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Abstract:Severe/critical cases account for 18%—20% of allV@PR19 patients, but their
mortality rate can be up to 61.5%. Furthermoredatieased patients were severe/critical cases.
The main reasons for the high mortality of seveiti¢al patients are advanced age (>60 years old)
and combined underlying diseases. Elderly patigvita comorbidities show decreased organ
function and low compensation for damage such asstig and inflammation, which accelerates
disease progression.The lung is the main targednoegtacked by SARS-CoV-2while immune
organs, liver, blood vessels and other organs ameaged to varying degrees. Livervolume is
increased, and mild active inflammation and foadrosis are observed in the portal area.Virus
particles have also been detectedin liver cellsr&iore, multidisciplinary teams (MDT) and
individualized treatment plans, accurate predictibdisease progression and timely interventions

are vital to effectively reduce mortality. Spediily, a “multidisciplinary three-dimensional



management, individualized comprehensive plan” Ehdwe implemented. The treatment plan

complies with three principles, namely, multididcipry management of patients, individualized

diagnosis and treatment plans, and timely monigoand intervention of disease. MDT members

are mainly physicians from critical medicine, irtfen and respiratory disciplines, but also include

cardiovascular, kidney, endocrine, digestion, nemmtrition, rehabilitation, psychology and

specialty care. According to a patient’s specifeedse condition, an individualized diagnosis and

treatment plan is formulated (one plan for oneque}i While selecting individualized antiviral,

anti-inflammatory and immunomodulatory treatmenig walso strengthen nutritional support,

psychological intervention, comprehensive rehattih and timely and full-course intervention

to develop overall and special nursing plans. spoase to the rapid progression of severe/critical

patients, MDT members need to establish a threemkional management model with close

observation and timely evaluation. The MDT shouldkenrounds of the quarantine wards both

morning and night, and of critical patient wardghtly, to implement “round-the-clock rounds

management”, to accurately predict disease pragresgerform quick intervention and prevent

rapid deterioration of the patient. Our MDT has alatively treated 77 severe/critical COVID-19

cases, including 62 severe cases (62/77, 80.5%)1&nckitical cases (15/77, 19.5%), with an

average age of 63.8 years. Fifty-three cases pmxbewith more than one underlying disease

(53/77, 68.8%) and 65 severe cases recovered frOMI@-19. The average hospital stay of

severe/critical cases was 22 days, and the mgrtaie was 2.6% (2/77), both of which were

significantly lower than the 30—40 days and 49.0%5%, respectively, reported in the literature.

Therefore, a multidisciplinary, three-dimensionadaindividualized comprehensive treatment

plan can effectively reduce the mortality rate eV¥ere/critical COVID-19 and improve the cure



rate.

Keywords: SARS-CoV-2 novel coronavirus disease Z@OVID-19); severe COVID-19; critical

COVID-19; treatment; plan
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ABSTRACT

Severe/critical cases account for 18-20% of allehaxoronavirus disease 2019
(COVID-19) patients, but their mortality rate cae bp to 61.5%. Furthermore, all
deceased patients were severe/critical cases. alve neasons for the high mortality
of severe/critical patients are advanced age (c#0syold) and combined underlying
diseases. Elderly patients with comorbidities shimereased organ function and low

compensation for damage such as hypoxia and infitrom which accelerates
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disease progression. The lung is the main targganoattacked by severe acute
respiratory syndrome coronavirus (SARS-CoV-2) winlenune organs, liver, blood
vessels and other organs are damaged to varyingeted_iver volume is increased,
and mild active inflammation and focal necrosis @vserved in the portal area. Virus
particles have also been detected in liver cellseré@fore, multidisciplinary teams
(MDTs) and individualized treatment plans, accugatliction of disease progression
and timely interventions are vital to effectivelgduce mortality. Specifically, a
“multidisciplinary three-dimensional managementdiwdualized comprehensive
plan” should be implemented. The treatment plan gi@m®s with three principles,
namely, multidisciplinary management of patientsdividualized diagnosis and
treatment plans, and timely monitoring and intetien of disease. MDT members
are mainly physicians from critical medicine, irtiea and respiratory disciplines, but
also include cardiovascular, kidney, endocrine, eslign, nerve, nutrition,
rehabilitation, psychology and specialty care. Adamy to a patient’s specific disease
condition, an individualized diagnosis and treattr@an is formulated (one plan for
one patient). While selecting individualized antj anti-inflammatory and
immunomodulatory treatment, we also strengthenitiartal support, psychological
intervention, comprehensive rehabilitation and tyrend full-course intervention to
develop overall and special nursing plans. In raspato the rapid progression of
severe/critical patients, MDT members need to dstaba three-dimensional
management model with close observation and tireetuation. The MDT should

make rounds of the quarantine wards both mornirtgraght, and of critical patient



wards nightly, to implement “round-the-clock roundsnagement”, to accurately
predict disease progression, perform the quick nmetgion and prevent rapid
deterioration of the patient. Our MDT has cumulelyvtreated 77 severe/critical
COVID-19 cases, including 62 (80.5%) severe casels1d (19.5%) critical cases,
with an average age of 63.8 years. Fifty-three8%8.cases presented with more than
one underlying disease and 65 (84.4%) severe casegered from COVID-19. The
average hospital stay of severe/critical cases2fadays, and the mortality rate was
2.6%, both of which were significantly lower tharet30—-40 days and 49.0-61.5%,
respectively, reported in the literature. Therefora multidisciplinary,
three-dimensional and individualized comprehensireatment plan can effectively

reduce the mortality rate of severe/critical COVIB-and improve the cure rate.
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1. Introduction

As of 3 April 2020, 1,014,868 people in more thd&® Zountries around the world



have been diagnosed with novel coronavirus dis2@$e (COVID-19) caused by the
severe acute respiratory syndrome coronavirus (SEB%2), with a total of 52,981
deaths. The COVID-19 epidemic was declared a glgaeldemic by the World
Health Organization. Among COVID-19 patients, noldfinary cases account for
80.9%, while severe/critical cases account for %48.with a mortality rate as high as
49.0-61.59:  Therefore, it is crucial to strengthen the treatmaf severe/critical
patients to enhance the clinical cure rate and cedwortality. Because of the
difficulties in the clinical treatment of severafimal COVID-19 patients, and
consistent with thélational Recommendations for Diagnosis and Treatment of Novel
Coronavirus-Infected Pneumonia (Trial Edition 7) and Diagnosis and Treatment of
Severe/Critical Novel Coronavirus Disease 2019 (COVID-19) (Trial Edition 3) issued
by the National Health Commission of Chitth, we have summarized
“multidisciplinary, three-dimensional and individizzd comprehensive treatment”
for severe/critical patients in combination withrawn experiences of diagnosis and
treatment. This treatment approach has achieved gfects and significantly
reduced the mortality rate while greatly improvitige cure rate in severe/critical

COVID-19 patients.

2. Clinicopathological characteristics of severe/critical COVID-19
The respiratory system is the main target orgaackétd by SARS-CoV-2. The
pathophysiological characteristics include diffuséveolar injury with fibrous

mucinous exudation and retention of mucous secrgtio the small airways, hyaline



membrane formation in the alveolar space§,lung interstitial fibrosis and lung
consolidation, atrophy of alveolar epithelium aryloplasmic necrotizing bronchitis,
along with diffuse alveolar hemorrhage and pulmgniaemorrhagic infarction in
some cases (Table 1).

In many patients, the immune organs are also affiecPeripheral blood flow
cytometry and immunohistochemistry of spleen anchpgly nodes in COVID-19
patients show a significant decrease in CD4nd CD8 T lymphocytes. Almost no
inflammatory hyperplasia in lymph nodes or splegmbserved and the lymphocyte
count and activation markers are decreased draaigtim cases succumbing to
disease, suggesting that fatal cases are in anmodepleted state (Table 1)

Liver damage is also observed in some severeari@OVID-19 patients, mainly
manifesting as increased transaminase, lactateddejgnase (LDH) and decreased
serum albumin, without significant increases imrbdin, gamma glutamyl transferase
and alkaline phosphatase. The pathological maaiiests include increased liver
volume?® along with mild active inflammation and focal nesis in the portal area,
and microvascular thrombosis and focal necrosisuratothe central vein. ’
SARS-CoV-2 particles in liver cells have also bedemtified in liver sections under
electron microscopy (Table 1).

Previous studies have shown that the spike protdirSARS-CoV-2 binds to
angiotensin-converting enzyme 2 (ACE2) to invadésfeand ACE2 is expressed in
multiple organs such as ileum, heart, kidney, lutegtis and the central nervous

system. Clinical data from severe COVID-19 patidntiicate that extra-pulmonary



organs including the heart and kidneys suffer damging COVID-19. However,
according to pathology upon autopsy of deceasedescashe damage to
extra-pulmonary organs is relatively mild; thereforthe main target organ of

SARS-CoV-2 is the lungs (Table £y 1012



Tablel

Pathological features of COVID-19.

Optical microscope ) Ref.
Electron microscope
i Generally appearance Immunohistochemistry

Tissue/Or Early stage 2nd to 3rd week of illness 4th weelléss Disease duration >4 weeks

Viral nucleic acid test
gan
Respirator (Gross observation of autopsy (Microscopic (Post-mortem autopsy and (Pulmonary puncture specimens  (Pulmonary puncture specimen from a patient 3,6,7,12
y system  systems after death on day 15 observation of lung puncture tissue after death on days 22 and 23 of thewith COVID-19 who died on day 52 of the (i) Electron microscopy:

of the illness in one critical
COVID-19 patient and whole
lung tissue in one case of lung

transplantation)

(i) Patchy grayish-white
inflammatory foci and dark red
or dark black diffuse foci of
congestion and hemorrhage in
both lungs, with mixed
congestion, hemorrhage and
inflammatory exudation in the
lesions, some with hemorrhagic
necrosis, with heavy

inflammatory foci in the

lobectomy specimens in samples after the death of disease course in 2 patients with

2 patients with lung

one COVID-19 patient on COVID-19, respectively

cancer and COVID-19 day 14 and another on day

15 of the disease courje ) . .
(i) Transparent film formation

Diffuse alveolar injury (i) Vascular congestion: widening

(i) Exudation: exudation with fibrous mucinous of alveolar interval and vascular

of proteins and fibers effusion: congestion

from the alveolar cavity; (i) Transparent film (iii) Inflammatory cell infiltrate:

widened alveolar septa, formation small amounts of single nucleated

vascular congestion, (ii) Pulmonary oedema inflammatory cells and focal

mild inflammatory cell (i) Inflammatory damage lymphocyte infiltrate

infiltration and to alveolar epithelial cells  (iv) Proliferation: type Il alveolar

multinucleated giant cell (iv) Single nucleus epithelium and interalveolar

formation inflammatory cell fibroplasia

disease COUI‘S)B coronavirus partlcles can be seen in

the cytoplasm of lower bronchial

mucosal epithelium and type Il

alveolar epithelial cells
(i) Transparent film residue: some alveoli have
residual hyaline membranes. (i) Immunohistochemistry: partial

(ii) Widening of the alveolar septum: interstitial

edema, fibrous tissue hyperplasia of the alveolar alveolar epithelium and
septum, infiltration of single nucleated
inflammatory cells; occasionally small blood macrophages  positive for novel
vessels are seen cellulose-like necrosis

coronavirus antigens,

(iii) Diffuse alveolar hemorrhage: massive

intra-alveolar hemorrhage and intra-alveolar fibrin "
immunopositive cells are expressed

globule formation

(iv) Combined with bacterial infection: large centrally in the lung interstitium and



marginal zone of the lung

(ii) Toughness, loss of intrinsic
spongy feeling of the lung,
bronzed lung changes

(iii) Massive retention of
mucoid secretions: large
amounts of grayish-white
viscous secretions are seen
spilling out of the alveoli in the
section; frothy white mucus or

jelly-like mucus is seen

adhering to the tracheal lumen,

covered by hemorrhagic
exudates
(iv) Fibrous strands are visible

on the cut surface

(i) with focal
hyperplasia: formation
of granulomatous
nodules from fibrin,
inflammatory cells, and
multinucleated giant
cells; diffuse thickening
of alveolar walls and
proliferation of
interstitial fibroblasts
(iii) Viral inclusion
bodies: suspected viral

inclusion bodies found

infiltration

(v) Atypically enlarged
alveolar cells with
multinucleated giant cells
and viral cytopathic-like
changes in the alveolar
cavity

(vi) Retention of mucus

secretions in small airways

infiltration of neutrophils in the alveoli leadirig

solid lesions

near blood vessels
(iii) Tissue's COVID-19 RT-PCR:
positive nucleic acid test in lung

tissue

Summary: in the early stage, exudative lesions weamly associated with focal hyperplasia. The seyphase is characterized by diffuse alveolar ynyith fibrous mucus exudate and retention of mwsreetions in the
small airways, and inflammatory cells are mainlgiveted aggregated macrophages. As the diseaseepsag, type Il alveolar epithelium and alveolgtalefibroplasia gradually becomes evident, withsanze interstitial

fibrosis accompanied by vasculopathy; diffuse deebemorrhage and concomitant bacterial infeathay occur.

Extra-pulmonary organs:

Spleen
Lymph

nodes

Spleen shrinkage

The number of lymphocgts®ificantly reduced, with focal hemorrhage aedrosis, and macrophage proliferation and phageisyare seen

Lymphocytes are few and necrotic

Immunohistochemistry: CD4and

CDS8" T cells were decreased
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Bone Decrease in the number of cells in the erythreidkocyte, and megakaryocyte lines
marrow
Heartand The myocardial sections were Local myocardial bundles are irregular in morphgland deeply stained in the cytoplasm. Monocyt&inimatory infiltrate is seen in a smallTissue’s COVID-19 RT-PCR: **'
blood grayish-red fish-like and shiny amount of myocardial interstitium. positive nucleic acid test in
vessels (the underlying disease wasPartial endothelial detachment, endotheliitis dmdrbosis myocardial tissue

coronary atherosclerotic heart

disease and the effect of the

underlying disease could not be

excluded)
Liverand Liver volume is enlarged and The structure of hepatic lobules was largely presirand mild active inflammatidmnd focal necrosis could be seen in the confluezgien (i) Electron microscopy: typical **"&!
gallbladd dark red and the gallbladder isMild steatosis of hepatocytes, focal necrosis wehtrophil infiltration novel coronavirus particles can be
er highly inflated Some of the sinuses are dilated or congested. observed in hepatocytes.

Vascular microthrombosis with focal necrosis arotirelcentral vein (ii) Tissue’s COVID-19 RT-PCR
positive nucleic acid test in liver
tissue

Renal Protein exudate is seen in the glomerulasiuda lumen, and the tubular epithelium is denwatetidetached, with a clear tubular pattern. Intexdst 3
congestion with microthrombi and focal fibrosisible

Nerve Mild subcranial edema, cerebral Congestion and edema of brain tissue, partial maliegeneration Novel coronavirus sequence was™*

system edema confirmed in cerebrospinal fluid by

gene sequencing in Beijing Ditan
Hospital
3,6

Alimenta  The gastric mucosa is dark redDifferent degrees of degeneration, necrosis aractietent of the mucosal epithelium of the esophajasjach and intestine.

ry tract with a few bleeding spots.



Serous

cavity

The intestine is normal in color,
with segmental dilatation of the
small intestine interspersed with
narrowing.

Light yellow clear fluid can be

seen in the pleural cavity,
pericardium and abdominal
cavity with a small to medium

amount. Severe pleural
adhesion can be seen with

bacterial infection

Abbreviations: COVID-19, novel coronavirus dise2649; RT-PCR, real-time polymerase chain reaction.
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3. Difficultiesin clinical treatment of severe/critical patients

A high proportion of severe/critical COVID-19 patte are elderly with underlying
comorbidities. According to the CDC data, 81% of\@D-19 deaths occur in elderly
patients (>60 years old) and the mortality ratiigher with increased adeThis is
mainly related to the decline in organ functiorw loompensation for damage such as
hypoxia and inflammation, and poor self-living &yil Elderly COVID-19 patients
often suffer from multiple combined underlying dises, increasing the mortality rate
5 to 10 fold. In particular, for patients with cardascular diseases, the risk of death is
increased over 11 times that of patients withouteutying comorbiditied. The range
of underlying conditions increases the challengeedaby physicians to provide
effective treatment for severe/critical COVID-1%ipats.

Viral infection and inflammation-related injurie® textra-pulmonary organs are
commonly observed in SARS-CoV-2 infection. Studiase shown that SARS-CoV-2
can invade the heart, kidneys and intestines irtiaddto the lungs, resulting in
damage to a variety of extra-pulmonary organs aaa argan dysfunctions. Such
damage exacerbates underlying diseases to furjiga\aate damage to the organs
and increase the difficulty of treatment.

Treatment can be further complicated as lung injang imaging results are not
always consistent with patients’ subjective symmorBome patients have serious
imaging findings, but their respiratory symptoms arild. Clinically, imaging cannot
accurately predict the severity or rapid progressd disease, which may lead to
adverse consequences.

11



Low immunity is another challenge to effective treant. Low immunity is often
multifaceted: first, as described above, a higtpprtion of severe/critical patients are
elderly people who often suffer from multiple ungarg diseases, and so they have
lower immunity than younger, healthy individualgcend, severe/critical patients
often have high consumption and poor nutritionatus; third, hypoxia, inflammation
and intestinal infections of COVID-19 impair thegdstive functions of patients, and
the resulting insufficient nutrient availabilityahfurther reduces immune function.
Severe/critical COVID-19 patients often have difigr levels of psychological
problems stemming from a sense of dying causedyippxia, fear of disease, the
guarantine environment, difficulty in verbal comnuation and various other stress
events (such as family-clustering infections, dexdtloved ones).

Because COVID-19 patients require an extended g@fidedrest, their lung function
impairment and muscle atrophy can be very obvidusis very important to
implement related evaluation and rehabilitatiorrdpg to ensure that recovery is as
full as possible.

Finally, the quarantine ward environment presestewn challenges for treatment of
patients. In quarantine wards, medical staff are istrict protection environment,
making it difficult to perform routine physical exénations, disease condition
observations and medical operations. In additiomergthe elderly nature of many

severe/critical patients, some medical advice naybe understood or implemented

properly.
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4. Multidisciplinary, three-dimensional and individualized comprehensive
treatment pattern for severe/critical patients

The hypoxic inflammation caused by severe/criti€DVID-19 and underlying
diseases promotes rapid disease progression, ¢etadan high mortality rate. In view
of the difficulties in clinical treatment of sevéssgtical patients, a “multidisciplinary,
three-dimensional management, individualized colmgmeive plan” treatment pattern

should be implemented to enhance the cure rateegiute mortality.

4.1. Establishing a multidisciplinary team (MDT)

Patients with severe/critical COVID-19 have manyraypulmonary injuries and
underlying diseases, so an MDT should be estaldigieachieve collaborative
treatment. The MDT should be mainly composed of spiigns and nurses
specializing in severe illness, infection and resipry medicine, together with
specialists and nurses in the heart, kidney, emumcdigestion, nerve, nutrition,
rehabilitation and psychology disciplines. The MDshould facilitate timely

discussion of the condition of severe/critical COWV19 patients so as to quickly
develop the most reasonable individualized diagnasd treatment program, taking

into account underlying comorbidities.

4.2. Multidisciplinary and three-dimensional patient management pattern
A multi-disciplinary management model is tailoreal the combined underlying
disease profile of each patient. A “special disessponsibility system” with the

13



specialist of the most life-threatening combinededse as the chief expert is
implemented for 24 h management. A multi-channelultirdisciplinary,
three-dimensional consultation mechanism is forme#ging on various resources, so
that common problems are resolved by the team dhcdutt problems are resolved
by remote consultation and discussion in the hakpit

According to the specific conditions in each pdtiewe developed a precision
treatment program of “one plan for one patientsdzhon guidelines. We have a daily
MDT discussion and update the program. Relying am team’s strengths,
comprehensive interventions such as nutrition stppeychological intervention and
rehabilitation training are implemented, which effeely improves the cure rate of
severe/critical patients. We have adopted the violilg key measures. First, various
oxygen therapy methods are applied to quickly &kevhypoxia and provide a basis
for other treatments. Second, we adhere to theiptenof multidisciplinary diagnosis
and treatment, simultaneously treating the pneuaand serious underlying diseases
to prevent them from exacerbating each other. Thirel implement individualized
anti-virus, anti-infection, and anti-inflammatompimunotherapy. We clarify the
applicable groups of various antiviral drugs, $lyicfollow the indications for
antibiotics, and select the anti-inflammatory/imratierapy according to the patient’s
immune status and inflammation indicators, whileventing drug-related adverse
reactions and multidrug interactions to avoid seéeoyp damage. Fourth, we
implement prompt, individual and full nutrition gugrt, psychological intervention
and comprehensive rehabilitation. Nutrition exppagorm evaluations, determine an

14



individualized nutrient supplement plan and runotiyh the whole process. The
patients’ psychological needs are identified ton@late various concerns and provide
individualized emotional support, sleep educatind a small amount of drugs. While
ensuring safety, individualized rehabilitation tiaig programs should be formulated
to improve the general conditions and respiratancfions of elderly severe/critical
patients. Fifth, we develop an overall care plaseblaon “one plan for one patient”.
By integrating specialist nursing methods in maeucinutrition, psychology, and
rehabilitation for severe/critical cases, we impéerinspecial care for special patients,
to ensure proper disease observation, drug thenarytion support and rehabilitation
training, providing various conveniences for pasein a cordial and sincere manner,
listen to patients’ needs and create a warm andhdr@pus humanistic nursing

atmosphere.

5. Implementation of individualized comprehensive treatment for severe/critical
patients

5.1. Timely observation, accurate prognosis and intervention in critical patients
Severe/critical patients often present with a wgred underlying diseases, have low
immunity, severe lung damage, rapid disease pregmesnd inconsistency between
imaging severity and subjective symptoms. It isc@uto evaluate the severity of
disease, judge the disease trend, make early émeons and prevent disease
progression to reduce COVID-19-induced mortalityu$, we should strive to follow
the “five timely”: timely observation, timely examation, timely consultation, timely

15



early warning and timely treatment. First, timelyservation: observe the respiratory
oxygenation and vital organ functions; second, lymexamination: examine the
functions of the lungs and other organs and evaltrem; third, timely consultation:
seek multi-level and multi-disciplinary support;ufth, timely early warning: give
timely early warning in case of disease aggravadiod poor prognosis; fifth, timely
treatment: provide timely treatment for criticalnditions, disease progression and

other urgent problems.

5.1.1. Dynamic clinical observation: early warning signs

Astute observation of the symptoms and signs in (ME1A patients is vital. Because
of the limitations in quarantine ward conditionssedse condition observations of
severe cases include several aspects. Observdtithre gatients’ basic condition,
including age greater than 65 years, combined wmitlitiple organ damage and
underlying diseases is key, as these are hightaisiors for deatfh.** Any new or
altered development of mental depression, lazinessspeak, irritability and
consciousness change, etc., indicate severe dismasksease progression. Any
changes to vital signs, including persistent feffer example, >387) or increased
body temperature, heart rate greater than 100 /b@atgontinuously or faster than
before, blood pressure lower than 90/60 mmHg omggassive decline, or mean
arterial pressure lower than 70 mmHg, suggest sks@aogression or even shock.
Similarly, respiratory symptoms must be accuratédgerved. Aggravated coughing,
shortness of breath, decreased activity toleranespiratory rate greater than 30

16



times/min continuously or further aggravation, @oda oxygen saturation lower than
93% suggest severe disease or disease progre§uioimg oxygen therapy, it is
necessary to monitor the blood oxygen saturatiod amaintain Sp@ >95%.
Otherwise, arterial blood gas analysis needs tpdsformed as soon as possible, and
according to the oxygenation index (R#&€0O,), the respiratory support treatment
method can be adjusted. If the patient meets therier for invasive mechanical
ventilation treatment, intubation should be perfednurgently; delayed tracheal
intubation will lead to poor clinical outcome. Dgj&e tract symptoms are also
indicative of altered disease status. Loss of ajgpet refusal to eat, combined with
abdominal bloating and discomfort suggest possihi@nges in disease conditions.
Continuously decreased urine volume or no urinejest dehydration and heart rate
sudden drop in below 60 beats/min and deep regpir&uggest abnormal renal
function or insufficient intake, high potassium axidosis, which should be treated
urgently.

In some severe/critical patients, although theiygenation index is less than 200
mmHg and CT imaging indicates the progression ofgllesions, the patient’'s
subjective symptoms remain mild and so can beyeagibred clinically. Therefore,
comprehensive assessment should be performed loasélde patient’s heart rate,
respiration rate, oxygenation index, imaging anteotlaboratory indicators, to
identify disease condition changes early and affedhterventions should be taken to

avoid sudden worsening of disease.

17



5.1.2. Laboratory-based prognostic indicators. early warning signs

Early identification of changes in white blood cetiunts is of great importance in
severe/critical COVID-19 patients. Peripheral blolyghphocyte count gradually
decreases to (0.3-0.4)*10** Absolute lymphocyte count is positively associated
with the severity of disease, and continuous deadlihlymphocytes is a sign of poor
prognosis. COVID-19 patients often show increasedtnophil to lymphocyte ratio
(NRL), which was more pronounced in patients whonadtely succumbed to disease.
When the NRL is=3.13, patients should be transferred to the intensare unit (ICU)
quickly®® If the CD4/CD8 count decreases, the neutrophil/CD8ratio (NSR)
increases and the CDAT lymphocyte count falls to <0.25x¥D, it indicates a
worsening of disease and the treatment plan shmeildrgently adjusted, such as by
administering immunopotentiation theraByDecreased hemoglobin indicates that the
patient has poor nutritional status and decreassde tolerance to hypoxia, while a
rapid decrease of hemoglobin in a short time malicate that the patient has
combined hemolysis (for example, hemolysis caused abtiviral drugs) or
gastrointestinal bleeding, etand timely intervention should be performed.

Cytokine storm is an important cause of death in/@A19, so early identification of
elevated inflammatory cytokine levels is vital. 8e/critical patients often have
progressively increased inflammatory cytokineshe peripheral blood. Therefore,
inflammatory markers should be closely monitoredagsess the intensity of the
inflammatory response. Common cytokines includee&:tive protein, of which a
concentration of >34 mg/L is a high risk factor fteath, plasma interleukin (IL)-2,

18



IL-7, IL-10, granulocyte colony-stimulating factointerferon-gamma inducible
protein 10, monocyte chemoattractant protein-1,ro@tage inflammatory protein-1
-alpha and tumor necrosis factor-alpha. Sever&fatipatients often have higher
levels of these marketé.IL-6 is a marker of cytokine cascade activatioattban
promote myocardial dysfunction and lead to sericasditions such as blood vessel
leakage, activation of complement and diffusiveamascular coagulation caused by
the coagulation cascade. Therefore, cytokine staray occur in patients with
significantly elevated IL-6 in the early onset a$ehse, indicating that targeted IL-6
antagonistic therapy should be considered.

In terms of virus detection, poor prognosis is tatked by prolonged viral shedding of
more than 20 days, detected in nasopharyngeal serabdseolar lavage, or virus
positivity in serumt> 2

Oxygenation index is also an important indicator pbgnosis. If a patient’'s
oxygenation index is <150 mmHg and lasts longentha h, there is a risk of
cytokine storm caused by hypoxia. If a patient'ygenation index is <80 mmHg,
which further worsens under high-flow oxygen inhiala or non-invasive
ventilation? this further indicates poor prognosis. Similartissue oxygenation
indicators such as LDH should also be monitoredyrgmrognosis is indicated by
progressively increasing lactic acid levels, bldactic acid>3 mmol/L lasting more
than 48 h and LDH greater than twice the uppertlohnormal.

Increased D-dimer is positively correlated with COM9 severity. In the case of

severe acute respiratory distress syndrome (ARDSjmer can suddenly increase to
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more than 5Qg/L. However, D-dimer of greater thanudy/L is a high risk factor for
mortality in severe/critical patientd so active interventions should be performed.
Electrolyte disturbances (such as low/high potassiow/high sodium) and acid-base
imbalance (mainly metabolic acidosis, hyperlactawith) easily induce arrhythmia
and central nervous system disorders while aggrayahypoxia and systemic
dysfunctions. Once identified, these symptoms sh treated urgently to prevent
poor prognosis.

5.1.3. Imaging: early warning signs

Chest computed tomography (CT) or X-ray is reconuednfor all high-risk groups
with clinical early warning signs, even if they leawo obvious respiratory symptoms.
These should be repeated regularly, once everydy®. Extensive lung lesions upon
admission indicate that the patient is in severeition. Dynamic CT re-examination
showing an increased number of lesions, expandegerand increased ground glass
opacity (GGO) density indicates disease progressiadhe lesions show an obvious
progression >50% within 24-48 hours, this also datis disease progression to
critical or severe condition, and active intervens such as adjusting respiratory
support and immunomodulation therapy should beopexdéd.

Ultrasound has limited value for the diagnosiswfg lesions, but it is real-time,
rapid and simple, especially for patients with pbtwod oxygen status or those who
cannot undergo CT scan. It has advantages for vhtaion of lung water and
pleural effusion. Detection of shred-, tissue-ljka-dynamic bronchial inflation signs

and other consolidations at the time of admissignultrasound indicates severe
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disease. If dynamic lung ultrasound re-examinat&imows consolidations or
progression of consolidation range, it indicategragation of the disease and the
clinical treatment program should be urgently amjds|f extra-pulmonary water is
found to increase outside the pulmonary blood Ieg®éth typical manifestation of
diffuse B-line sign found in multiple sites by puwmary ultrasonography), the fluid
balance plan should be adjusted, and the effusisifioow should be increased
appropriately. Although pleural effusion is rarehem the lateral diameter of pleural
effusion exceeds 3 cm or increases progressivdlyasound-guided puncture
drainage should be performed. Typical myocardiaoivement for severe/critical
COVID-19 patients is mainly manifested as reduaédsive or regional wall motion,
reduced short-axis shortening fraction. If dynanoiicasound shows reduced ejection
fraction and increased pulmonary vascular resistaatc, it suggests poor cardiac
function, and continuous cardiac function testingudd be performed to control the
volume load. When required based on disease congditentral venous catheter can

be indwelled under ultrasound guidance.

5.1.4. Timely intervention

When there are signs of disease progression, gnigons should be carried out in a
timely and effective manner, including the follogirimprove the hypoxia as early as
possible; adjust the anti-virus and anti-infectman urgently; maintain the functions
of vital organs throughout the process; activelyima@n homeostasis; administer
active anti-inflammatory/immunomodulation therapyrovide full supportive
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treatment; provide comprehensive and flexible eomati support and psychological
intervention; strengthen the overall nursing manag®, ensuring appropriate
treatment and observations of the disease conditioth the patient, and give timely

communication and feedback.

5.2. Oxygen and respiratory therapies

Patients with severe/critical COVID-19 suffer fradifferent levels of hypoxia and
respiratory failure. Unless chronic obstructive rpahary disease is underlying,
patients generally exhibit type | respiratory faedluut rarely type Il respiratory failure,
and so they require different methods of oxygerragme or respiratory support

therapy (Fig. 1).

Difficulties in clinical treatment MDT, 3D, individualized comprehensive treatment

Old age Nutrition Liver protection
Underlying diseases Rehabilitation Anti-inflammation
Antithrombosis
Immunotherapy
(369

MDT Respiration

Systemic inflammation
extrapulmonary
organs injuries

Lung injury is
inconsistent with
subjective symptoms

l

COVID-19 P

FIVE TIMELY

Rehabilitation
requirement
A, -2 ®R
High requirements for a .
treatment and care in Severe/ Homeostasis
quarantine ward M Critical Anti-pulmonary fibrosis
psychology Anti-virus

Psychological
problems

Anti-infection

Fig. 1. Multidisciplinary, three dimensional and individualized comprehensive
treatment pattern for severe/critical COVID-19. MDT and individualized
treatment plans, accurate prediction of diseasgression and timely interventions
are vital to effectively reduce mortality. MDT mesrb are mainly physicians from

critical medicine, infection and respiratory didgips, but also include cardiovascular,
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kidney, endocrine, digestion, nerve, nutrition,aghtation, psychology and specialty
care. MDT members need to establish a three-dimeaskmanagement model with
close observation and timely evaluation and intetiee@ (.e., “round-the-clock

rounds management” and “five timely”). AbbreviattoMMDT, multidisciplinary team;

COVID-19, novel coronavirus disease 2019.

For hypoxemia patients with PaBiO, within the range of 200300 mmHg, a choice
between nasal catheter inhalation, mask oxygeraplyeor high-flow nasal cannula
(HFNC) oxygen therapy can be given, according te #pecific situation. For
hypoxemia patients with PaiO, within the range of 150-200 mmHg, they will
first be given HFNC, and if the anoxia has not bakeviated or has worsened in 1-2
hours, invasive mechanical ventilation treatmerdusth be performed urgently. For
hypoxemia patients with PaBiO, <150 mmHg, invasive mechanical ventilation
should be applied urgently. Extracorporeal membmygenation (ECMO) should be
evaluated and implemented as quickly as possiblnvthe patient meets conditions
specified in theProgram for Diagnosis and Treatment of Severe/Critical Novel

Coronavirus Disease 2019 (COVID-19) (Trial Edition 3).

5.3. Antiviral treatment

Theoretically, the sooner antiviral therapy is adistered, the better. However,
according to current expert opinions and publistiédcal study data, no clear first
line antiviral drugs have emerged. As a high proporof severe/critical patients have
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underlying comorbidities, it is necessary to cdigfievaluate gastrointestinal
symptoms, eye disease, heart function and totaluatnaf transfusion for selective
use when implementing an antiviral drug regimentiviral treatment can thus be

adopted after weighing the advantages and disaalgesit

5.4. Anti-infective treatment

Because COVID-19 is a viral disease, antibiotiesianeffective. Furthermore, due to
occurrence of few bacterial infectiohsthe conventional combined antibiotic
treatment is not recommend&dHowever, severe/critical patients are susceptible
secondary bacterial or fungal infections becausy #re generally elderly patients
with combined underlying diseases, often with usenmnunosuppressive agents and
various invasive procedures as well as aspiratimeumonia in infirm patients, etc.
For ICU patients or those with invasive ventilaticattention should be paid to
ventilator-associated pneumonia and multi-drugstast bacterial infections such as
Acinetobacter baumannii, Staphylococcus aureus andKlebsiella pneumoniae as well
as various fungi. Pathogen culture of a varietpady fluid samples should be carried
out during empirical treatment, and the treatmerdg@mm should be adjusted

according to the results of microbiological exantimma

5.5. Immunotherapy
Convalescent plasma from recovered patients cantajpecific IgM and 1gG
antibodies, and IgG antibodies in particular mayeha neutralizing effect, which can
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facilitate virus elimination and promote recoveByudies from mainland China, Hong
Kong, and Taiwan show that convalescent plasmasioifucan shorten the hospital
stay of SARS patients and rapidly reduce viremid mortality’*2! In a recent study,
five ventilator-supported patients with critical ©I-19 were treated with
convalescent plasma, three cases were cured andathi@ved stable disease,
showing efficacy in terms of virus clearance andybtemperature recovef§Overall,
convalescent plasma is understood to be safetsoefficacy requires further study.
Thymosinal, a peptide known to enhance cell-mediated immpuisitwidely used in
immunocompromised or impaired groups. It has alenbused in the treatment of
SARS. According to clinical experiences reportedttie literaturé> COVID-19

patients may also benefit from thymosin.

5.6. Anti-inflammatory treatment

Inflammation storm is an important cause of disesseerity in COVID-19 patients,
and can lead to ARDS and multiple organ faiftfré”” During the treatment of
severe/critical COVID-19 patients, it is necesstryclosely monitor the dynamic
changes in inflammatory cytokines and optimize-aritammatory treatment, so as to

improve the prognosis of severe/critical COVID-Zients.

5.7. Antithrombotic therapy
Patients with COVID-19 have systemic inflammatoryesponses and
hypercoagulability, with elevated fibrin, fibrinogeand D-dimet? These increases
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are particularly common in patients with severéif@al COVID-19 and are associated
with poor prognosié® Severe/critical COVID-19 is often accompanied bsagety of
basic cardiovascular and cerebrovascular diseasdspatients may be bedridden for
a long time during hospitalization, all of whichaeerbates the adverse consequences
caused by hypercoagulability, such as venous thosieb pulmonary embolism,
cerebral infarction, etc. Therefore, routine ardagulation therapy for severe/critical
COVID-19 patients is required, and the anticoagmatregimen should be

implemented in accordance with the standard regiimenon-COVID-19 patient?®

5.8. Treatment of consolidation and pulmonary fibrosis

According to the CT imaging distribution charactéds and signs of COVID-19,
GGO and consolidation of the lungs are the mostncomimaging characteristics. Up
to 46.2% of COVID-19 patients demonstrate GGO amtsolidatior’”” Such common

pulmonary fibrosis changes seriously affect thegposis in severe/critical patients;
therefore, the treatment of lung consolidation gmdimonary fibrosis is of great

significance in the recovery of patients.

5.9. Preventing the liver injury

Underlying liver diseases should be actively tréatering COVID-19. Liver damage
in COVID-19 patients is usually reversible and baal without any special treatment.
Glycyrrhizin preparations and polyene phosphatidglime should be selected if
alanine aminotransferase and aspartate aminotrassfelevels are significantly

increased, which suggest that immune-mediated metirosis and apoptosis are
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obvious. If cholestasis and jaundice are evid&mgdemetionine or ursodeoxycholic

acid should be selected.

5.10. Maintaining homeostasis

Patients with severe/critical COVID-19 are prone dtectrolyte disturbances.
Common causes include hypoxia, insufficient eldgteointake in the diet, vomiting,

or loss of electrolytes due to excretion. Patienith severe/critical COVID-19 are

also prone to respiratory alkalosis and metabdlidasis, etc. The etiology should be
analyzed and symptomatic treatment performed tislgowand when necessary,
continuous renal replacement therapy can be camsideThe volume of any

transfusions given should follow the general ppieiof fluid therapy. For the elderly,
and patients with cardiac dysfunction and tissuenea] the principle of “less fluid”

should be followed, to maintain an appropriate tiggabalance and prevent
excessive fluid. Albumin and blood products shobkl actively supplemented to

maintain blood volume and plasma colloid osmot&spure.

5.11. Nutritional therapy

Appropriate nutritional therapy can meet the neefisevere/critical patients and
improve their immune functiorf§. By supplementing reasonable nutrients, this
approach can reduce the burden on the gastroiméstact and heaftWe used the
Nutritional Risk Screening 2002 (NRS2002) scaleéher Nutrition Risk in Critically

il (NUTRIC) score to assess the nutritional statdspatients and found that all
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patients with severe/critical COVID-19 in our cated varying degrees of
malnutrition®® Therefore, it is necessary to develop an indiided nutritional
support plan to accelerate the recovery of patients

The treatment plan should adhere to the followingaiples: target energy should be
25-30 kcal/(kged); oral enteral nutrition is preéat; different nutritional preparations
are selected according to the individual situatbmatients; the parenteral nutrition
recommended ratios of three major nutrients shieldsugars/lipids, 50-70/50-30,

and the optimal ratio of non-protein calorie (kdalnitrogen (g) is 100:1-150%.

5.12. Psychological intervention therapy

Patients with severe/critical COVID-19 suffer theyphological stress of potentially
life-threatening illness, often combined with otlstressful events, such as the death
of a loved one, family clustering infections, sddglation, etc. This patient group,
therefore, is under great psychological presdtigtudies have shown that active
psychological interventions can improve patienteep, moods and bad behaviors,
which not only improves patients’ immunity, but can also enhance treatment

compliance and improve outcome.

5.13. Rehabilitation therapy
Most severe/critical patients have suffered froffedent degrees of limb dysfunction
and respiratory impairment; therefore, they shaelckive rehabilitation assessment

and treatment of related dysfunctions, to redutssguent complicatioris.
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6. Conclusions

Severe/critical COVID-19 is a systemic disease thatnly involves the lungs and
immune system. Severe/critical patients are mastgrly with combined underlying
diseases, and suffer from a high mortality rater @am has cumulatively treated 77
severe/critical COVID-19 cases, including 62 (80)%évere cases and 15 (19.5%)
critical cases, with an average age of 63.8 yelalrs5@ (68.8%) cases presented with
more than one underlying disease, and 65 (84.4%@rseases have recovered. The
average hospital stay of severe/critical cases2fadays, and the mortality rate was
2.6% (2/77), which are significantly lower than tB6—40 days and 49.0-61.5%,
respectively, reported in the literature. Thereforeur multidisciplinary,
three-dimensional and individualized comprehensireatment pattern has achieved
good effects and significantly reduced the mowgaiitte of severe/critical COVID-19

patients, while greatly improving the cure rate.
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