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Abstract

Background: The ongoing coronavirus disease 2019 (COVID-2019) pandemic has swept all over the world, posing a
great pressure on critical care resources due to large number of patients needing critical care. Statements from front-
line experts in the field of intensive care are urgently needed.

Methods: Sixteen front-line experts in China fighting against the COVID-19 epidemic in Wuhan were organized to
develop an expert statement after 5 rounds of expert seminars and discussions to provide trustworthy recommenda-
tion on the management of critically ill COVID-19 patients. Each expert was assigned tasks within their field of exper-
tise to provide draft statements and rationale. Parts of the expert statement are based on epidemiological and clinical
evidence, without available scientific evidences.

Results: A comprehensive document with 46 statements are presented, including protection of medical personnel,
etiological treatment, diagnosis and treatment of tissue and organ functional impairment, psychological interven-
tions, immunity therapy, nutritional support, and transportation of critically ill COVID-19 patients. Among them, 5
recommendations were strong (Grade 1), 21 were weak (Grade 2), and 20 were experts’ opinions. A strong agreement
from voting participants was obtained for all recommendations.

Conclusion: There are still no targeted therapies for COVID-19 patients. Dynamic monitoring and supportive treat-
ment for the restoration of tissue vascularization and organ function are particularly important.
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Introduction

The outbreak of novel coronavirus pneumonia that was
first detected in Wuhan in December 2019 resulted in a
worldwide pandemic. On February 11, 2020, the World
Health Organization (WHO) formally named it corona-
virus disease 2019 (COVID-19). A person with labora-
tory confirmation of virus causing COVID-19 infection,
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irrespective of clinical signs and symptoms, is considered
as a confirmed case [1].

Globally, more than 3,750,000 confirmed individu-
als and over 250,000 deaths, across more than 200
countries, territories or areas have been reported
[2]. Approximately 14% of confirmed cases devel-
oped severe disease [3], while the grand fatality rate
was 4.2% [2]. As the virus continues to spread at an
alarming rate, healthcare workers are seeking effec-
tive and actionable management for affected patients.
In China, physicians have been coping with COVID-19
for over 3 months. Most of the people who contracted
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COVID-19 presented with mild symptoms (80.9%),
then severe (13.8%), and finally critical (4.7%) (Table 1)
[4]. Most of the confirmed cases were between the
ages of 30 and 70 (86.6%), diagnosed in Hubei (74.7%),
with the overall fatality rate of 2.3%, and 0.3% in health
workers [4]. The case fatality rate for critical cases was
49.0% [4]. Patients with underlying diseases had much
higher fatality rates than patients with no underlying
diseases (10.5% for cardiovascular disease, 7.3% for
diabetes, 6.3% for chronic respiratory disease, 6.0% for
hypertension, 5.6% for cancer, and 0.9% for none) [4].
The epidemic outbreak curve peaked around January
23-26, 2020, after which the decline ensued. A recent
single-center study found that most critical patients
developed organ dysfunction, where 67% were found
to have acute respiratory distress syndrome (ARDS),
29% with acute kidney injury (AKI), 23% with cardiac
injury, 29% with liver dysfunction, and 2% with pneu-
mothorax [5]. Besides these epidemiological findings,
Chinese experts have gained valuable experience in the
management and pathology of this disease. We con-
sider it our responsibility to share these experiences
through the expert consensus.

Chinese specialists in critical care medicine were
organized and worked together to develop an expert
statement after five rounds of expert seminars and dis-
cussions. This statement represents a synthesis of evi-
dence and experts’ consensus on critical care, despite
the lack of clinical trials. Critical cases are character-
ized by exhibited respiratory failure, septic shock, and/
or multiple organ dysfunction/failure [6]. In experts’
opinion, the patients should also be considered as
critical cases if they are suffering from high respira-
tory frequency (RR>30 bpm) and low oxygen index
(arterial partial pressure of oxygen (PaO,)/fraction of
inspired oxygen (FiO,) <200 mmHg) under high-flow
nasal cannula oxygen therapy (HFNC). The experts
drew up 9 sections on the management of COVID-19
disease, mostly based on the experience in Wuhan.

Table 1 The severity of the COVID-19
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Methods
The statements were drawn up by a group of 16 front-line
intensive care experts in China who fought against the
COVID-19 epidemic in Wuhan. The group’s agenda was
predefined. The expert group first defined clinical ques-
tions to be addressed and then designated the experts
in charge of each question after a first meeting. All the
questions were formulated according to the population,
intervention, control, and outcome (PICO) format, which
helps defining inclusion and exclusion criteria for the
literature searches and identifying relevant studies. The
quality of evidence was assessed using the methodology
described in grades of recommendation, assessment,
development, and evaluation (GRADE). The quality of
evidence can be high, moderate, low, or very low. Because
of the sudden outbreak of a COVID-19, the proposed
question could be the subject of a recommendation as
an expert opinion due to inexistent or insufficient lit-
erature. In addition, the published data on Severe Acute
Respiratory Syndrome (SARS), Middle East Respiratory
Syndrome (MERS) and other coronaviruses infections,
as well as data on supportive care in the ICU from stud-
ies on influenza and other respiratory viral infections,
ARDS and sepsis was used as indirect evidence. A total of
5 rounds of expert seminars and discussions were organ-
ized to provide trustworthy recommendation on the
management of critically ill COVID-19 patients (Table 2).
We use the wording “we recommend’, “recommended’,
“should” or “should not” for strong recommendations,
“should probably’; “should probably not” or “should prob-
ably be considered” for weak recommendations, and “the
experts suggest’, “the experts suggest against’, “suggested”
or “not suggested” for expert opinion. The implications of
the recommendation strength are presented in Table 3.
The proposed recommendations were discussed one by
one. At least 75% of experts agree to approve a proposal
for criteria, and at least 90% of experts must agree to
reach a strong agreement. In the absence of strong agree-
ment, choose to reformulate the proposal and re-rating,
in order to reach consensus. Only the expert opinions
that give strong agreement are retained.

Severity Definition

Mild No signs of pneumonia on imaging

Moderate Fever and respiratory symptoms with radiological findings of pneumonia

Severe Dyspnea, respiratory frequency > 30/min, blood oxygen saturation < 93%,
Pa02/FiO2 ratio < 300, and/or lung infiltrates > 50% within 24-48 h

Critical Respiratory failure, septic shock, and/or multiple organ dysfunction/failure.
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Table 2 Statement timeline
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March 15, 2020
March 19, 2020
March 26, 2020

April 2, 2020

April 3, 2020

Designating the experts in charge of each addressed question
Each expert made a detailed outline of their respective question

Discussing and resolving the problems encountered by the
experts in the process of making the statements

(1) Discussing the experts'respective statement and rational
after revision; (2) first round of scoring

Guideline finalization meeting for the second round of scoring

Table 3 Recommendations according to the GRADE methodology

Recommendations

High level of evidence

Grade 1+ Strong recommendation
“..werecommend...”"...recommended..."or"...should...”
Grade 2+ Weak recommendation

Low level of evidence

“...should probably..."or"...should probably be considered..."

Expert opinion

Recommendation in the form of an expert opinion

Insufficient level of evidence

"...The experts suggest...,"...suggested...’"... The experts suggest against...; or

“...not suggested...”

Grade 2- Weak recommendation
“...should probably not..."
Grade 1- Strong recommendation

"..should not...”

Low level of evidence

High level of evidence

Areas of recommendations

The prevention and control of infections, diagnostic
strategy, therapeutic management, and transportation
of patients were defined. Literatures were searched via
PubMed and the Cochrane Library databases. Only arti-
cles published in English or with an English abstract were
included in the analysis focused on recent data according
to an order of appraisal ranging from meta-analyses to
randomized trials to observational research studies. The
study population size and research relevance were con-
sidered for each study.

Summary of results

According to the GRADE method and summary of the
results, experts drew up 46 statements. Of these guide-
lines, 5 had a high level of evidence (GRADE 1+), 21 had
a low level of evidence (GRADE 2+), and 20 were expert
opinions. A strong agreement was reached for all state-
ments after two rounds of scoring.

| Prevention and control of infections

Occupational safety and health

As the front-line of the COVID-19 outbreak response,
health care workers are exposed to a huge risk of infec-
tion. Therefore, health care workers must follow the
standard precautionary principles and try their best
to ensure the personal protection, hand hygiene, ward

management, environmental ventilation, and sanitiza-
tion of the object surface, so as to avoid nosocomial
cross-infection.

Statement 1 Implementation of standard precautions,
strengthening ward management, and self-management
are suggested safety measures for health care workers
(expert opinion).

Rationale Averted by the current epidemic situation
of COVID-19, taking proper precautions is essential for
avoiding the spread of infection among health care work-
ers. Thus, the following points need to be considered.

As a high-risk environment, tertiary class protection is
suggested for health care workers in intensive care unit
(ICU). Personal protective equipment (PPE) includes dis-
posable surgical cap, N95 mask, work uniform, disposable
medical uniforms, disposable latex gloves, goggles, and
full-face shields. Full-face respiratory protective devices
or powered air-purifying respirators are required when
performing aerosol-generating procedures. Destroying
and disposing of masks properly, putting on and remov-
ing PPE, and practicing hand hygiene are necessary to
avoid self-contamination. Special attention should be
paid to details such as the side exposure of the eyes and
wrists with glove slippage, as well as the risks of infec-
tion while removing some disposable shoe covers [7].
The hand hygiene system should be strictly implemented
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according to the newly developed Five Moments for
Hand Hygiene included in the WHO Guidelines on Hand
Hygiene in Health Care (Advanced Draft) [8].

Clinical triage system needs to be established to assess
all patients at admission, allow for early recognition of
possible COVID-19 cases and immediate isolation of
patients with suspected disease in an area separate from
other patients (source control). The number of family
members and visitors who are in contact with suspected
or confirmed COVID-19 patients should be limited or
visiting should be prohibited altogether. The proper dis-
posal of clinical waste should be ensured [9].

Health care workers need to self-monitor for signs
of illness and self-isolate. If illness occurs, they should
report it to managers and stay at home. A sensible diet,
proper rest, and adequate exercise are advised to main-
tain physical and psychological health. Health care work-
ers should familiarize themselves with related working
procedures so as to avoid mistakes [10].

Statement 2 Proper ICU ward setting, necessary equip-
ment and facilities, and strict ICU environmental disin-
fection, are suggested (expert opinion).

Rationale 1t is suggested to adjust measures accord-
ing to the differing conditions so as to set the ICU ward
rationally. Contaminated areas, potentially contaminated
area and clean areas need to be strictly divided. The
buffer zone should be set between every two areas. Post-
ing eye-catching logos on each area is required to prevent
straying into the wrong place. Different points of access
should be set for medical staff and patients, making sure
they do not get crossed. For ICU, tertiary class protection
should be correctly performed in each area, which is of
great importance for precaution of COVID-19 [11]. The
use of negative pressure rooms with natural ventilation
is recommended by the WHO guidance to prevent the
spread of airborne pathogens among rooms [7, 12].

First-aid materials and medicine such as oxygen tank,
electrocardiogram (ECG) monitor, defibrillator, injection
pump, infusion pump, endotracheal intubation supplies,
portable vacuum extractor, noninvasive ventilator, inva-
sive ventilator, hemofiltration equipment, extracorporeal
membrane oxygenation (ECMO) equipment and so on
should be prepared. Other equipment, including air dis-
infecting machine and air cleaner, as well as medical gas
systems including oxygen, compressed air, special gas,
and vacuum suction systems, need to be assured too.

It is of particular importance to implement effec-
tive measures to prevent the spread of COVID-19 in
ICU. Disinfection includes concomitant disinfection
and terminal disinfection. Concomitant disinfection
must be conducted immediately for the materials and
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environment contaminated by the excretion of the sus-
pected and confirmed patients. Following the end of 1
day’s work in ICU, or the patients’ recovery or death in
the isolation ward, terminal disinfection needs to be done
carefully. Key disinfection objects include patients’ liv-
ing supplies such as clothes and quilt, medical supplies,
ground and wall space of ICU wards, the surface of desks
and bed tables, as well as air [11, 13].

Precautions of artificial airway establishment and fiber
bronchoscopy procedures in severe COVID-19 patients
Current evidence indicates that COVID-19 is mainly
transmitted from person to person through droplets,
contact, and even high concentrations of aerosols [6].
Large amounts of droplets and aerosol are generated by
sputum suction in the airway, specimen collection, tra-
cheal intubation, fiber bronchoscopy, tracheotomy, etc.
Accordingly, surgeons are at a great risk of contamina-
tion. In order to avoid occupational exposure, recom-
mendations during the aerosol-generating procedures in
COVID-19 patients are the following:

Statement 3 If possible, COVID-19 patients should
probably be admitted to negative pressure rooms (Grade
2+, weak recommendation).

Rationale Negative pressure rooms are aimed to
decrease the concentration of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) patho-
gens. In view of that, the risk of contamination would be
decreased during the aerosol-generating procedures in
such a setting. During the severe acute respiratory syn-
drome (SARS) epidemic, it was reported that negative
pressure settings were effective in preventing cross-con-
tamination and protecting the staff and patients inside
the room [14]. According to WHO recommendations
for COVID-19 patients, such locations should be with a
minimum of 12 air changes per hour or at least 160 L/
second/patient with natural ventilation [3].

Statement 4 'The experts suggest that operators wear a
portable air-purifying respirator with level III biosafety
protection (Expert opinion).

Rationale An observational study reported that among
138 hospitalized patients diagnosed with confirmed
COVID-19 in Zhongnan Hospital in Wuhan in January,
2020, 40 were healthcare workers [15]. Till March 15,
2020, it has been reported that over 3000 health work-
ers were confirmed with COVID-19, among whom 14
died. The memory of what has happened during the
2003 SARS outbreak is still fresh. A systematic review
showed that the healthcare workers who performed
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aerosol-generating procedures, including endotracheal
intubation (odds ratio, 6.6), noninvasive ventilation (odds
ratio, 3.1), tracheotomy (odds ratio, 4.2), and manual ven-
tilation before intubation (odds ratio, 2.8) were at higher
risk of suffering from SARS infection compared with the
non-performers [16].

Most of the infections among healthcare workers
occurred at the early stage of this outbreak when the
self-protective directive has not yet been established
and reinforced. After confirmation of human to human
transmission of SARS-CoV-2, the self-protection for
healthcare workers was subsequently established and
reinforced from the end of January 2020. Level III
biosafety protection is mandatory for intubation accord-
ing to the guidance of the General Office of the National
Health Committee [17].

PPE donning process should be strictly followed dur-
ing high-risk operation: disposable hair cover, fit-tested
NO95 respirator or equivalent, fluid-resistant gown, two
layers of gloves, goggle and face shield, and fluid-resistant
shoe covers. The main operator should use portable air-
purifying respirator. All the donning processes should be
supervised by a professional nurse or assistant.

Dofting process of PPE after high-risk exposure should
also be followed: hand hygiene, face shield and gog-
gle removal, fluid-resistant gown removal, outer glove
removal, shoe cover removal, inner glove removal, hand
hygiene, N95 respirator or equivalent removal, and hair
cover removal. The doffing process seems to be of greater
importance. All the processes should also be supervised
so as to reduce the risk of contamination [18].

Statement 5 a) The aerosol-generating operations such
as tracheal intubation and tracheotomy are suggested
to be performed by senior physicians or specialists in
the field. An electronic laryngoscope with light emit-
ting diode is suggested during endotracheal intubation.
If possible, disposable equipment is suggested to be used.
b) Fiber bronchoscopy is not suggested for patients with-
out an artificial airway. The operation is suggested to be
performed by senior physicians or professionally trained
respiratory therapists. A bronchoscope with an external
display is suggested for facilitating operations. If possible,
the use of a disposable bronchoscope is suggested (expert
opinion).

Rationale Large amounts of aerosols generated by
incubation can increase the risk of transmission and
nosocomial infection [16]. Thus, visual devices are rec-
ommended to facilitate the procedure, limit operation
time [19] and ensure the distance between operator and
patient. Routine fiber bronchoscopy operations are not
suggested for COVID-19 patients. Meanwhile, most
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COVID-19 patients have few airway secretions [4] so that
the indication of bronchoscopy should be strictly mini-
mized. According to the recommendations by the Cent-
ers for Disease Control and Prevention (CDC) [20] and
WHO [9], disposable medical equipment should be used
for patient care if possible.

Statement 6 (a) Deep sedation (Richmond Agitation—
Sedation Scale (RASS): 3-4) is suggested for patients
during the procedure of fiber bronchoscopy. (b) The arti-
ficial airway is suggested to be connected with a three-
way connector allowing access to get into the airway to
perform a bronchoscopy. (c) The use of a closed airway
suction device is suggested (expert opinion).

Rationale Severe COVID-19 patients with artificial
airway tend to suffer from severe hypoxemia [15]. The
patient’s secretions, droplets, and aerosols can be widely
spread during the operation. Patients should be intubated
within 60 s [18].

The procedure of fiber bronchoscopy should be per-
formed gently with great caution in severe COVID-19
patients.

During bronchoscopy, following procedures should
be followed to avoid aerosols spreading: artificial airway
should be connected with a disposable three-way con-
nector to a ventilator, then (a) ventilator needs to be set
to standby mode, (b) the artificial airway needs to be
briefly clamped, (c) the bronchoscopy should be quickly
inserted into the connector, (d) the clamp should be
opened, (e) ventilation should be restored [21].

For the patients requiring mechanical ventilation, it is
not advisable to disconnect patients from the ventilator.

Etiological treatment

Which antiviral drug can be used for the treatment

of critically ill patients with COVID-19?

Even though some clinical experts insisted that antivi-
ral therapy is unnecessary for seriously ill patients with
COVID-19 since the course of disease in severe types is
longer than 2 weeks, multiple virus particles have been
found at the lung lesions following histopathological
examination. Up to date, there is no specific antiviral
drug that has been testified and globally recognized effec-
tive for treating COVID-19. In China, several antiviral
drugs such as ribavirin, ganciclovir, oseltamivir, arbidol,
alpha-interferon, chloroquine, lopinavir-ritonavir, and
remdesivir have been used in clinical settings for the
treatment of COVID-19. Among them, oseltamivir and
arbidol hydrochloride are the most commonly utilized;
however, these antiviral drugs were originally designed
for influenza, and their efficacy and safety for COVID-19
need to be further investigated.
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Statement 7 No antiviral drugs are proven effective and
should probably be considered for SARS-CoV-2 treat-
ment (Grade 2+, weak recommendation).

Rationale Ribavirin is a broad-spectrum antiviral
drug. Clinical observations have suggested that early
use of this drug is efficacious in containing COVID-19.
To avoid possible aerosol transmission, we do not rec-
ommend alpha-interferon nebulization for COVID-19
infected patients. According to a very recently published
clinical study from France, hydroxychloroquine can sig-
nificantly reduce viral load in COVID-19 patients, and
azithromycin can further enhance this effect [22]. In this
study, combination use of hydroxychloroquine (HCQ)
and azithromycin for at least 3 days at an early stage
could rapidly reduce the nasopharyngeal viral load and
decrease the length of hospital stay for infected patients.
It should be noted that treatment with higher chloro-
quine diphosphate (CQ) dosage (600 mg CQ twice daily)
is not recommended for severe COVID-19 due to its
potential safety hazards, especially when taken concur-
rently with azithromycin and oseltamivir [23]. Nonethe-
less, a randomized controlled trial (RCT) trial conducted
by Cao et al. suggested monotherapy of lopinavir-riton-
avir did not bring about any clinical benefits for severe
COVID-19 patients compared with standard supportive
care, which may be partly caused by the higher throat
viral loads in lopinavir-ritonavir group, delayed treat-
ment initiation [24]. Of note, these clinical studies were
limited by relatively small sample sizes. More large-scale
and well-designed clinical trials are needed to confirm
their potential therapeutic effects. Arbidol monotherapy
might be better than lopinavir-ritonavir in reducing viral
load in COVID-19 patients [25]. A clinical study from
Gilead Sciences showed that remdesivir could improve
clinical conditions in critically ill patients with COVID-
19, and stop patient from receiving invasive mechanical
ventilation or ECMO [26]. However, a recent multicentre
study published in the Lancet found no benefit of rem-
desivir in improvement of clinical outcomes for severe
COVID-19 [27]. One recent study published in N Engl
] Med showed that compassionate use of remdesivir
improved clinical outcomes in a subset of severe COVID-
19 patients [28]. However, the absence of control groups
precludes a final conclusion. The definite therapeutic
effectiveness of remdesivir in the treatment of severe
COVID-19 needs to be further verified. Remdesivir
has been approved as a potential treatment for severe
COVID-19 patients by the Japanese Ministry of Health,
Labour and Welfare (MHLW) on May 7, 2020 due to the
COVID-19 pandemic [29].

The main side-effects of these antivirals include QT
interval elongation, bradycardia, hepatic injury, and
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obvious gastrointestinal reactions such as serious diar-
rhea and vomiting which may contributed to disease
deterioration. Clinical trials testing remdisivir for the
treatment of severe COVID-19 patients are underway
(NCT04365725, NCT04292899).

How to evaluate convalescent plasma therapy in a patient
with COVID-2019?

Convalescent plasma therapy belongs to passive immu-
nization, which is used for the treatment of virus infec-
tions when specific drugs and vaccines are unavailable.
Convalescent plasma, which has been used for more than
one hundred years, can provide specific antibodies to
neutralize and eradicate the viruses from the blood cir-
culation. Up to date, there is no particular treatment for
COVID-19. In 2014, the WHO recommended the use of
convalescent plasma collected from patients who recov-
ered from the Ebola virus infection as an empirical treat-
ment during the outbreak [30]. During the COVID-19
epidemic period, this method was also recommended by
the National Health Commission of China for the treat-
ment of severe and critical patients [6].

Statement 8 Convalescent plasma therapy should prob-
ably be used for severe and critically ill patients with
COVID-19 (Grade 2+, weak recommendation).

Rationale Convalescent plasma has been testified
to suppress viremia, shorten the hospital stay, and
reduce mortality during several virus epidemics. In
1918 during a Spanish influenza pandemic, conva-
lescent plasma reduced the mortality rate by >50% in
severe patients [31]. Since then, it was also used for
prophylaxis or as a treatment for several virus infec-
tions such as measles, Argentine hemorrhagic fever,
influenza, chickenpox, and infection by cytomeg-
alovirus. Over the past two decades, its efficacy and
safety were confirmed during pandemics of SARS,
MERS, HIN1 and H5N1 avian flu. During the SARS
pandemic in 2003, eighty patients received convales-
cent plasma at Prince of Wales Hospital, Hong Kong.
By the 22nd day, a higher discharge rate was observed
in patients (n=48) given convalescent plasma before
day 14 than that given plasma after day 14 (58.3% vs.
15.6%; P<0.001) [32]. A prospective cohort study
conducted by Hung et al. showed that convalescent
plasma therapy (n=20) significantly reduced mortal-
ity compared to the control group (n=73) (20.0% vs.
54.8%; P <0.01). Meanwhile, plasma treatment lowered
the upper respiratory tract virus load and decreased
serum cytokines levels in patients with severe pan-
demic (H1N1) 2009 virus infection [33]. These studies
verified the efficacy of convalescent plasma in patients
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with virus infections. It has been reported that among
three severe MERS patients who received convalescent
plasma infusion, just two showed neutralizing activity
[34]. Among five critically ill patients with COVID-19
receiving mechanical ventilation convalescent plasma
infusion, 3 patients were discharged, while 2 clinically
ill patients improved and maintained the stable condi-
tion till the day 37 after transfusion [35]. A study per-
formed in 10 severe COVID-19 patients found that
convalescent plasma treatment could improve clinical
outcomes, improve immune function, and promote
absorption of lung lesions [36]. Nonetheless, just like
any other treatment, convalescent plasma has its limi-
tations. The main limitation refers to the reported
studies, which are not randomized trials, but just pro-
spective cohort studies or case series studies. There-
fore, it was not possible to eliminate the influence of
baseline severity and other treatments when evaluat-
ing the effects of convalescent plasma therapy. Other
limitations include the risk of transmitting infections
to transfusion service personnel, the need for adequate
selection of donors with high neutralizing antibody
titers, and the risk of other transfusion-transmitted
infections [37]. However, regardless of these limita-
tions, since there are still no specific etiological treat-
ments for COVID-19, and convalescent plasma is
available, it is reasonable to use it in the treatment of
COVID-19 patients.
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Oxygen therapy and respiratory support

Respiratory failure is the primary organ dysfunction,
which worsens the prognosis of COVID-19 patients.
Oxygen therapy and respiratory support are the key treat-
ments for COVID-19-induced ARDS. Due to inflamma-
tory and necrosis-induced small airway occlusion, which
was confirmed by autopsy of COVID-19-induced ARDS,
positive pressure ventilation is vital to restore the col-
lapsed airway and improve gas exchanges. However, high
end-inspiratory pressure increases stress and strain to
normal alveoli and increases the risk of lung injury. Oxy-
gen therapy and respiratory support for COVID-19-in-
duced ARDS should balance airway recruitment and risk
of lung injury (Fig. 1).

HFNC and NIV
Indication for HENC and NIV.

Statement 9 NIV and HENC should probably be
used for COVID-19-induced ARDS with PaO,/
FiO, >150 mmHg (Grade 2+, weak recommendation).

Rationale Noninvasive ventilation support (NIV) and
HFNC are important treatments for COVID-19-in-
duced mild and moderate ARDS. The mechanisms of
the two treatments are positive end-expiratory pres-
sure, decreased respiratory workload, decreased inci-
dence of intubation, ease of use, and higher comfort. In

Critical patients

/

PiO,/FiO, < 150 mmHg |
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Endotracheal intubation

1 —\ / NIV orlHFNC \

\
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Fig. 1 Protocol of respiratory therapy for COVID-19-induced ARDS. NIV non-invasive ventilation, HFNC high-flow nasal cannula, PBW predict body
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a randomized trial of adult patients admitted to the ICU
for acute hypoxemic, nonhypercapnic respiratory insuf-
ficiency, continuous positive airway pressure (CPAP)
delivered by face mask was associated with an early
improvement in oxygenation; however, it was not associ-
ated with a reduced need for intubation or with improved
outcomes [38]. A trial that compared HFNC oxygen,
standard oxygen via face mask and face mask NIV in
310 patients with acute hypoxemic respiratory failure,
reported that the intubation rate was significantly lower
with HENC oxygen than with standard oxygen or NIV
among patients with PaO,/FiO, <200 mmHg at enroll-
ment and, for the whole group (patients with PaO,/
FiO, <300 mmHg), patients managed with HENC had
improved survival. There were no differences in out-
comes between NIV and standard oxygen [39]. A sub-
study examined the practice of NIV use in ARDS of
LUNGSAFE STUDY reporting that NIV was associ-
ated with higher ICU mortality in patients with a PaO,/
FiO, <150 mmHg [40]. For COVID-19, there is no suffi-
cient evidence to prove that HENC is superior to NIV.

Indication for intubation

Statement 10 When using NIV and HENC, oxygenation
and breathing patterns are suggested to be closely moni-
tored, and intubation delays is suggested to be avoided
(expert opinion).

Rationale For all cases with noninvasive support, patients
should be closely monitored, as deterioration can
abruptly occur [41]. In China, some patients presented
with hypoxemia, later named “silence hypoxemia’, since
these patients were without corresponding clinical mani-
festations, e.g., no high respiratory rates, high heart rate,
respiratory distress, and other hypoxia symptoms. These
patients have a high risk of sudden death and should
be closely monitored and timely provided with oxygen
therapy.

Positive responses are usually evident soon after the
initiation of NIV and HFNC. If there is no substantial
improvement in gas exchange and respiratory rate within
a few hours, invasive mechanical ventilation should
be started without delay. Failure to recognize a lack of
improvement during noninvasive support may result in
further respiratory deterioration and/or cardiac arrest,
often with devastating consequences.

Delayed intubation increases ARDS mortality; there-
fore, early recognition of ARDS severity could avoid
delayed intubation. If the use of HFNC fails, endotracheal
intubation is unavoidable even with the use of rescue
NIV [42].
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The indications for HFNC and NIV intubation are
a higher level of severity (SAPS II score>34), hypox-
emia (PaO,/FiO, <150 mmHg), hypoxemia that is not
improved following NIV treatment for 1 h, and strong
spontaneous breathing (tidal volume with NIV >12 mL/
kg PBW) [43]. ROX index can be used to predict HFNC
failure and intubation for patients with respiratory fail-
ure; >4.88, suggests a high chance of success, <3.85 sug-
gests a high risk of failure, and intubating the patient
should be discussed; index between 3.85 and 4.88, sug-
gests the patient should be monitored very closely and
intubation delays should be avoided [44].

Invasive ventilation

Statement 11 Lung-protective strategy should be
used in COVID-19-induced ARDS (Grade 1+, strong
recommendation).

Nine RCTs including a total of 1629 patients have com-
pared mechanical ventilation strategies that limit tidal
volumes (4-8 mL/kg predicted body weight [PBW]:
males=50+0.91 x [height (cm)—1524] kg and
females =45.540.91 x [height (cm)—152.4] kg) and
inspiratory pressures with traditional strategies (with
tidal volumes 10-15 mL/kg PBW) [45, 46]. Another trial
that employed a multilevel mediation analysis to analyze
individual data from 3562 patients with ARDS, who were
also included in nine previously reported randomized
trials, identified driving pressure as the ventilation vari-
able that best-stratified risk. Decreases in driving pres-
sure owing to changes in ventilator settings were strongly
associated with increased survival [47].

Low tidal volume (6—8 mL/kg PBW), limited plateau
pressure (<30 cmH20), and driving pressure (<15 cm
H,0) could decrease ARDS mortality.

Statement 12 Bedside measurements should probably
be used for the evaluation of lung recruitability (Grade
2+, weak recommendation).

Rationale Alveolar collapse is mainly generated by
inflammatory lung edema, impairment of chest wall
movement, and surfactant deficiency. Some reports have
shown different effects of recruitment maneuvers in
ARDS patients due to lung recruitability [48]. From our
experience in Wuhan, most of the COVID-19 patients
had low lung recruitability [49].

Due to the infectiousness of COVID-19, CT, and the
other necessary equipment cannot always be used to
evaluate lung recruitability. However, some bedside
measurements, such as the pressure—volume curve,
recruitment to inflation ratio, and clinical parameters,
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can be measured by a ventilator and used to evaluate
lung recruitability [50].

Statement 13 Based on low lung recruitability in
COVID-19-induced ARDS, high PEEP should probably
not be used, and PEEP setting should probably be based
on various factors, including gas exchange, hemodynam-
ics, lung recruitability, and driving pressure (Grade 2+,
weak recommendation).

Rationale Use of positive end-expiratory pressure
(PEEP) usually improves gas exchange and helps reduce
the need for high FiO2. In addition, appropriate lev-
els may limit VILI by maintaining lung recruitment and
improving lung homogeneity [51]. When applied with a
constant Pplat, PEEP reduces the driving pressure and
keeps the lung recruited.

Because of the lack of resources, PEEP selection criteria
may include lung recruitability, PEEP/FiO2 table, respira-
tory system compliance, optimal oxygenation, and driv-
ing pressure [46, 47, 52]. Based on the available data, all
PEEP values represent a compromise between the extent
of recruitment and overdistension, and hemodynamics.

Statement 14 The experts suggest optimizing ventilator
settings to improve hypercapnia (Expert opinion).

Rationale In China, hypercapnia has been commonly
found in COVID-19-induced ARDS. The mechanisms
are related to lung injury inhomogeneity and an increase
in dead space. Firstly, optimization of ventilator setting is
important; secondly, the prone position could decrease
dead space and improve hypercapnia [53]; thirdly, tra-
cheal gas inflation (TGI), which influences sputum drain-
age, could increase alveolar ventilation and CO, removal
[54]; fourthly, extracorporeal life support or CO, removal
equipment could improve hypercapnia.

Prone position ventilation

Statement 15 We recommend using prone position-
ing in severe COVID-19 patients to prevent the dete-
rioration of patients’ condition (Grade 14, strong
recommendation).

Rationale Prone positioning has a beneficial effect on
oxygenation, lung recruitment, and stress distribution.
The physiological effects of prone positioning include
redistribution of lung densities, often with the recruit-
ment of well-perfused dorsal regions. Although prone
positioning increases chest wall elastance, this change
is usually accompanied by improved lung recruitment,
a reduction in alveolar shunt and improved ventilation/
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perfusion ratio, subsequent improvement in oxygena-
tion and CO, clearance, a more homogeneous distribu-
tion of ventilation and a reduced VILI risk [55, 56].

Indications for prone positioning include moderate-
to-severe ARDS (PaO,/FiO,<150 mmHg), and/or
hypercapnia. Duration of prone positioning should be
more than 12 h, and the termination of prone position-
ing should be based on the response of oxygenation,
lung mechanics, and hemodynamics.

Because prone positioning could improve lung inho-
mogeneity, early prone positioning should be provided
for COVID-19 infected patients with/without respira-
tory failure [57, 58] since it could prevent respiratory
failure.

Since COVID-19 is highly infectious, implementation
of the prone positioning might require more manpower,
thus further increasing the workload of medical person-
nel. Pressure injury of the skin and mucous, facial edema,
corneal edema, displacement of the catheter, and airway
obstruction must be avoided when placing patients in the
prone position.

Indication and timing of ECMO

Most of the COVID-19 patients presented with mild
symptoms; however, about 14% of patients developed
into severe cases, 5% of them were critically ill with mor-
tality estimates of 2.3—3.83% [59-61]. Mechanical ven-
tilation alone may not be enough to resolve refractory
hypoxemia and hypercapnia in these patients. ECMO
could be initiated to maintain oxygenation and avoid ven-
tilator-induced lung injury. A cross-sectional study found
that 14 (6.2%) patients treated with ECMO [62].

Statement 16 We recommend an early use of ECMO
in COVID-19 patients with refractory hypoxemia or
hypercapnia who have received invasive mechanical
ventilation and prone positioning (Grade 1+, strong
recommendation).

Rationale The appropriate timing of ECMO in COVID-
19 patients might be challenging due to enormous
demand and uncertainty related to the reversibility of
impaired lungs. To guarantee the reversibility of compro-
mised lungs, ECMO should be launched before injurious
mechanical ventilation, which is common in critically ill
patients with COVID-19 [63, 64]. The primary purpose
of ECMO is the maintenance of sufficient oxygenation,
removal of CO,, avoidance of high respiratory drive, and
sequencing of ventilator-induced lung injury. The follow-
ing traditional indications for ECMO may be suitable for
COVID-19 patients: PaO,/FiO, <50 for over 3 h; PaO,/
FiO, <80 for over 6 h; Irreversible pH <7.2 for over 6 h.
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Statement 17 'The experts suggest using the traditional
indications for ECMO in hospitals with sufficient medi-
cal resources. However, for areas with poor medical
resources, the indications for ECMO are suggested to be
balanced between the available resources and expected
outcomes (expert opinion).

Rationale The WHO guidance released a statement,
in which they suggest referring patients with refrac-
tory hypoxemia despite lung-protective ventilation to
those settings with expertise in ECMO [3]. The latest
guidance document issued by ELSO also suggested that
ECMO should be considered according to the standard
management algorithm for ARDS in patients with viral
lower respiratory tract infections [65]. However, in real-
ity, numerous patients who met the criteria for ECMO
were admitted over a short period, which was beyond
the capacity of the medical resource, including workforce
and equipment. In this context, the priority of the ECMO
supply should be balanced between the available medical
resources and disease reversibility.

Younger patients with minor or no comorbidities
should be given the highest priority when resources are
limited. Despite standard contradictions, patients who fit
the criteria below may be excluded: (1) patients with sig-
nificant comorbidities; (2) elderly patients with worsen-
ing prognosis; (3) patients on mechanical ventilation for
more than 7 days.

Statement 18 Prone position, as well as other adjunct
therapies should probably be used for critically ill patients
even during ECMO (Grade 2+, weak recommendation).

Rationale Ventilation with the prone position, which is
currently recommended by the guidelines, can improve
lung heterogeneity as well as oxygenation [66]. It should
be considered in the early stages of the disease rather
than as a delayed attempt [58]. Prone position ventilation
is currently widely applied for severe COVID-19 patients
in China [67]. Even if an ultraprotective ventilation strat-
egy is implemented with the aid of ECMO, prone ventila-
tion is considered to benefit the recovery of the lung.

Hemodynamic management

Myocardial injury in COVID-19 patients

Elevated myocardial enzymes, such as cardiac troponin
T (cTnT), creatine kinase (CK), creatine kinase-MB iso-
enzyme (CK-MB), have been widely observed in criti-
cally ill patients with the COVID-19, indicating potential
myocardial injury. A significant elevation of myocardial
enzymes often indicates a poor prognosis. Most patients
with elevated myocardial enzymes do not present com-
promised left ventricular systolic function (reduced

Page 10 of 24

ejection fraction) or abnormal electrocardiogram. Left
ventricular diastolic dysfunction or mild-to-moderate
pulmonary arterial hypertension is common in some
COVID-19 patients.

Statement 19 Intensive hemodynamic monitoring
should probably be considered for patients with hemody-
namic instability. ECMO should probably be used for sal-
vage therapy for patients with severe cardiac dysfunction
(Grade 2+, weak recommendation).

Rationale While SARS-CoV-2 and MERS-CoV share
similar pathogenicity, it has been shown that MERS-CoV
can induce acute myocarditis and heart failure [68]. Ele-
vation of biomarkers of cardiac injury is common among
critically ill patients with COVID-19 and associated with
a higher risk of in-hospital mortality [63, 69]. Reversible
subclinical diastolic dysfunction without systolic impair-
ment was observed in SARS [70]. Comparable to SARS,
most COVID-19 patients with elevated myocardial
enzymes do not present compromised left ventricular
systolic function. Left ventricular diastolic dysfunction or
mild-to-moderate pulmonary arterial hypertension have
been commonly found in COVID-19 patients. From our
experience, tachycardia such as sinus tachycardia and
atrial fibrillation were also common, while compensa-
tory tachycardia was absent, even in patients with severe
hypoxia or hemodynamic collapse.

The exact mechanism of myocardial injury in COVID-
19 remains unknown. It has been suggested that direct
myocardial injury is mediated via angiotensin converting
enzyme 2 (ACE2). ACE2-dependent myocardial infection
was observed in the murine model infected with SARS-
CoV [71]. One study published in N Engl ] Med provides
evidence that angiotensin-converting enzyme inhibitors
(ACEI)/angiotensin receptor blockers (ARB) medications
in COVID-19 patients did not show any association with
increasing susceptibility to SARS-CoV-2 [72].

In patients with hemodynamic instability, non-inva-
sive or invasive monitoring, such as echocardiography
or thermodilution methods, should probably be used
to guide fluid therapy or administration of vasoactive
agents. In patients with life-threatening cardiac dysfunc-
tion, extracorporeal life support might be salvage therapy.

Fluid management

Statement 20 Hypovolemia is common in criti-
cal COVID-19 patients, easy-to-implement param-
eters should probably be considered for the assess-
ment of the patient’s volumetric status (Grade 2+, weak
recommendation).
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Rationale The use of vasoactive drugs revealed that the
incidence of shock in critically COVID-19 patients was
35%, and 50% in non-survivor population [5]. The shock
could be the result of hypovolemia, cardiac injury, and
sepsis. Fever and mouth breathing could cause large
amounts of fluid loss in critical COVID-19 patients,
while decreased water intake, acute gastrointesti-
nal injury, depression, intubation, and sedation could
exacerbate hypovolemia. Previous studies reported on
the relationship between dehydration and mortality in
severe HIN1 patients [73]. Moreover, older age, comor-
bidities (especially diabetes and cardiovascular disease),
lower lymphocyte count, and higher D-dimer levels
were identified as risk factors associated with shock [5,
74]. Cardiac injury was found in 23% critical COVID-
19 patients [5], which meant poor fluid responsiveness
and the risk of pulmonary edema.

For these reasons, the patients’ volumetric status,
as well as the fluid responsiveness, should be dynami-
cally assessed. One meta-analysis of 13 RCTs showed
that dynamic assessment of fluid responsiveness could
improve the clinically relevant outcomes in ICU,
such as mortality reduction, reduced duration of ICU
length of stay, and mechanical ventilation [75]. Con-
sidering the limited clinical resources in the COVID-
19 pandemic, we recommend using simple bedside
assessments, such as passive leg raising (PLR), lactate
clearance, pulse pressure variation (PPV), and infe-
rior vena cava (IVC) collapsibility or distensibility. A
recent meta-analysis determined that the PLR induced
changes in cardiac output, with a pooled sensitivity
of 0.85 and a pooled specificity of 0.91 [76]. PPV also
accurately predicted fluid responsiveness in critical
patients. In a meta-analysis including 22 studies and
807 patients, PPV predicted fluid responsiveness with
the pooled sensitivity of 0.88 and a pooled specific-
ity of 0.89 [77]. IVC collapsibility resulted as a simple,
non-invasive bedside predictor of fluid responsiveness
with a sensitivity of 0.84 and a specificity of 0.90 [78].
Early lactate clearance-directed therapy was associated
with reduced in-hospital mortality, shorter duration of
mechanical ventilation, and shorter ICU-stay [79]. A
recent observational study showed higher serum lactate
levels in COVID-19 non-survivors (2.9 vs. 1.4 mm/L)
[5]. Besides, additional attention should also be paid to
mental states, degree of thirst, oliguria, skin tempera-
ture, and prolonged capillary refilling time as well.

Statement 21 Conservative fluid strategy should
probably be considered for COVID-19 patients with
ARDS while ensuring tissue perfusion (Grade 2+, weak
recommendation).
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Rationale Even though fluid management in COVID-
19 remains unknown, it could be assumed that these
patients would respond to fluid therapy in the same way
as other ARDS patients. Previous studies have shown that
higher cumulative fluid balance is related to the higher
mortality of critically ill patients, especially in cases of
ARDS [80] and/or septic shock [81]. Due to pulmonary
edema in critical COVID-19 patients [82], excessive fluid
therapy could increase extravascular lung water and
affect gas exchange, resulting in a poor prognosis. One
clinical trial found that the conservative fluid strategy
improved lung function, shortened the ICU-stay length
and duration of mechanical ventilation compared with
a liberal strategy in patients with acute lung injury [83].
Another study reported that more than half of critically
COVID-19 patients were older than 60 years [5]. When
older patients develop cardiac injury and pulmonary
edema, they tend to be less responsive to fluid intake
[74]. Conservative fluid strategies could reduce the
occurrence of positive fluid balance while ensuring tissue
perfusion [83]. Although it has been reported that con-
servative fluid strategy and liberal strategy have a similar
incidence of AKI and the requirement for renal replace-
ment therapy (RRT) [83], it is still necessary to closely
monitor the renal function of patients. At the same time,
attention should be paid to maintaining electrolyte bal-
ance and acid—base balance.

Statement 22 (a) Crystalloids should probably be con-
sidered for fluid resuscitation in critical COVID-19
patients. (b) Albumin should probably be considered for
patients with serum albumin less than 30 g/L (Grade 2+,
weak recommendation).

Rationale To date, there are still no studies on fluid
types in COVID-19 patients; thus, our observations are
based on relevant studies of critically ill patients in gen-
eral. A systematic review of 69 studies that included
30,020 participants revealed that using colloids (such as
starches, dextrans, albumin or fresh frozen plasma, or
gelatins) had no difference in mortality in critically ill
patients compared to crystalloids [84]. Considering the
price and accessibility, fluid resuscitation with crystal-
loids should probably be used for critically ill patients.

One single-center research reported that low serum
albumin (36.62£6.60 g/L) was associated with the pro-
gression of COVID-19 pneumonia [85], while another
study found no significant differences between the non-
aggravation and aggravation patients in the early stage of
the disease [86]. Serum albumin level <30 g/L was identi-
fied as an independent risk factor for the 30-day mortality
in patients with community-onset pneumonia [87]. Based
on the previous evidence and our clinical observations,



Shang et al. Ann. Intensive Care (2020) 10:73

hypoproteinemia is present in most COVID-19 patients;
thus, albumin supplement should probably be used for
patients with serum albumin levels below 30 g/L.

Psychological care, sleep, pain, agitation, delirium
and in severe and critical adult patients with COVID-19

Statement 23 Psychological and humanistic care should
probably be considered for conscious patients with
COVID-19 (Grade 2+, weak recommendation).

Rationale Besides experiencing physical impairment
and stressful treatments, COVID-19 patients are being
subjected to closing monitoring, and are also witnessing
varjous events in the ward such as sudden deterioration
of illness, emergency resuscitation procedures and death,
all of which could lead to posttraumatic stress disorder,
anxiety, and depression according to previous studies [88,
89]. It was reported that 10% to 18% of SARS survivors
had symptoms related to posttraumatic stress disorder,
anxiety, and depression and that emotional support, such
as communication with others and sharing worries could
reduce symptom severity [88]. Accordingly, psychologi-
cal implications should not be ignored in coronavirus
patients. Psychological health services and humanistic
care could have an important role in rehabilitation. The
previous study confirmed that citalopram could improve
reappraisal ability and anxiety symptoms in children and
adolescents [90] and that olanzapine could improve psy-
chotic symptoms [91]. Therefore, citalopram or olanzap-
ine should probably be used to improve the psychological
symptoms in patients or intervention of the psychologists
in the isolation ward who would perform psychological
assessment and psychotherapy for patients with new cor-
onary pneumonia.

Statement 24 The experts suggest assessing patients’
sleep quality, implementing comprehensive measures to
improve sleep and reduce the incidence of delirium, thus
promoting recovery (expert opinion).

Statement 25 Nonpharmacological strategies and phar-
macotherapy, including dexmedetomidine and mela-
tonin, should probably be considered to decrease the inci-
dence of delirium (Grade 2+, weak recommendation).

Rationale Sleep abnormalities, including abnor-
mal sleep architecture, sleep deprivation, and disrup-
tion, frequently occur in the ICU. Numerous factors
can affect sleep in COVID-19 patients, such as stress,
anxiety, pain, respiratory distress, tachypnea from the
underlying hypoxemia, noise levels, stage lighting in the
isolation ward, implementation of healthcare, procedures
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of healthcare workers, and the pathophysiology of the
acute illness. Sleep abnormalities may not only lead to
mental disorders, but could also damage tissue repair,
immune regulation mechanisms and cause delirium, all
of which are associated with patient’s poor prognosis
[92, 93]. Nonpharmacological strategies for preventing
sleep disturbances and treating delirium, such as keep-
ing noise levels within 44 and 45 dB range (A) during the
day, and less than 35 dB (A) at night [94, 95], and pro-
viding critical patients admitted to the ICU with earplugs
can significantly improve patient’s sleep and reduce the
risk of delirium [96]. However, in patients with sleep dis-
turbances and delirium, pharmacotherapy care may be
necessary. Medications such as dexmedetomidine [97]
and melatonin [98, 99] may promote sleep and decrease
the incidence of delirium, although only limited data are
available in support of their use [100].

Statement 26 Assessing pain and preferential use of
analgesia over sedation should probably be considered for
COVID-19 patients (Grade 2+, weak recommendation).

Rationale Pain is defined as an uncomfortable physical
and mental experience caused by physical injury, inflam-
mation, or emotional stimuli. COVID-19 patients tend to
experience pain due to hypoxia, long-term immobility,
inflammatory storm, impairment of heart, liver, kidney,
and other organ functions, procedures, and mental stress.
Opioids, such as remifentanil and sufentanil, are the first-
line options for analgesia in ICU according to the pain,
agitation/sedation, delirium, immobility, and sleep dis-
ruption (PADIS) guidelines [101]. Sufentanil can be used
for COVID-19 patients receiving invasive mechanical
ventilation during the early stage of severe ARDS because
of its stronger and faster onset of analgesia, and small
accumulation [102]. Remifentanil is suitable for COVID-
19 patients receiving invasive mechanical ventilation,
especially during person—ventilator confrontation [103]
due to stronger respiratory depression. Previous research
has confirmed that music or relaxation may dimin-
ish anxiety and discomfort in some patients [104, 105].
Therefore, nonpharmacological pain management strat-
egy can be used for conscious patients with COVID-19
or for patients who do not tolerate opioid therapy, such
as COVID-19 patients receiving HFNC oxygen therapy
or non-invasive mechanical ventilation.

Assessment of the patient’s pain is the foundation
of pain management. Accordingly, a numeric rating
scale (NRS) should probably be used for evaluation of
pain in all COVID-19 patients able to self-report their
pain. Behavioral pain scale (BPS) and critical-care pain
observation tool (CPOT) should be used to evalu-
ate pain in critically ill patients unable to express the
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pain for themselves. The ideal target values are: NRS < 4
points, BPS <5 points and CPOT < 3 points.

Statement 27 Deep sedation should be performed for
patients with severe ARDS, especially those receiving
invasive mechanical ventilation, prone position, neu-
romuscular blockade, or ECMO treatment (Grade 1+,
strong recommendation).

Statement 28 The experts suggest against daily sedation
interruption in deeply sedated patients (Expert opinion).

Rationale 1t is well known that analgesia and sedation
can eliminate pain and discomfort, reduce sympathetic
nerve excitement, patient’s metabolic rate, oxygen con-
sumption, the metabolic burden of various organs,
stress, and inflammation. However, plenty of evidence
suggests that deep sedation is associated with adverse
outcomes, including prolonged mechanical ventilation
and ICU-stay, higher mortality, lower rates of in-hos-
pital, and 2-year follow-up survival [106-110]. Under
‘real-life’ conditions in Wuhan, deep sedation was
extremely important for reducing oxygen consumption
and developing tolerance to mechanical ventilation by
new coronavirus patients with severe ARDS who suf-
fered from respiratory distress, tachypnea and respira-
tory overdrive even after receiving invasive mechanical
ventilation. Accordingly, deep sedation should be an
important part of lung-protective ventilation strat-
egy, especially during the early stage of severe ARDS.
Previous studies have confirmed that daily spontane-
ous awakening trials (interruption of sedatives) lead
to better outcomes in patients receiving mechanical
ventilation [111]. However, critically ill patients with
COVID-19 have a longer mechanical ventilation time,
and daily sedatives interruption is not suggested for
patients receiving deep sedation in order to reduce lung
damage during early stage of severe ARDS.

Midazolam and propofol are the primary medica-
tions used for ICU deep sedation. The Sedation—Agi-
tation Scale (SAS) and RASS are the reliable and valid
sedation assessment tools used for assessing the depth
and quality of sedation in COVID-19 patients. The
SAS and RASS should be used to measure the depth
after administering sedatives. The target value is RASS
-3—4 points, SAS 2 points for deep sedation, and SAS 1
point. The target value of very deep sedation is RASS
-5 point for patients receiving neuromuscular block-
ing agents [112], prone position, or ECMO treatment.
We suggest a bispectral index monitoring for patients
undergoing very deep sedation, if available.

Page 13 of 24

Statement 29 Light sedation is suggested for severe
COVID-19 patients receiving HFNC oxygen therapy and
non-invasive mechanical ventilation, and also for criti-
cally ill patients in the recovering stage (expert opinion).

Rationale Agitation and anxiety, which frequently
occur in COVID-19 patients, may be associated with
adverse outcomes. Appropriate sedation can reduce
anxiety and agitation while preserving patients’ comfort.
Light sedation can maintain frequent redirection, and
increase the physiologic stress response, but not increase
the incidence of myocardial ischemia. We suggest the use
of light sedation for COVID-19 patients receiving HFNC
oxygen therapy or non-invasive mechanical ventilation.
In addition, light sedation should be given to recovering
patients in order to reduce the time of mechanical ven-
tilation and the time of stay in ICU [113] when PaO,/
FiO, >150-200 mmHg.

Dexmedetomidine can be used for patients receiving
light sedation due to the small respiratory depression.
The target value of light sedation is SAS 3—4 points and
RASS —2 to +1 points.

Immunity therapy
There is some evidence that immunotherapy may be
effective against novel coronavirus infection. An arti-
cle [114] published on the MedRixv website stated that
the mortality of COVID-19 patients might be nega-
tively related to the number of lymphocytes in patients.
Both helper T cells and suppressor T cells in COVID-19
patients tend to be below normal levels and lower level
of helper T cells in the severe group. The percentage of
naive helper T cells increased, and memory helper T cells
decreased in severe cases. This suggested that novel coro-
navirus might fight the immune system; thus, early lym-
phocytes and T lymphoid subgroups testing are required
for early intervention, which may help to avoid lympho-
cyte depletion.

Currently, there are several available immunomodu-
latory drugs, including glucocorticoid, thymosin, and
immunoglobulin.

Glucocorticoid

Statement 30 Systemic corticosteroids should probably
not be used for the treatment of COVID-19. For critically
ill patients with ARDS at an early stage, corticosteroids
should probably be prudently used at a low or moderate
dose over the short course if there are no contraindica-
tions (Grade 2-, weak recommendation).

Rationale Glucocorticoid use in ARDS remains a contro-
versial topic. It is well known that corticoids are beneficial
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in the treatment of ARDS since they can alleviate inflam-
matory response and delay fibrosis [115]. A retrospective
study conducted in Guangzhou revealed that proper use
of corticosteroids in confirmed critical SARS patients led
to lower mortality and shorter hospitalization stay and
was not associated with significant secondary lower res-
piratory infections or any other complications [116].

However, there are some inconsistencies in the exist-
ing studies. A study involving 197 patients with ARDS,
showed improved oxygenation and lung injury score in
less than 12 h but no change in 28-day mortality [117].
Another study found no differences in overall mortal-
ity, while mortality was increased when steroids were
started after day 14 [118]. As for viral pneumonia, a few
studies have found that the administration of corticoster-
oids in patients with influenza pneumonia is associated
with increased ICU mortality [119, 120]. WHO does not
recommend routine use of corticoids in the treatment
of COVID-19, while treatment with methylpredniso-
lone may be beneficial for patients who develop ARDS,
as was shown by a retrospective cohort study of 201
patients with confirmed COVID-19 pneumonia admit-
ted to Wuhan Jinyintan Hospital in China [121]. Given
the inconclusive evidence and urgent clinical demand,
the guidance published by China National Health Com-
mission on March 4, 2020, suggested the use of gluco-
corticoids over the short time period (3 to 5 days) for
patients with progressive deterioration of oxygenation
indicators, rapid imaging progress, and excessive activa-
tion of inflammatory response. The dosage of methyl-
prednisolone should not exceed 1-2 mg/kg/day. It should
be noted that large doses of glucocorticoid might delay
the removal of coronavirus due to immunosuppressive
effects.

Thymosin

Thymosin is a peptide originally isolated from thymic tis-
sue, which was initially selected for its ability to restore
immune function to thymectomized mice. Thymosin
may act on precursor T cells to increase the number
of activated T helper cells and expression of Thl-type
cytokines such as interleukin-2 and interferon-alpha. The
activated DCS and Th1 cells then kill bacterial, fungal, or
viral infections and lead to the stimulation of differentia-
tion of specific B cells to antibody-producing plasma cells
and an improvement in response to vaccines by stimula-
tion of antibody production [122]. The use of thymosin
alpha 1 therapy in combination with conventional medi-
cal therapies may be effective in improving clinical out-
comes in a targeted population of severe sepsis [123].
Also, it has been observed that lower lymphocytes in
COVID-19 patients indicate worse prognosis [114]. Thus,
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thymosin may theoretically have an effect on COVID-19,
which needs to be further investigated.

Immunoglobulin

Immunoglobulin may regulate the host’s immune
response in a variety of ways, but it had no effect on mor-
tality in previous sepsis studies. At present, it is not rec-
ommended in the treatment of COVID-19.

Tocilizumab

A study performed in 20 severe or critical COVID-
19 patients showed that tocilizumab treatment could
improve clinical outcomes, promote absorption of lung
lesions, improve immune function, and reduce inflam-
matory response [124]. However, IL-6 inhibitor sari-
lumab was shown to be ineffective in the treatment of
severe COVID-19, leading to early termination of this
clinical trial [125]. Large sample size studies using pro-
spective cohort designs are required to verify the thera-
peutic effect of IL-6 inhibitors for severe COVID-19.

Secondary infection

Great attention should be paid to secondary infection
since it may worsen the patient’s prognosis. However,
since the data on the epidemiology of secondary infec-
tion in COVID-19 patients are lacking, we can only make
some suggestions according to our own experience and
some previous studies focused on HIN1.

Statement 31 'The experts suggest against using prophy-
lactic antibiotics for COVID-19 patients (expert opinion).

Rationale Due to the nature of virus infection, it is not
logical to use prophylactic antibiotics, and there is no
evidence that this strategy could reduce the incidence of
the secondary infection. On the other hand, according to
the management guidelines of COVID-19 from WHO
and China [3, 6], empiric antibiotic treatment should
only be used based on the clinical diagnosis (community-
acquired pneumonia, healthcare-associated pneumonia
or sepsis), local epidemiology and susceptibility data, and
treatment guidelines. Based on our observations from
Wuhan, many severe and critical COVID-19 patients
did not show any signs of bacterial infection (such as ele-
vated WBC, PCT and similar); thus, we do not suggest
the routine use of prophylactic antibiotics in COVID-19
patients, especially at the early stage or for non-intubated
patients.

Statement 32 The experts suggest closely monitoring
the signs of secondary infection, especially in critically
ill patients with COVID-19 who have been admitted to
ICU >48 h (expert opinion).
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Rationale Both long course of the disease and immuno-
suppressive state place the severe and critical COVID-19
patients at a high risk of secondary infection (including
bacteria and fungus). Unfortunately, the data on the epi-
demiology of secondary infection in COVID-19 patients
are lacking. However, based on the evidence from HINI,
secondary infection is very common in patients admitted
to ICU>48 h [120, 126]. Although a complete nosoco-
mial infection prevention and control system was set up
in Wuhan according to the guidelines [127, 128], venti-
lator-associated pneumonia and hospital acquired pneu-
monia were very common occurrences in the ICU. We
suspect this is mainly because the medical staff is wearing
heavy personal protective equipment, and heavy work-
load adhered to the incomplete implementation of these
measures. Consequently, the strategies for nosocomial
infection prevention should be effectively implemented,
and multiple site samples (blood, sputum, etc.) should
be routinely collected to monitor the signs of secondary
infection.

Diagnosis and treatment of COVID-19-associated
coagulopathy

In clinical practice, coagulation dysfunction is commonly
found in COVID-19 patients, and the symptoms range
from mild disorders of coagulation indicators to dissemi-
nated intravascular coagulation (DIC). The exact etiology
of COVID-19-associated coagulopathy is unclear, diverse
and multifactorial, and may include direct attack by the
SARS-CoV-2 on vascular endothelial cells, cytokine
storm-mediated inflammation—coagulation cascades,
hypoxia, and complication with sepsis. Coagulation dys-
function or thrombocytopenia is closely associated with
the severity and poor prognosis in COVID-19 patients
[129]. Clinicians should increase awareness of COVID-
19-associated coagulopathy, which in COVID-19 patients
is accompanied with the following abnormal coagula-
tion indexes: platelet—lymphocyte ratio<100 x 10°,
the reduction of prothrombin time (PT) and activated
partial thromboplastin time (APTT) by more than the
lower limit of 99th percentile or the increase of PT by
more than 3 s or APTT by more than 5 s, or the increase
of fibrinogen, fibrin degradation product (FDP) and
D-dimer by more than the lower limit of 99th percentile
without clinical evidence of primary blood system dis-
eases or chronic liver diseases.

Statement 33 Routinely assessing the coagulation dys-
function on admission and dynamically monitored there-
after should probably be performed to identify COVID-
19-associated coagulopathy as early as possible (Grade
2+, weak recommendation).
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Rationale According to the available literature, the
condition of COVID-19 patients is commonly compli-
cated with coagulopathy, where the symptoms range
from mild disorders of coagulation indicators to DIC.
The increase of D-dimer in COVID-19 patients is very
common, accounting for 36% to 46.4% of all cases [15,
60, 64, 130, 131]. The degree of elevation and persistent
elevation are indicators of poor prognosis. The Nanshan
Zhong team has reported that among 1099 COVID-19
patients in 552 hospitals from 31 provinces (926 mild
cases and 173 severe cases), the proportion of severely ill
patients with D-123dimer higher than 0.5 mg/L was up
to 59.6%, and the proportion for the mild patients was
43.2% [60]. Zhou et al. have demonstrated that among
191 confirmed COVID-19 patients (54 deaths, 171 sur-
vival), D-dimer>1.0 g/L was an independent risk factor
for clinicians to identify patients with poor prognosis at
the early stage [130]. The coagulation parameters (PT
and APTT) in COVID-19 patients vary with different
severity and the different courses of the disease. COVID-
19 patients in the early stage show the activation of the
exogenous coagulation system, manifested as decreased
PT and hypercoagulable state. Along with the progres-
sion of the disease, especially when patients develop DIC,
PT and APTT significantly increase, which is associated
with the poor prognosis of patients. Tang has reported
increased fibrinogen (5.16 g/L vs. 4.51 g/L, P=0.149) and
FDP values (7.6 pg/mL vs. 4 pg/mL, P<0.001) in COVID-
19 patients [131], which indicated that instead of hyper-
fibrinolysis observed in the late stage of DIC, fibrinolysis
inhibition is the main feature accompanying the progres-
sion of COVID-19. The autopsies of COVID-19 patients
have revealed abundant transparent thrombus in the
pulmonary alveoli, myocardium, portal area, and renal
tubular epithelial cells, thus indicating that fibrinolysis
inhibition may have a decisive role in COVID-19-associ-
ated coagulation dysfunction.

The incidence of DIC is low in COVID-19 patients.
It has been reported that among the 1099 COVID-19
patients, only 1 patient (0.1%) was diagnosed as DIC [60].
However, Tang’s report has shown that the overall inci-
dence of DIC is 8.74%. The existence of DIC was more
common in fatal cases, where 71.4% met the ISTH diag-
nostic criteria for DIC; the median time for DIC diag-
nosis after admission was 4 days, whereas among the
patients who survived, only 1 patient (0.6%) met this cri-
terion [131].

Medical institutes should dynamically detect the PT,
international normalized ratio (INR), APTT, D-dimer,
fibrinogen, and FDP to identify COVID-19-associated
coagulation disorders, which might be helpful for mak-
ing timely treatment decisions. It is also suggested to use
the ISTH score system to diagnose COVID-19-associated
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DIC [132]; if possible, SF and PAI-1 should be used to
detect the pre-DIC status in the shortest possible time.

Statement 34 Routinely evaluating the risk of venous
thromboembolism (VTE) and hemorrhage should prob-
ably be performed in COVID-19 patients. For critically
ill COVID-19 patients with low hemorrhage risk, sub-
cutaneous injection of low molecular weight heparin
(LMWH) should probably be used for preventing VTE
(Grade 2+, weak recommendation).

Rationale The most common clinical features of coag-
ulopathy in COVID-19 patients are thrombosis in the
deep vein or intermuscular vein of the lower extremity,
which can be identified by the coagulation parameters
and ultrasonic monitoring. It has been reported that
the incidence of VTE or thrombotic complications in
patients with severe COVID-19 admitted in the ICU was
25-31% [133, 134]. It is necessary to pay attention to the
clinical observation of patients with bed rest lasting for
more than 3 days and observe whether these patients are
experiencing asymmetric pain, swelling or discomfort in
unilateral lower limbs or bilateral lower limbs, or local
swelling or superficial vein filling in the lateral limbs.
Especially when patients show chest pain, hemoptysis,
dyspnea, or hypoxemia, which cannot be explained by
NCP or other basal diseases, we should be alert to the
occurrence of pulmonary thromboembolism.

For critically ill COVID-19 patients with low hemor-
rhage risk, a subcutaneous injection of LMWH should
probably be used for the prevention of VTE. For patients
with severe renal dysfunction (creatinine clearance
rate<30 mL/min), unfractionated heparin is recom-
mended. For critically ill patients whose condition is
complicated with high hemorrhage risk, intermittent
pneumatic compression is recommended for mechanical
prevention. Mild or moderate COVID-19 patients should
probably avoid sedentary lifestyle or dehydration and are
encouraged to engage in active activities and to drink
more water appropriately. For mild or moderate COVID-
19 patients with a high or moderately high risk of VTE
according to the Padua or Caprini evaluation model, it
should probably be considered to use LMWH for 7 to
10 days until the elimination of risk factors.

Statement 35 Anticoagulation therapy should probably
be used for patients with hypercoagulant state without
bleeding risk. LMWH or unfractionated heparin should
probably be considered to be the first choice (Grade 2+,
weak recommendation).

Rationale Hypercoagulant state is common in COVID-
19 patients. Meantime, cytokine storm-mediated
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inflammation—coagulation cascades may have an essen-
tial role in COVID-19-associated coagulopathy. Studies
have found that in addition to the anticoagulant effect,
heparin also has a certain anti-inflammatory effect [135].
Therefore, LMWH or unfractionated heparin is the first
choice for anticoagulation: Tang et al. have reported that
LMWH or unfractionated heparin anticoagulation was
associated with improved survival in the patients with a
sepsis-induced coagulopathy (SIC) score >4 and in those
with D-dimer levels more than 6 times of the upper limit
of normal(>3 mg/L) [136]. It is suggested that LMWH
100 U/kg or unfractionated heparin 5000 units subcu-
taneously twice daily could be given to patients with-
out contraindication once D-dimer >3 mg/L or SIC> 4.
Heparin-induced thrombocytopenia (HIT) should be
prevented during heparin treatment, and platelet count-
ing should be monitored daily. For patients with HIT,
other anticoagulants, such as agatraban, bevaludine, fon-
daparinux, and rivaroxaban, could be used. For patients
at high risk of bleeding, anticoagulants are not recom-
mend, and Chinese traditional medicine could be used to
improve blood circulation and dispersing stasis.

Diagnosis and treatment of COVID-19-associated AKI
Although diffuse alveolar damage and ARDS are the
main features of COVID-19, the involvement of the kid-
ney and other organs needs to be considered. AKI was
associated with a higher risk of in-hospital mortality. Cli-
nicians should increase awareness of AKI in hospitalized
COVID-19 patients.

Statement 36 Kidney disease: Improving Global Out-
comes (KDIGO) criteria should probably be used for
the diagnosis of AKI in COVID-19 patients. Measuring
serum creatinine every 2 days should probably be per-
formed to avoid a missed diagnosis of AKI (Grade 2+,
weak recommendation).

Rationale The incidence of AKI in COVID-19 patients
varies with different severity of illness: mild cases have an
AKI incidence of 0.1-2%, severe cases have an AKI inci-
dence of 3-3.2%, and the AKI incidence for those critical
cases that require to be admitted in ICU is up to 8.3-29%
5, 15, 64, 137, 138].

According to KDIGO AKI diagnostic criteria, certi-
fying AKI is mainly based on changes in sCr, and the
frequency of sCr tests has a substantial impact on the
detection rate of AKI In a nationwide cross-sectional
survey of hospitalized adult patients in China, the detec-
tion rate of AKI was only 0.99% by KDIGO criteria [139].
After adjusting for the frequency of sCr, the incidence of
AKI in Chinese hospitalized adults rose to 11.6% [140].
Thus, in order to improve early recognition of AKI, sCr
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measurements should be performed more frequently
throughout the course of the disease. It is necessary to
measure sCr every 2 days throughout the course of the
disease to avoid a missed diagnosis of AKL

Statement 37 The experts suggest using standard AKI
care bundle (5R principle) for COVID-19-associated AKI
(expert opinion).

Rationale The exact pathogenesis of COVID-19 associ-
ated AKI is unclear. The etiology of kidney impairment
in COVID-19 patients, which is likely to be diverse and
multifactorial, may include direct attack by the SARS-
CoV-2 on target cells in the kidney, immune system-
mediated damage, disease-related prerenal factors, a
complication with sepsis and nephrotoxic drug-related
factors [137, 141]. COVID-19 associated AKI is an
independent risk factor for poor prognosis in patients.
Clinicians should address standard AKI following 5R
principle (Risk screen, Recognition in the early phase,
Response in time, Renal replacement therapy, and reha-
bilitation of the kidney). AKI is significantly more likely
to develop in severe COVID-19 patients than in non-
severe patients [5, 15, 64, 137, 138]. Meanwhile, studies
have shown that patients with elevated baseline sCr are
more likely to develop AKI and develop more severe AKI
[137]. Therefore, we should routinely screen the risk of
AKI in COVID -19 patients, particularly for severe cases,
patients with elevated baseline sCr or those having pro-
teinuria and hematuria at admission. Optimizing the vol-
ume status and oxygenation, maintaining hemodynamic
stability, making sure the mean blood pressure above
65 mmHg are the important measures for prevention and
treatment of AKI.

Statement 38 The experts suggest using CRRT for the
critical cases accompanied by KIDGO AKI 2-3 stages, or
cytokine storm syndrome (expert opinion).

Rationale According to the available literature [5, 15,
64, 137, 138], the percentage of COVID-19 patients who
require continuous renal replacement therapy (CRRT)
is 1.5-9%, and particularly the percentage of critical
patients admitted in ICU that requires CRRT is 5.6—
23.0%. Indications of the CRRT in COVID-19 patients
include renal indications and non-renal indications.
Renal indications include severe AKI (KIDGO AKI 2-3
stages) with hemodynamic instability. Non-renal indica-
tions include complications with severe ARDS and per-
sistent inflammatory fever, which cannot be controlled
not even with glucocorticoid corticosteroid therapy,
hypernatremia refractory to conservative medical treat-
ment, volume overload or urine output, which cannot
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meet the needs of drug infusion and energy supply and
diuretic resistance.

Multiple RCT research has indicated that the applica-
tion of CRRT in critical patients in an early phase can-
not effectively decrease the mortality rates [142, 143].
However, considering the suggestion that restrictive
fluid volume management strategy should be adopted for
COVID-19 patients complicated by ARDS based on the
premise of sufficient tissue perfusion, we suggest CRRT
initiation in severe patients within 24 h when they show
rank 2 AKI under KDIGO criteria or accompanied with
cytokine storm syndrome. In clinical practice, the doc-
tors in charge should comprehensively evaluate condi-
tions including the COVID-19 patient’s level of systemic
inflammation, severity and progress of illness, severity,
and progress of AKI, local medical resources, and the
qualification of blood purification operators to give a rea-
sonable choice of CRRT application.

Statement 39 CRRT prescription is suggested to be
target-oriented based on the patient’s condition (expert
opinion).

Rational CRRT prescription should be prescribed
before the application of CRRT on patients, and the
prescription must be target-oriented. Continuous veno-
venous hemofiltration (CVVH)\continuous veno-venous
hemodiafiltration (CVVHDF) is the common CRRT
mode to resolve severe disturbance of electrolyte and
acid—base balance and correcting azotemia, while slow
continuous ultrafiltration (SCUF) could be adapted for
fluid overload alone.

A high proportion of critical COVID-19 patients show
hypercoagulable state. Reports show that for COVID-19
patients, their APTT and PT are shortened by 16% and
30%, respectively, and 36% of patients show an increase
of D-dimer concentration [131]. The autopsy pathol-
ogy of COVID-19 patients displayed lots of transparent
thrombus in the pulmonary alveoli, myocardium, portal
area, and renal tubular epithelial cells [63]. So antico-
agulation treatment with heparin should be applied with
priority for patients with no or low risk of bleeding. For
critical patients with active bleeding or with a high risk
of bleeding, we suggest regional citrate anticoagulation
(RCA) or anticoagulation without heparin. As ECMO
uses systemic heparinization, no independent usage of
anticoagulant is required in CRRT combined with ECMO
treatment [144].

Nutritional support therapy in severe and critically ill
adult patients with COVID-19

COVID-19 patients may present with fever, fatigue,
and dry cough. Critical patients often develop dysp-
nea and/or hypoxemia after 1 week, and, later on, may
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develop acute respiratory distress syndrome, shock, etc.
[6]. These patients are believed to suffer from malnu-
trition, which is linked to three different factors [145]:
(1) a severe catabolic state with marked proteolysis and
loss of lean body mass because of stress and inflam-
mation. As the need for energy and protein increases,
negative nitrogen balance often occurs. (2) In severe
COVID-19 patients, the gastrointestinal function is
impaired due to hypoxia and novel coronavirus infec-
tion. Clinically, some patients suffered from anorexia
and diarrhea due to virus attack, antiviral drugs such as
lopinavir/ritonavir, and anti-infective drugs. (3) Some
patients receiving noninvasive mechanical ventilation
are at risk of enteral nutritional intolerance and aspi-
ration for severe abdominal distension and increased
intra-abdominal pressure through ventilation. There-
fore, severe and critically ill COVID-19 patients are
often at high nutritional risks, particularly those with
underlying diseases and the elderly or who were hospi-
talized in ICU for more than 48 h [145].

Statement 40 The experts suggest dynamically assess-
ing the nutritional risks of COVID-19 patients and pro-
viding timely nutritional support (expert opinion).

Rationale One of the metabolic characteristics of
COVID-19 patients is increased proteolysis and change
in the amino acid spectrum. Clinical tests showed that
the levels of branched-chain amino acids are decreased,
and the serum pre-albumin level is often <100 mg/L (is
some cases even lower than 70 mg/L, or<50 mg/L).
NRS 2002 or the modified NUTRIC scoring tool [146]
has been recommended for these patients; NRS 2002
score > 3 indicates malnutrition risk, and nutrition inter-
vention is required. For patients with high malnutri-
tion risk who have an NRS2002 score>5 or a modified
NUTRIC score>5 (without considering IL-6), nutri-
tional therapy should be prescribed as soon as possible.
For patients admitted to the ICU for more than 48 h, a
nutritional risk assessment should be initiated as quickly
as possible.

Statement 41 Early nutrition therapy within 24-48 h
after admission and preferential use of enteral nutri-
tion should probably be considered (Grade 2+, weak
recommendation).

Rationale A meta-analyses [147] showed that a moder-
ately hypocaloric (enteral) diet (provisioning of 50-70%
of the calorie target) was superior to a severely hypoca-
loric diet (provisioning of about 30% of the calorie target).
When analyzing the magnitude of calorie intake (severely
vs. moderately hypocaloric), three meta-analyses
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suggested that a severely hypocaloric diet may be harm-
ful in the acute phase.

Enteral nutrition (EN) is the preferred route of feeding
for critically ill patients who require nutrition support
therapy and cannot normally eat [148, 149].

Society of parenteral and enteral nutrition of China
medical association has recommended five-step method
to implement nutrition therapy for COVID-19 patients:
elemental diet, nutrition education, oral nutritional sup-
plement, tube feeding for EN, supplemental parenteral
nutrition, parenteral nutrition (PN) and total parenteral
nutrition (TPN).

Medical nutrition therapy should be initiated within
the first 24 h after ICU admission in those patients who
are unable to maintain sufficient volitional intake during
the early acute phase of critical illness [148, 150].

Initiate EN within 24—48 h following the onset of criti-
cal illness and admission to the ICU, and increase to
goals over the first week of ICU-stay.

For patients with invasive mechanical ventilation or
receiving ECMO, if there is no contraindication of enteral
nutrition, enteral nutrition is recommended as early as
possible.

Enteral nutrition should be delayed in patients with
severe COVID-19 with shock, severe hypoxia, severe
acidosis, upper gastrointestinal hemorrhage or residual
in stomach>500 mL/6 h, intestinal ischemia, intestinal
obstruction, and abdominal compartment syndrome.

Statement 42 We recommend that the targeted energy
supply is 25-30 kcal/kg/day, and the targeted protein
supplementation is 1.2-2.0 g/kg/day for severe patients
with COVID-19 (Grade 1+, strong recommendation).

Rationale Part of COVID-19 patients show symptoms
like diarrhea. Some severe patients with intestinal dys-
function are prone to enteral nutrition intolerance. For
feeding intolerance, healthy feeding should be considered
(feeding speed: 10-20 kcal/h or 10-30 mL/h). It is recom-
mended to achieve a feeding target as 25-30 kcal/kg/d.
At the same time, it is recommended that protein should
be supplied by 1.5-2.0 g/kg/d (nitrogen 0.25-0.33 g/
kg/d). The supply of branched-chain amino acids should
be increased for promoting protein synthesis. When the
protein intake is insufficient, it is recommended to add
protein powder based on standard protein preparations
to improve respiratory muscle function and immune
function. In parenteral nutrition, the non-protein energy
supply ratio: sugar/fat ratio is 50—70/50-30. Patients with
severe COVID-19 and ARDS should appropriately reduce
the proportion of sugar when selecting the type of enteral
nutrition preparation in order to reduce the produc-
tion of carbon dioxide. At the same time, because strict
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fluid management principles are used in these patients,
it is recommended to choose high-energy-density enteral
nutrition preparations in the early stage to limit excessive
fluid intake.

Statement 43 A reasonable route of nutritional therapy
should probably be chosen according to the severity of
the disease and the method of respiratory support (Grade
2+, weak recommendation).

Rationale Severe COVID-19 patients often have
trouble eating because the gastrointestinal function is
impaired due to hypoxia and novel coronavirus infection.
Therefore intestinal nutrition tube indwelling is should
probably be used for these patients. Most of the patients
with severe COVID-19 are elderly or with other comor-
bidities. The factors that increase the risk of aspiration
are as follows: poor airway protection, aged>70 years
old, decreased level of consciousness, poor oral care, gas-
troesophageal reflux, and lack of nursing manpower due
to the severe outbreak of COVID-19 in China. For these
patients, post-pylorus feeding should be chosen. Jejuna
feeding has shown to be associated with a lower rate of
ventilator-associated pneumonia (<30%) and should
be delivered as a continuous infusion [149]. For those
patients without a high risk of aspiration, the gastric tube
should be used first because it is easy to implement.

On the other hand, for patients using non-invasive ven-
tilation, nasal mask during feeding should probably be
used to reduce the risk of hypoxemia. For those using a
gastric tube, it is recommended to use the “button” mask
because this type of mask is equipped with a gastric tube
outlet without affecting the efficiency of ventilation.
However, if patients with NIV suffer from severe abdomi-
nal distension because of severe flatulence, post-pyloric
feeding should be selected. For those patients using inva-
sive ventilation, gastric tube indwelling is recommended.
However, if patients are under prone position, ventila-
tion, feeding using a jejunal nutrient canal should be
recommended.

Transportation of COVID-19 patient

COVID-19 is a highly contagious, potentially lethal dis-
ease caused by SARS-CoV-2, especially in older patients.
COVID-19 patients from non-designated hospitals,
isolation sites, or fever clinics should be transferred to
designated hospitals for further treatment. Critically
ill patients should be transferred from general wards to
ICU for critical care. COVID-19 patients should also
undergo a CT scan, which requires them to move from
one department to another. Thus, adequate prepara-
tion should be made to ensure the safety of patients and
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transport staff, as well as public health before, during,
and after transportation.

Statement 44 Before transportation, transport staff is
suggested to wear a complete line of personal protective
equipment, and negative pressure isolation ambulances
are suggested (Expert opinion).

Rationale The purpose of transportation of severe
COVID-19 patients to designated hospitals is to seek
better medical treatment in order to improve the prog-
nosis. The transportation of severe patients poses a great
risk to other patients and hospital personnel; the risks of
transportation should be balanced with benefits. When
transferring suspected and confirmed cases, transport
staff should take a full range of appropriate protection
approaches, including wearing biohazard suits, face
shields, N95 respirators, goggles, gloves, and shoe covers,
and ensuring hand hygiene.

The negative pressure isolation ambulance equipped
with negative air pressure and filter system should be
used to make the air pressure inside the car lower than
the external pressure and protect the ambiance from
being contaminated. The negative pressure ambulance
also needs to be equipped with mobile monitoring and
transport equipment (transfer ventilator, defibrillator,
etc.) and rescue medicine, and particularly an adequate
supply of oxygen during transportation.

Statement 45 During transportation, all adequate
measures is suggested to be taken to ensure the safety
of patients and minimum time spent on transportation
(expert opinion).

Rationale Before transportation, the patient’s condition
and necessary preparation (including dedicated route,
elevator, isolated room and bed, medication, equipment,
and staff) should be fully communicated to the doctors
of the receiving department/hospital, and the departure
time and estimated arrival time should also be informed
to reduce the artificial delay in the transportation.

Before transportation, transport staff should familiar-
ize themselves with the process of diagnosis and treat-
ment, fully assess the overall condition of the patients,
and ensure that the ambulance vehicle is in position and
the transportation equipment functions well. Manage-
ment of life-threatening symptoms and assessment of
nasal airway patency should be performed, and an arti-
ficial airway should be established for high-risk patients
in advance.

During transportation, maintenance of sufficient tis-
sue perfusion and a relatively stable internal environment
is necessary. The continuity of original monitoring and
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treatment should be ensured as far as possible. Invasive
arterial blood pressure monitoring is suggested when-
ever possible. In particular, the endotracheal intubation
should be prevented from displacement and falling-off,
and venous access should be prevented from blockage
and slippage. Patients with frequent agitation can be
appropriately administered with analgesic and sedative
drugs. Neuromuscular blockers could be used depending
on the patient’s condition and emergency rescue capabil-
ity. For ECMO patients, the body temperature, ECMO
rotation speed, blood flow rate, and airflow rate should
be monitored to prevent hypothermia and ECMO cath-
eter from discounting during the transportation of an
ECMO patient.

Therefore, all adequate measures should be taken to
ensure the safety of patients and the minimum time spent
in transportation.

Statement 46  Transport staff is suggested to fully carry
out transfer and handover, as well as post-transport
decontamination (expert opinion).

Rationale The patient’s general condition, vital signs,
specific monitoring index, and received treatment, as
well as the emergency and its handling measures, should
be recorded during transportation and forwarded to the
receiving medical team on arrival. Medical records about
patient medical history, laboratory examination results,
and meaningful clinical events should be transferred to
the receiving medical team.

A dedicated team should clean the dedicated route and
elevator right after transport. All transport staff should
wear new personal protective equipment before get-
ting into the same ambulance for the return journey, and
remove the personal protective equipment to the desig-
nated clinical area on arrival. The ambulance should be
terminally cleaned after returning to the primary hospital
or health care center [151]. If transport staff is exposed
to infection, it should be handled in accordance with the
relevant principles and practice of infectious diseases.

Summary

Until now, the pathogenesis and etiology of COVID-19
remain unclear, and there are still no targeted therapies
for COVID-19 patients except for empirically symp-
tomatic treatments for critically ill patients. Scientists
worldwide should work together and struggle to seek effi-
cacious COVID-19 treatments.
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