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Coronavirus disease 2019 (COVID-19) may rapidly worsen respiratory failure, thereby leading to death. COVID-
19-induced respiratory failure exhibits some atypical characteristics, silent hypoxemia, and high lung compliance.
Some histopathological changes associated with COVID-19-induced respiratory failure differ from those of classic
acute respiratory distress syndrome (ARDS). However, compared with classical ARDS, COVID-19-induced respi-
ratory failure has a similar timing of onset, clinical syndromes, radiological profile, and mortality rate in the
intensive care unit (ICU). Respiratory failure induced by COVID-19 is a type of ARDS and is currently underdiag-

nosed. This condition stretches the definition of classic ARDS; therefore, an updated definition is warranted.

Introduction

Up to June 2020, the coronavirus disease 2019 (COVID-19)
pandemic had caused >1 million deaths worldwide.!"-*) COVID-
19 may rapidly worsen respiratory failure, thereby leading to
death.®! COVID-19-induced respiratory failure exhibits some
atypical characteristics: (1) some patients with COVID-19 have
relatively normal lung compliance; and (2) pulmonary thrombo-
sis and local vasodilation are common in COVID-19. Therefore,
some experts think that COVID-19-induced respiratory failure
is not an acute respiratory distress syndrome (ARDS). However,
compared with classical ARDS, COVID-19-induced respiratory
failure has a similar timing of onset, clinical syndromes, radio-
logical profile, histological changes, and mortality in the inten-
sive care unit (ICU). Respiratory failure induced by COVID-19 is
a type of ARDS and is currently underdiagnosed. This condition
stretches the definition of classic ARDS; therefore, an updated
definition is warranted.

Timing of Onset
According to the Berlin definition, the timing of onset is de-

fined as the appearance of an established clinical insult or new
or worsening respiratory symptoms within 1 week.[ This def-

inition refers to normal causes of ARDS, which can be easily
recognized. However, the timing of onset of COVID-19-induced
respiratory failure cannot be easily recognized because the time
of infection and latent period are unclear. The time course for
the occurrence of symptoms in ARDS is used to evaluate the
timing of onset in COVID-19. Recent studies in Wuhan, China,
showed that the time course for the occurrence of symptoms in
ARDS for COVID-19 was 12 days (interquartile range [IQR]: 8-
15 days); however, the syndrome was underdiagnosed during
the early days of the pandemic.® In the USA, the median time
from symptom onset to need for invasive mechanical ventila-
tion (IMV) was 8 days (IQR: 6-10 days), and the median time to
IMV after admission was 1 day (IQR: 0-3 days).[! In Italy, the
median time from symptom onset to need for IMV was 8 days
(IQR: 6-10 days).!”! Although IMV cannot fully represent the
occurrence of ARDS, the timing of onset of COVID-19-induced
ARDS appears to be similar to that of classic ARDS.

Atypical Respiratory Distress
Patients with severe COVID-19 have hypoxemia and/or hy-

percapnia. However, unlike in classic ARDS, some COVID-19
patients with hypoxemia do not have respiratory distress.
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At the onset, the clinical symptoms of COVID-19 are fever,
dry cough, and dyspnea.[®°! Nevertheless, the specific phe-
nomenon of “silent hypoxia” or “silent hypoxemia” has also
been observed in patients with COVID-19.[1-12] At the initial
stage of the COVID-19 outbreak, Dr Haibo Qiu noticed that
some patients tolerated the extremely low levels of blood oxygen
content well (e.g., saturation of oxygen: 70-80%; partial pres-
sure of oxygen: 30-40 mmHg). However, the patient’s condition
markedly deteriorates following mild-to-moderate physical ac-
tivities, such as getting out the bed, excessive coughing, strain-
ing during urination or defecation, etc.!'>! The mechanisms in-
volved in this process may be associated with focal lung injury
and high respiratory compliance. ¥

Not All Have Low Respiratory Compliance

Based on the mechanisms of impaired blood-gas exchange,
the clinical phenotypes can be divided into Type L and Type
H. Type L is characterized by low elastance, low ventilation-
to-perfusion ratio, low lung weight, and low lung recruitabil-
ity. Type H is characterized by high elastance, high right-to-left
shunt, high lung weight, and high lung recruitability.*?!

Type L is a pseudo-normality of lung mechanics; neverthe-
less, it is associated with severe damage to the lungs. COVID-19
patients with Type L or Type H have hypoxemia. However, Type
L is characterized by preserved lung aeration and high lung
compliance. In addition, the transpulmonary pressures with
mechanical ventilation remain below the thresholds commonly
referred to as harmful.l'>!¢! Gattinoni et al.l'”! found that in
12 patients with COVID-19, a respiratory system compliance of
52.1 + 15.4 mL/cm H,O was associated with a shunt fraction of
0.51 + 0.10. Similar changes in pathophysiology were observed
in the study conducted by Mauri et al.['®! In 25 patients with
COVID-19, the dead space ranged 6-41% and the shunt fraction
was 5-37%. In a multicenter study, patients with COVID-19
had high respiratory system compliance vs. those with classic
ARDS; however, the lung weight in patients with COVID-19
was similar to that measured in patients with classic ARDS.!*
Such a wide discrepancy is not commonly observed among
most forms of ARDS.

Based on the observation of unmatched hypoxemia and hy-
percapnia,'>1°! researchers have hypothesized the involvement
of several mechanisms. First, COVID-19-induced lung injury is
characterized by lung inhomogeneity, alveolar collapse in in-
jured lung tissues, alveolar hyperinflation, and vessel diastole
abnormality in normal lung tissues. These effects lead to ventila-
tion/perfusion mismatch and an increase in dead space. Second,
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
induces abnormal vasodilatation of the injured pulmonary tis-
sues, which increases the local shunt and leads to hypoxemia.
Third, combined with the remarkably high incidence of throm-
botic complications, recent reports of increased respiratory dead
space suggest the occurrence of lung-vascular thrombosis due to
thrombotic microangiopathy or pulmonary embolism was <40%
of hospitalized patients with COVID-19.12°-22] We strongly sus-
pect that these mechanisms are the main culprit for impaired
blood-gas exchange in COVID-19.

Silent hypoxemia and Type L are specific clinical features of
COVID-19. However, the symptoms may be the early manifesta-
tion of ARDS; for classic ARDS, the symptoms may be ignored.
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Histopathological Changes

Histopathological changes in COVID-19 are similar to those
noted in classic ARDS. It was retrospectively found that two pa-
tients with early-phase COVID-19 pneumonia who underwent
lung lobectomy for adenocarcinoma had COVID-19 at the time
of the operation. Pathologic examinations revealed that the
lungs exhibited edema, proteinaceous exudate, focal reactive
hyperplasia of pneumocytes with patchy inflammatory cell in-
filtration, and multinucleated giant cells.!”*! In a case series, the
major pulmonary finding was diffuse alveolar damage in the
acute or organizing phases, which was evidenced by the pres-
ence of intra-alveolar fibrin, hyaline membranes, or loosely or-
ganizing connective tissue in the alveolar septal walls. Most pa-
tients showed variable degrees of chronic interstitial inflamma-
tion, with some having more prominent perivascular lympho-
cytic and neutrophilic inflammation. >4

Coagulopathy is an important complication of COVID-19
infection.?#?>! Microthrombi have been found in the lungs,
trachea, and kidneys of some patients. Focal pulmonary mi-
crothrombi increase the dead space and shunt, which lead
to hypoxemia and hypercapnia, as well as and worsening of
patients’ condition. Moreover, in SARS-CoV-2 induced coagu-
lopathy, microthrombi are also linked to hemoconcentration
caused by fever, less food intake, and loss of digestive tract,
etc. Except for coagulation abnormalities, the histopathological
changes caused by COVID-19 are similar to those of classic
ARDS; hence, the coagulation abnormalities should attract the
attention of clinicians.

Mortality

In the early phase of the COVID-19 pandemic, due to the
lack of medical supplies, the mortality rate in Wuhan was
43%,58] the ICU mortality rate among patients in Metropoli-
tan Detroit (MI, USA) was 40.4%,! and the all-cause hospital
mortality rate in a University tertiary care hospital in north-
ern Italy was 43.6%."! In the USA, the in-hospital mortal-
ity rate was highest in the early phase and decreased (from
18.5% to 10.8%) as healthcare staff gained experience in treat-
ing patients with COVID-19.1?°! The mortality rate in COVID-
19-induced ARDS is similar to that recorded in classic severe
ARDS.[>27]

COVID-19-induced ARDS causes some changes which dif-
fer from those associated with classic ARDS. Thus, some ex-
perts suggested that COVID-19-induced respiratory failure is not
ARDS.8! For the new infectious disease of COVID-19, we have
witnessed the entire clinical course of patients with COVID-
19 from viral infection to onset and aggravation. However, in
most cases, we cannot observe the entire course of classic ARDS.
Therefore, although the very early phase of COVID-19 exhibits
special clinical features, the timing of onset, radiological pro-
file, histopathological changes, and mortality rate are similar to
those of classic ARDS.

Based on this evidence, COVID-19 expands the clinical man-
ifestations, pathophysiology, and histopathological changes
linked to ARDS. Hence, it is time to update the definition of
ARDS.
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