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Since the outbreak of the coronavirus disease 2019
(COVID-19) pandemic, more than 153 million cases have
been confirmed, and more than 3.20 million individuals
have died worldwide. The strategies of widespread test-
ing, strict social distancing and isolation, information
technology-based tracing, and widespread face mask
use rapidly controlled the COVID-19 outbreak in China.
Rapid responses and such strategies led to effective con-
trol in 1-2 months for several later localized outbreaks.
On April 29th, there were only 324 confirmed cases in
China; most of the cases were imported. Numerous les-
sons and experiences from this pandemic could impact
and change critical care delivery in the future.

Critical care resource reorganization

During the first wave of the pandemic in Wuhan, a signif-
icant shortage of critical care resources led to an extreme
crisis in fighting the pandemic. Approximately 3—4 thou-
sand new cases were confirmed daily, among which 19%
were severe and required intensive care [1]. However,
there was a large gap between critical care delivery and
demand. We only had 3.6 intensive care unit (ICU) beds
per 100,000 capita compared with 34.7 in the US and 29.2
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in Germany, which made it difficult to meet the needs of
a large number of critically ill patients during the pan-
demic [2]. The lack of professional critical care staff was
another important shortage during the COVID-19 pan-
demic. We rapidly repurposed more than 9000 ward
beds in 10 hospitals (including two urgent established
hospitals) to critical care beds for critically ill patients
in Wuhan. More than 42,000 medical staff, including
19,000 (44.6%) critical care physicians and nurses, were
recruited to Wuhan. The national critical care expert
team went to Wuhan to guide medical management and
infection control. These experiences were used to control
later outbreaks in other cities.

To prepare for a future disaster similar to the COVID-
19 pandemic, the critical care system has been rebuilt
and strengthened in China. Candidate hospitals were
designed and rebuilt locally using special funds from the
government. In each designated hospital, ICU beds rep-
resent 15-20% of total hospital beds or at least 200 ICU
beds. Each designated hospital also includes hundreds of
beds that are suitable for both “low demand” and “high
demand’, which means that these beds can be used as
wards and can be converted into ICU beds when needed.
In addition, sufficient equipment (e.g., monitors, venti-
lators, continuous renal replacement therapy machines,
extracorporeal membrane oxygenation and personal pro-
tective equipment) should be reserved in each designed
hospital.

More importantly, increasing the number of well-
trained and certified ICU doctors and nurses is
crucial in China due to the considerable shortage. In des-
ignated critical care hospitals in Wuhan, the mortality for
mechanically ventilated patients was 97% [3]. Although
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critical care medicine was recognized by the government
as a primary specialty in China in 2008, no residency and
fellowship training program for critical care medicine
was available. A consensus on critical care training was
generated in 2016, and a fellowship training program
for critical care medicine was established and started in
2019. In April 2020, a residency training program was
established for critical care medicine.

Judicious use of antivirus and antibiotics

Similar to other viral infections, COVID-19 is also a self-
limited disease, and most patients are able to recover.
Due to the rapidly growing number and to the high pro-
portion of severe cases, the compassionate use of antivi-
rals and antibiotics was very common during the early
period of the pandemic. In our previous study, a majority
of severe patients received combined antiviral treatment,
such as arbidol, alpha interferon, hydroxychloroquine
and lopinavir-ritonavir. Almost every patient received
antibiotic treatment recommended by the first version
of the surviving sepsis campaign (SSC) guidelines [4].
According to the results of clinical trials, the manage-
ment of COVID-19 became much simpler in several late
outbreaks in China (Fig. la). For example, no patient
received combination therapy with antiviral agents, and
only approximately 4% of all patients and 30% of critically
ill patients received antibiotics in Xinjiang and Heilongji-
ang provinces.

Clinical management

There is no evidence for clinical application for such a
new disease. Although the characteristics and mortal-
ity of COVID-19-induced acute respiratory distress
syndrome (ARDS) are similar to those of typical ARDS
[5], we also need to consider the physiopathology of the
patients based on the guidelines due to the considerable
heterogeneity of patients with ARDS. The treatment also
needs to follow the principle of “one size does not fit all”
and is based on the individual condition.

First, many patients have “silent hypoxemia” [6], which
is difficult to recognize early and leads to delayed man-
agement of respiratory failure. Tobin M]J et al. explained
the mechanism of silent hypoxemia in patients with
COVID-19 [7]. Pulse oximetry-estimated saturation
(SpO,) was routinely monitored for every hospitalized
patient. Patients who could get out of bed were asked to
walk for 10 m under SpO, monitoring, which we called
the “oxygen stress test” If the SpO, dropped below 93%
during or after walking, a high risk of developing severe
conditions was noted. Unfortunately, the test is empirical.
We do not have sufficient data to support this hypoth-
esis, and further studies are encouraged. Additionally,
an early warning system, including an oxygen stress test,

lymphocyte count, and D-dimer levels, was established
to identify severe patients.

Second, systemic hyperinflammation is not very com-
mon in severe COVID-19 patients [8]. Several studies
have reported that cytokine storms play an important role
during disease development in patients with COVID-19
[8]. Anti-inflammatory treatments, such as glucocorti-
coids or tocilizumab, were evaluated in clinical trials. The
RECOVERY study showed that glucocorticoids could
reduce mortality in patients with severe COVID-19 [9].
Approximately half of the patients received glucocorti-
coids in Wuhan; however, we found that glucocorticoid
treatment was not associated with better outcomes in
a cohort study [10]. We used an unsupervised machine
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Fig. 1 aThe ratio of various drugs used in critically ill patients with
COVID-19 in the first and later wave. Data of the first wave were from
our previous study (Intensive Care Med 2020 46:1863-1872) and data
of later wave were collected in the later outbreak of COVID-19in
Xinjiang and Heilongjiang provinces. b The mortality of the critically
ill patients with COVID-19 who received different ventilatory support.
HFNO high flow nasal oxygen; NIV non-invasive ventilation; IMV inva-
sive mechanical ventilation. These data are from our previous study
(Lancet Digit Health 2021; 3: e166-74)
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learning approach to identify inflammatory phenotypes
and found that glucocorticoids were associated with
lower mortality in patients with a highly inflammatory
phenotype [10].

Third, the shunt is an extreme form of V/Q mismatch-
ing. In most ARDS cases, V/Q mismatching prevails over
the shunt. The prone position can recruit collapsed alve-
oli in gravity-dependent regions and reduce pulmonary
shunting in patients with ARDS. Sun et al. first recom-
mended awake prone position ventilation in patients with
severe COVID-19 [11]. Later studies showed that awake
prone position ventilation could significantly improve
oxygenation but not avoid the rate of intubation [12].
We found that prone positioning substantially improved
overall V/Q matching by decreasing dead space; however,
this effect was lost after reverting to the supine position
in patients with COVID-19. A prolonged prone position
is associated with better outcomes. Most of our patients
tolerated more than 12 h or longer in the prone posi-
tion every day. In the critical care expert consensus, we
recommend that spontaneously breathing patients with
COVID-19 who need oxygen therapy or have rapid dete-
rioration in chest images should assume a prone position
for at least 12 h per day [13].

Fourth, high-flow nasal oxygen (HENO) therapy is
commonly used to improve hypoxemia in clinical prac-
tice. However, delayed intubation will lead to higher mor-
tality in patients who receive HFNO therapy. We found
that intubated patients after HFNO or noninvasive ven-
tilation (NIV) failure had significantly higher mortality
than patients who received directed invasive mechanical
ventilation (Fig. 1b). It is difficult to assess the respiratory
drive during HFNO therapy. However, under a certain
pressure support level during NIV, a higher tidal vol-
ume reflects higher respiratory effort. Every patient who
received HFNO therapy should switch to NIV for a short
time. We performed an expiratory occlusion maintained
for the duration of a single breath during NIV to meas-
ure expiratory occlusive pressure (NIV test), which also
reflects respiratory effort. However, during NIV, occlu-
sion pressure may underestimate inspiratory driving.
Chinese expert consensus suggested that when the tidal
volume was continuously greater than 9-10 ml/kg PBW,
patients need intubation and should receive lung-protec-
tive ventilation [13].

Additionally, we believe that ventilation strategies
should be the same as those in ARDS patients with the
same respiratory mechanics and clinical characteristics,
regardless of whether ARDS is induced by COVID-19.
Ferrando et al. analyzed 742 patients with ARDS caused
by COVID-19 and found that these patients had similar
characteristics to other traditional ARDS patients [5].
SSC guidelines also recommend ventilation strategies

similar to those of traditional ARDS for COVID-19
ARDS patients [4]. However, Gattinoni et al. reported
that COVID-19 pneumonia is categorized into two phe-
notypes: type H and type L [14]. Chiumello D et al. used
computed tomography scans and found that COVID-19-
ARDS was characterized overall by higher compliance
and lung gas volume for a given PaO,/FiO, [15]. We also
had some COVID-19 ARDS patients with high respira-
tory compliance and low lung recruitability. Positive end
expiratory pressure (PEEP) settings based on the FiO,/
PEEP table may result in extremely high driving pressure
and plateau pressure in these patients.

Personal protection should follow the World Health
Organization (WHO) guidelines

Personal protective equipment is important for the pre-
vention of COVID-19. However, during the first wave of
the pandemic, overprotection was common due to fear of
infection. Medical staff members wore hats, N95 masks
and surgical masks, long-sleeved gowns and coveralls,
goggles and face shields and at least two pairs of gloves
when he or she entered the isolation ward to take care of
COVID-19 patients. A negative pressure headcover was
used during suction or other operations. These strategies
further aggravate medical and social resource shortages.
In addition, excessive protection can cause psychological
pressure and affect the quality of medical management.
Later, we followed the guidelines from the WHO to use
personal protective equipment in various circumstances.

Strategies to be employed after COVID-19 in China

Although COVID-19 is almost controlled in China,
we need to take measures to prevent the recurrence of
COVID-19 due to the very serious condition world-
wide. In addition, strategies should be implemented to
cope with outbreaks, such as COVID-19, in the future.
The critical care system should be rebuilt and strength-
ened. ICU beds should be doubled, and residents should
receive critical care training. In addition, general wards
are designed such that some beds can be converted into
ICU beds when needed. In addition, critical care staff are
encouraged to receive vaccination to prevent infection
when they take care of COVID-19 patients.

In conclusion, the COVID-19 pandemic has changed
the critical care delivery system in China. Critical care
resources should be prepared for the next disaster, similar
to COVID-19, in the future. Clinical studies are encour-
aged during the pandemic to identify effective prevention
and intervention strategies to control the disease.
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