-ventilated alveoli, ruminated by a noticeable rise
in P(A-a) O, gradient. The infection results in moderate local
interstitial edema. As a result of increased edema, deprivation of
surfactant, and superimposed pressure, alveolar collapse arises
and a considerable portion of the cardiac output is perfusing non-
aerated pulmonary tissue, leads to (Fig. 1) intrapulmonary shunting
(Gattinoni et al., 2020). The increase in tidal air throughout the
disease results in increasing negative inspiratory intrathoracic
pressure. The increase in pulmonary permeability by cause of
inflammation leads to continuous edema, alveolar flooding, and
patient self-inflicted Iung injury. The increased edema will later
increase the weight of the lung, alveolar collapse, and dependent
atelectasis leading to enhanced shunt fraction and promote a
decrease of oxygenation which may not fully be rectified by
improving fraction of inspired oxygen (Dhont ez al., 2020).

Loss of lung perfusion regulation

During COVID-19 infection the failure of hypoxic
pulmonary vasoconstriction results in the appearance of a
persistent increase in pulmonic blood flow to unaired lung
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Figure 1. Causes of hypoxemia in COVID-19.

alveoli. Vasoplegia also seems related to the loss of lung perfusion
regulation (Fig. 1). Additionally, the imperfect regulation of
the renin-angiotensin system (RAS) donates to the etiology of
COVID-19. Angiotensin-converting enzyme (ACE2) is the cell
receptor of COVID-19 for entering a cell. The enzyme converts
angiotensin 11 to angiotensin 1-7, furthermore responsible for
bradykinin degradation. The decrease in ACE2 results in elevated
Ang 11, activating pulmonary vasoconstriction (Tay et al., 2020).

Intravascular microthrombi

A major hallmark of the pathophysiology of COVID-19
is endothelial injury. The cytopathic virus can damage lung
capillary endothelial cells that indicate ACE2. A variation between
procoagulant and fibrinolytic activity in the existence of acute
inflammation and endothelial damage results in intravascular
microthrombi (Fig. 1). The pro-coagulant activity may be due
to complement system-mediated activation of coagulation or
may happen because of blocking of plasminogen activation
and fibrinolysis. The endothelial deliverance of tissue factor
and triggering of clotting factor V11 and X1 results in diffuse
intravascular coagulation in severe corona patients (Zhang et al.,
2020). A large number of COVID-19 patients exhibit an increased
measure of D-dimer resulting in the formation of blood clots.
The uncontrolled clot formation results in ventilation/perfusion
(V/Q) mismatch (a condition in which one or more part of the
lung receives oxygen without blood flow or blood flow without
oxygen) and damage to pulmonary tissue. Furthermore, clotting
is also regulated by stimulating C-reactive protein and developing
complement stimulation and hepatic fibrinogen production as an
acute phase protein COVID-19 (Tian et al., 2020).

Altered diffusion capacity

There is a direct relationship between altered diffusion
capacity and the severity of the disease. In COVID-19 patients the
pulmonary diffusion capacity may be altered (Fig. 1), however,
pure diffusion problems are occasionally a reason for enhanced

v

Time course

P(A-a) O, (alveolar-arterial oxygen gradient) at rest (Dhont ef al.,
2020). The basement membrane is enfolded with debris, comprised
of Factor la, dead cell, and complement activation product due to
deprivation of alveolar epithelial cells and a pro-coagulant state. The
hyperdynamic pulmonic circulation shall not provide proper time
for RBC to equilibrate their oxygen absorption with incremental
physical activities (exercise) and in the situation of absent hypoxic
constriction of blood vessels in COVID-19. As a result, alteration
occurs in diffusion leading to elevated P(A-a) O, gradient and
exercise prompted arterial hypoxemia (Ziehr ez al., 2020).

Neural Hypothesis of Happy Hypoxemia

The nucleus tractus solitaris (NTS) is the principal
visceral sensory nucleus in the brain. It is situated in the
dorsomedial medulla oblongata. It collects baroreceptors and
chemoreceptors afferents from the glossopharyngeal nerve. It
receives visceral afferents from most of the organs via the vagus
nerve by which it plays a major part in cardiovascular function,
ventilation, gastro intestinal mobility, and immune-modulatory
activities (Omer et al., 2020).

The coronavirus infects respiratory tract (upper and
lower). They get into the body via the nasal or oral cavity. After
reaching the oral cavity and pharynx, the virus may propagate
together with the axons of cranial nerves V, V11, 1X, and X.
These cranial nerves relay the NTS result in inflammation. The
carotid body consists of a chemoreceptor that is initially operated
by a depletion in the arterial PaO,. Low oxygen in the blood
stimulates the carotid body chemoreceptor, and the afferent
signals are transferred at the NTS via the glossopharyngeal nerve.
This results in an increased respiratory rate and vasoconstriction.
In COVID-19 arbitrated infection of NTS, the afferent hypoxia
stimuli from carotid bodies may not be successfully relayed at
the NTS, followed by an inappropriate efferent lung response.
This is likely considered as the rationale for normal breathing in
the presence of severe hypoxemia during COVID-19 (Gregory-
Cutsforth and Benarroch, 2017).
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Happy Hypoxemia to ARDS

The most distinctive and demanding symptoms of
COVID-19 are connected to ARDS. An approximate of 46%—65%
of patients in ICU worsen in a short period and died because
of respiratory failure. Reduced perception of dyspnea slows
down patients from looking for medical care finally results in
death. Medical groups must recognize the happy hypoxemia in
COVID-19, which helps the doctors to provide proper treatments
thereby reduce the risk of complications and death (Anoop and
Verma, 2020).

Management Strategies

The major therapeutic strategies include giving antiviral
agents, management of V/Q mismatch, and cytokine storm
reduction. Considering the circulation of blood through tissues,
circumventing clump of fibrin, platelets, and red blood cells, and
continuing deposition of fibrinoid material is one of the corrective
policies (Tarry and Powell, 2017). The COVID-19 patients
with D-dimer level high on admittance are beneficial for taking
thromboprophylaxis. Currently, it is safe to use vascular activators
for managing ARDS in COVID-19. Many trials are verifying
the use of anti-inflammatory agents to prevent macro-and
microthrombi. Euler-Liljestrand mechanism can be considered
to enhance the matching of regional perfusion and airing in the
alveolus (Slessarev ef al., 2020). The RAS modulation may have
an effective part in reinstating pulmonary perfusion management
and nowadays many studies are in progress. In the case of
ventilation, supplemental oxygen is the primary factor in providing
oxygen. Many studies stated that awake proning position enhances
oxygenation in corona disease (Leeladharan ez al., 2018).

At this time, the underlying pathology the separation
of happy hypoxemia and subtle dyspnea in COVID-19 remains
unknown. In our experience, people with severe glossopharyngeal
or vagus nerves lesions because of cranial nerve injury following
neck cancer or associated neuropathies have this disassociation,
though these observations are missing in the autopsy records
unexpectedly and now appearing in COVID-19 cases. In the one
hand, neurological manifestations such as headache, anosmia,
impaired mental state, delirium, and epilepsy are normal in extreme
COVID-19 cases; and cerebral spinal fluid with SARS-COV-2
and is believed to reach the brain via synapse-associated routes
(Archer et al., 2020). Harm to afferent hypoxemia-sensing neurons
in COVID-19 patients could be caused by an acute cytokine rush
or through the action of SARS-COV2 on mitochondria or neuronal
fibers directly (Wei-jie et al, 2020). On the other hand, results
from the magnetic resonance imaging tests and brain pathology
records of mortal COVID-19 cases, are inconclusive and may not
have a pathological correlation to verify the absence of dyspnea
(Robinson and Gebhart, 2008). The most frequent brain pathology
results in fatal COVID-19 cases shows evident areas of ischemic
and hemorrhagic strokes with only minimum inflammation (Burki
and Lee, 2010). The neurological symptoms of other coronaviruses
are less studied, although myopathy and neuropathy have been
identified much in both SARS-CoV and other coronavirus strains
(Coolen et al., 2020). The fact that interests me the most with
COVID-19 is that this stage is the patient does not perceive and the
brain does not reveal in terms of pathology.

Furthermore, of the pathology underlying, diminished
experience of dyspnea is a condition due to the exchange of blood
and gas. It can conceal the seriousness of a patient’s medical
condition, effectively delaying patients’ access to urgent medical
treatment. Patients admitted with COVID-19 will die suddenly
after taking voluntary “cut-off” from oxygen regurgitation.
“Happy hypoxemia” after recognizing as a feature of COVID-19
pneumonia has resulted in improved patient care, with doctors
depending on other disease signs including tachycardia, fever, or
serum inflammatory acute reactants to direct treatment or discharge.
Continued studies into how the novel coronavirus affects peripheral
sensors and neuronal circuits could lead to a better understanding of
the virus’s mechanisms (Chaturbhuj ez al., 2021).

CONCLUSION

This global pandemic is changing the way we used
to live. The physicians should not only believe in the patients
behaving normally but proper evaluation of the number of breaths
taken per minute by the patients, an indication of hyperpnea,
SPO,, and intrusive measurement of decreased level of oxygen
and carbon dioxide in the blood at proper intervals are required.
Pulse oximetry needs to be elucidated by care, due to the left-sided
shifting of the oxygen-hemoglobin dissociation curve. The happy
hypoxemia is caused by intrapulmonary shunting, loss of lung
perfusion regulation, intravascular microthrombi formation and
altered diffusion capacity. As in the initials days of this condition,
the respiratory system does not sense any disturbance in breathing.
Later, quick respiratory decompensation happens, and tachypnea
and hyperpnea experience. In the current COVID-19 situation the
true outcomes of happy hypoxemia endured controversy, resulting
in indistinct recommendations on how to handle such cases.
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