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Accumulated Clinical Experiences from Successful Treatment of 1377
Severe and Critically Il COVID-19 Cases”
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Summary: In late December 2019, COVID-19 was firstly recognized in Wuhan, China and
spread rapidly to all of the provinces of China. The West Campus of Wuhan Union Hospital, the
designated hospital to admit and treat the severe and critically ill COVID-19 cases, has treated a
large number of such patients with great success and obtained lots of valuable experiences based
on the Chinese guideline (V7.0). To standardize and share the treatment procedures of severe
and critically ill cases, Wuhan Union Hospital has established a working group and formulated
an operational recommendation, including the monitoring, early warning indicators, and several
treatment principles for severe and critically ill cases. The treatment experiences may provide some
constructive suggestions for treating the severe and critically ill COVID-19 cases all over the world.
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An ongoing outbreak of pneumonia caused by
the 2019 novel coronavirus (2019-nCoV) has been
recently recognized as a newly emerging infectious
disease. 2019-nCov is highly contagious, and it has a
significant morbidity and 2%—4% mortality ratel' 2.
2019-nCoV disease (COVID-19) was first identified
in Wuhan, China in late December 2019, and it
subsequently spread rapidly to all of the provinces
in Chinal". The 2019-nCoV belongs to a novel type
of B genus coronavirus that shares 79.5% sequence
identity to severe acute respiratory syndrome-related
coronaviruses (SARS-CoV)Bl. It mainly, but not
exclusively, attacks the human respiratory system in
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severe and critically ill cases™. Among the infected
patients, about 14% were severe and 5% were critically
ill™ who were commonly accompanied by cellular
immune deficiency, coagulation activation, cytokine
storm, myocardia injury, hepatic injury, and kidney
injury. According to minimally invasive autopsies,
we learned that the lungs from COVID-19 patients
manifest significant pathological lesions and the injury
also involves damage to the heart, vessels, liver, kidney,
and other organs®!.

Chinese health institutions enacted immediate
measures to control the disease, including isolation
of suspected people, close monitoring of contacts,
collection of epidemiological and clinical data, and
development of diagnostic and treatment procedures.
The West Campus of Wuhan Union Hospital, as one of
the three designated hospitals appointed by the National
Health Commission of China to admit and treat the
severe and critically ill COVID-19 cases, has recruited
the largest number of these patients. As of April 1,
2020, 1638 patients who were considered to be severe
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and critically ill COVID-19 have been treated, and
1377 of these patients were cured and discharged, 167
patients died, and 94 patients are currently undergoing
treatment. Most of the patients have been cured and
the spread has been well controlled, indicating the
effectiveness of our management and treatment.

Currently, the pandemic in other countries is still
serious, which has prompted international concern of
the global public-health impact. To standardize and
share the treatment procedures, Wuhan Union Hospital
has established a working group and formulated the
following operational recommendations for treating
severe and critically ill patients. The manuscript is
based on the Chinese guideline (V7.0)!” and previous
experiences accumulated from the isolation ward over
the past two months.

1 ESTABLISHMENT OF BASELINE DISEASE
DATA ON ADMISSION

1.1 Disease History Collection

Upon admission, all of the disease data from the
patients should be accurately collected. This serves as
a starting point for observation and disease evolution.
The data collected include epidemiological history,
clinical manifestations, as well as the collection,
collation, and recording of diagnosis and treatment
data in other medical institutions. The severe and
critically ill patients should be diagnosed according
to the guidelines of the National Health Commission
of China (V7.0)[".. All of the data should be collected
during treatment, and a flowchart should be established
to depict and predict disease evolution.

1.2 Auxiliary Examinations

On admission, patients are required to complete
the following tests:

1) Complete blood count, lymphocyte subsets;

2) C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR), procalcitonin (PCT), and inf-
lammatory cytokines (including IL-6, IL-10, and
TNF-a);

3) Liver and kidney function and electrolytes;

4) Disseminated intravascular coagulation (DIC)
screening (including coagulation function and D-dimer);

5) Blood gas analysis;

6) Chest X-ray or CT scan;

7) Others: troponin, cardiac enzymes, B-type
natriuretic peptide, lactate dehydrogenase (LDH),
creatine kinase, and myoglobin.

It is recommended that the severe patients should
be monitored every three days, and critically ill patients
should be monitored daily for the above examinations
except for radiographic images. The evolution curve
can be generated through a data management program.
1.3 Detection of Pathogens

1) 2019-nCoV detection: 2019-nCoV nucleic acid

can be detected in nasopharyngeal swabs, sputum,
lower respiratory tract secretions, blood, feces, and
other specimens utilizing RT-PCR or NGS methods.
The accuracy of RNA 2019-nCoV detection is as
follows: alveolar lavage fluid >sputum >nasal swab
>throat swab. 2019-nCoV-specific IgM becomes
detectable via serological tests at 3—5 days post-onset,
and an IgG-positive test indicates previous infection
and convalescence. The combined detection of viral
RNA and serology in COVID-19 patients can improve
the sensitivity and specificity of diagnosis.

2) Secondary bacterial and fungal pathogenic
examination: Severe and critically ill patients with
COVID-19 are susceptible to bacterial and fungal
infections, and clinical microbiological test should be
monitored.

3) Metagenomic sequencing (mMNGS): mNGS has
obvious advantages of comprehensive detection, high
accuracy, high sensitivity, and fast identification over
RT-PCR, which not only significantly improved the
detection efficiency of 2019-nCoV, but also improved
the detection efficiency of co-infection and secondary
infection of severe and critically ill COVID-19 patients.

4) Sampling, transportation, and testing involving
pathogenic inspections must meet biosafety requirements.
1.4 Comorbidities and Complications Monitoring

1) Most of the patients belonging to the severe
and critically ill type of COVID-19 are relatively older
and generally have a variety of comorbidities. These
pathophysiological factors have a great impact on the
diagnosis, treatment, and prognosis of COVID-19,
which should be noted and monitored;

2) 2019-nCoV affects multiple organs other
than the respiratory system, including cardiovascular
system, gastrointestinal system, blood, immunity, etc.
The appropriate examinations should be carried out
when necessary;

3) No specific drugs have yet been produced.
Although several types of clinically therapeutic drugs
have been tried, the interactions between drugs and
drug damage are not clear and should be taken into
consideration. The clinical pharmacy-related tests are
required when necessary.

2 CLINICAL EARLY WARNING INDICATORS
OF SEVERE AND CRITICALLY ILL CASES

Previous experiences have revealed that some
COVID-19 cases can progress and deteriorate from
moderate or severe, or to severe or critically ill in a
short period of time. The cases with the following
indicators are likely to deteriorate to severe or critically
ill status. Early warning and treatment will be of great
importance to reduce mortality.

1) Age >65 years old, CRP>20 mg/L, lymphocyte
count <800/uL, eosinophil deficiency (<100/uL),
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pulmonary consolidation involving the inner band,
abnormal DIC screening, etc. may be independent
prognostic factors which can be regarded as early
warning indicators of deterioration' > 8. For the
patients with any three of the above indicators, the
first-aid treatment should be carried out as soon as
possible to reduce the risk of mortality.

2) Elevated neutrophils, normal or declined
lymphocytes and with or without the eosinophils
decline, in addition to indicating a bacterial infection,
also predict a poor prognosis.

3) Patients with age >65 years and accompanied by
serious underlying diseases (including structural lung
disease, coronary heart disease, critical hypertension,
rheumatic immune disease, neoplastic disease, other
infectious diseases, etc.), immunosuppressive treatment,
organ transplantation, blood purification or chemoth-
erapy are recommended to be treated as severe type.

4) Patients with age >75 years and accompanied
by any organ dysfunction or uncontrolled serious
underlying diseases are recommended to be treated as
critically 1ll type.

5) Patients who have been treated for more than
a week but without achieving significant improvement
should be paid more attention to, and clinical
monitoring and examinations should be strengthened.
In case of exacerbation, empirical proactive treatment
should be immediately implemented according to the
treatment guideline of severe patients.

3 PRINCIPLES FOR TREATING THE SEVERE
AND CRITICALLY ILL CASES

3.1 Basic Treatment

1) Let patients rest in bed and strengthen nutri-
tional support therapy;

2) Maintain water, electrolyte, and acid-base balance;

3) Energy mixture, ATP, or CoA can be used for
anti-hypoxia treatment;

4) Underlying diseases should be treated;

5) Measures should be taken to prevent secondary
infection;

6) Prevent and treat complications, including:
cardiac injury, cardiogenic shock, myocarditis, venous
thrombosis (VTE), DIC, ventilator-induced dysfun-
ction, and multi-functional organ failure;

7) Treat the cytokine storm.

3.2 Antiviral Therapy

Numerous randomized controlled trials (RCTs)
have been conducted to evaluate the efficacy of
antiviral drugs towards 2019-nCoV. Lopinavir can
inhibit the protease activity of coronavirus, which has
been used to control the SARS and MERS outbreaks
and was recommended by Chinese guidelines to treat
COVID-19, but it was recently reported that no benefit
was observed with lopinavir-ritonavir treatment beyond

standard care in a randomized, controlled, open-label
trial®!. Chloroquine phosphate and hydroxychloroquine
that are reported to be potential broad-spectrum
antiviral drugs with immunomodulatory effects, have
been recommended to treat COVID-19 (500 mg for
7 days for adults aged 18—65 with body weight over
50 kg; 500 mg for days 1 and 2, and 500 mg for days
3-7 for adults with body weight below 50 kg), but the
evidence on the benefits and harms is very weak!'”; and
recently FDA has revoked emergency use authorization
for chloroquine and hydroxychloroquine. Arbidol,
a broad-spectrum antiviral drug, has also been under
several clinical trials to evaluate the treatment efficacy
towards COVID-19 in combination with lopinavit/
ritonavir, chloroquine phosphate, etc.!'": 2, Remdesivir
belongs to the adenine nucleotide analogue antiviral
drug, and has exhibited in vitro activity against Ebola
virus and 2019-nCoV. However, the in-vivo Kkilling
ability toward 2019-nCoV in Remdesivir Clinical
Trials was conflicting without statistically significant
clinical benefits!'* I, Since there were no specific anti-
2019-nCoV drugs so far, the treatment of COVID-19
was still under clinical trials; and we need to pay
more attention to adverse reactions, contraindications
and interactions of the above-mentioned drugs. If an
intolerable toxic side effect occurs, the respective drug
should be discontinued.

3.3 Oxygen Therapy and Respiratory Support

3.3.1 High-flow Nasal-catheter Oxygenation (HFNC)

HFNC is suitable for patients with hypoxemia and

oxygenation index (PaO,/FiO,)) in 200-300 mmHg.
During the implementation of HFNC treatment,
the symptoms and signs of the patients should be
closely monitored and evaluated every 20-30 min.
The following conditions indicate failure of HFNC
treatment, and alternative respiratory support therapy
should be added: (1) Hypoxemia cannot be improved
(SPO, <93%); (2) Respiratory frequency (RR =35
beats/min); (3) Significantly hard respiration.
3.3.2 Non-invasive Ventilator (NIV) NIV is suitable
for patients with hypoxemia and PaO_/FiO, in 150-200
mmHg. During the implementation of NIV treatment,
the symptoms and signs of the patients should be
closely monitored and evaluated every 20-30 min. The
following situations indicate failure of NIV treatment,
and alternative respiratory support therapy should be
added in time: (1) Hypoxemia cannot be improved
(SPO, <93%); (2) RR =35 beats/min; (3) Excessive
tidal volume; (4) Excessive negative inspiratory
pressure; (5) Unstable circulation and abnormal tissue
perfusion.

Invasive mechanical ventilation (IMV) is
suitable for patients with hypoxemia and PaO,/FiO,
<150 mmHg. Based on lung protective ventilation
strategy!™, the IMV treatment requires repeated
monitoring of the lung recruitment maneuver potential.
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The medical staff should use the PEEP strategy to
restore the lung potential, and closely observe the
oxygenation index, pressure of carbon dioxide, right
heart enlargement, and pulmonary barotrauma. Prone
position ventilation is recommended. Patients who
have reached the following conditions can withdraw
mechanical ventilation: PaO,/FiO, maintains >200
mmHg, the primary disease is improved, the patient is
conscious, and the patient’s circulation is stable.

3.3.3 Extracorporeal Membrane Oxygenation (EC-
MO) Indications of ECMO therapy are as follows:
Pa0,/Fi0, <50 mmHg for more than 3 h; (2) PaO/FiO,
<80 mmHg for more than 6 h; (3) FiO, 1.0, PaO_/FiO,
<100 mmHg; (4) Arterial blood pH <7.25 and PaCO,
>60 mmHg more than 6 h, or related complications
caused by carbon dioxide retention: severe internal
environment disorder and right heart failure; (5)When
the respiratory rate >35 per min, the arterial blood pH
<7.2 and the airway platform pressure >30 cmH,O; (6)
Combined with cardiogenic shock or cardiac arrest.

The contraindications of ECMO therapy are
as follows: Combined with irrecoverable primary
diseases, anticoagulant contraindications, ventilation
for more than 7 days under a higher mechanical
ventilation setting (FiO, >0.9, airway platform
pressure >30 ¢cmH,0), age >70 years old, the use of
immunosuppression, and the presence of peripheral
vascular anatomical malformations or vascular lesions.
3.4 Rational Use of Antibiotics

1) Avoid blind or inappropriate use of antibiotics
if there is no clear evidence of bacterial infection;

2) For severe and critical cases with a course
of disease >7 days, surveillance of pathogens related
to secondary bacterial or fungal infection should be
effectively carried out;

3) Bacterial infection should be suspected and
confirmed according to body temperature, white blood
cell count (WBC), neutrophil percentage, pulmonary
imaging, oxygenation function, and pathogen exam-
ination. The third-generation cephalosporin/enzyme
inhibitor complex can be empirically used;

4) When septic shock occurs in severe and
critically ill patients, carbapenem drugs can be used
instead. If enterococcal and staphylococcal infections
are considered, glycopeptide drugs (vancomycin) can
be added for empirical treatment;

5) Enhanced attention should be paid to catheter-
related infections. Empirical antibiotic treatment
should cover methicillin-resistant staphylococci with
the use of glycopeptide drugs (vancomycin);

6) Some patients often have secondary aspergi-
llosis infection in the later stages of critical illness.
Voriconazole can be used, but the combination of two
antifungal drugs is not recommended;

3.5 Prophylactic Anticoagulant Therapy
1) Severe and critically ill COVID-19 patients

have a higher risk of DIC and VTE. Coagulation
and bleeding should be closely monitored during
treatment. Unless there is significant bleeding or a
coagulation disease, low-molecular-weight heparin
is recommended for the vast majority of critically ill
patients.

2) When DIC occurs and there is no significant
hyperfibrinolysis, a therapeutic dose of low-molecular-
weight heparin can be added, but simultaneous
replacement therapy, including platelet transfusion,
and/or fresh plasma should be supplemented to
replenish coagulation factors; hematologists should be
invited to consult as soon as possible;

3) The risk of VTE in severe and critically ill
patients should be regularly assessed according to
the Caprini Risk Assessment Model: when the score
>3, drug prevention and physical prevention are
recommended. Encourage patients to exercise at an
early stage and invite a vascular surgeon to consult
when VTE is suspected.

3.6 Convalescent Plasma Treatment

The 2019-nCoV-specific antibodies in the plasma
of COVID-19 convalescent patients have a certain
therapeutic effect on COVID-19 patients via reducing
2019-nCoV content. Convalescent plasma treatment
can be used for severe patients >18 years of age, and
only for the certain critical patients with mechanical
ventilation <48 h and heart, liver, and kidney functions
still being in a compensatory state.

3.7 IL-6 Monoclonal Antibody Treatment

Cytokine release syndrome (CRS), which is
closely associated with the increased level of IL-6, is
an important cause of death in critically ill patients with
COVID-19. It is speculated that the IL-6 monoclonal
antibody (Tocilizumab) can inhibit the intensity of the
cytokine storm and play a certain therapeutic role. IL-6
monoclonal antibody therapy is suitable for severe
patients >18 years of age without severe comorbidities,
and forbidden for patients with active infections, such
as tuberculosis.

3.8 Glucocorticoids Treatment

Recently, there are reports supporting that dexa-
methasone can reduce death rate of the hospitalized
patients with severe respiratory complications of
COVID-1916 171 Patients with progressive deterioration
of oxygenation indicators, rapid progress in imaging,
excessive activation of the body’s inflammatory
response, and without contraindications can use conv-
entional doses of glucocorticoids in a short period of
time (3—5 days).

3.9 Other Recommended Treatments

There is no medical evidence to support the
application of drugs such as human immunoglobulin,
thymosin, and intestinal microecological regulators to
improve the prognosis of severe COVID-19 patients.
They are recommended as supplemental therapeutic
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measures.
3.10 Traditional Chinese Medicine

COVID-19 belongs to the category of traditional
Chinese medicine plagues. Dialectical treatment based
on factors, such as seasonal and geographical aspects,
has played an important role in the prevention and
control of the COVID-19 epidemic in China from
2019 to 2020. According to the different local climate
characteristic and individual state of illness and
physical conditions, Chinese medicine prescriptions
and Western medicines can be used alone or in
combination.
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