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Abstract

A growing number of studies on coronavirus disease 2019 (COVID-19) are becoming available, but a
synthesis of available data focusing on the critically ill population has not been conducted. We per-
formed a scoping review to synthesize clinical characteristics, treatment, and clinical outcomes among
critically ill patients with COVID-19. Between January 1, 2020, and May 15, 2020, we identified high-
quality clinical studies describing critically ill patients with a sample size of greater than 20 patients by
performing daily searches of the World Health Organization and LitCovid databases on COVID-19.
Two reviewers independently reviewed all abstracts (2785 unique articles), full text (218 articles),
and abstracted data (92 studies). The 92 studies included 61 from Asia, 16 from Europe, 10 from
North and South America, and 5 multinational studies. Notable similarities among critically ill pop-
ulations across all regions included a higher proportion of older males infected and with severe illness,
high frequency of comorbidities (hypertension, diabetes, and cardiovascular disease), abnormal chest
imaging findings, and death secondary to respiratory failure. Differences in regions included newly
identified complications (eg, pulmonary embolism) and epidemiological risk factors (eg, obesity), less
chest computed tomography performed, and increased use of invasive mechanical ventilation (70% to
100% vs 15% to 47% of intensive care unit patients) in Europe and the United States compared with
Asia. Future research directions should include proof-of-mechanism studies to better understand
organ injuries and large-scale collaborative clinical studies to evaluate the efficacy and safety of an-
tivirals, antibiotics, interleukin 6 receptor blockers, and interferon. The current established predictive
models require further verification in other regions outside China.

© 2020 Mayo Foundation for Medical Education and Research ® Mayo Clin Proc. 2021;96(1):183-202
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evere acute respiratory syndrome to a substantial increase in the demand for

coronavirus 2 (SARS-CoV-2), causing

coronavirus disease 2019 (COVID-
19), is the novel coronavirus first detected
in Wuhan, China, in December 2019'*
that continues to spread globally, with
more than 13 million cases confirmed as of
July 15, 2020.” The clinical spectrum of
COVID-19 ranges widely from asymptom-
atic infection to critical illness with a high
risk of mortality.”® Based on the evidence
to date, there is a high probability of require-
ment for intensive care unit (ICU) level of
care among patients with COVID-19, leading

critical care beds. Understanding the disease
trajectory and those most likely to benefit
from critical care will be vital for ICU clini-
cians as they grapple with this new illness
and understand how best to manage patients
within  potentially  resource-constrained
settings.

Because there are limited antiviral treat-
ment options for COVID-19 and the severity
of disease is closely related to the prognosis,’
it is also essential to triage patients with
COVID-19 and identify early from among
the many mild cases the few who will have
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ARTICLE HIGHLIGHTS

e This scoping review is the first of its kind to synthesize the
current literature focusing on patients with coronavirus disease
2019 and critical illness by analyzing 92 included studies from
Asia, Europe, and North and South America.

e Scoping reviews are valuable for summarizing existing knowl-
edge, highlighting gaps in our understanding, and guiding future
research directions.

e Notable similarities among critically ill populations across all
regions included a higher proportion of older males infected and
with severe illness, high frequency of comorbidities, abnormal
chest imaging findings, and death secondary to respiratory fail-
ure. Differences in regions included newly identified complica-
tions (eg, pulmonary embolism) and epidemiological risk factors
(eg, obesity), and a longer stay in the intensive care unit, less
chest computed tomography performed, and increased use of
mechanical ventilation (70% to 100% vs 15% to 47% of intensive
care unit patients) in Europe and the United States compared
with China.

Future research directions include a need for studies to confirm
the mechanism of organ injuries and large-scale collaborative
clinical studies to evaluate the efficacy and safety of drugs. The
current established predictive models require further verifica-
tion in other regions outside China.

progression to critical illness to effectively
prioritize resources for patients with the
highest risk, keep them under continuous
close monitoring, and intervene as needed
to prevent the progression of disease.

As a growing body of literature on
COVID-19 is becoming available, a small
number of systematic and scoping reviews
have been published since February 2020.
However, because of the relatively short
time since the outbreak of this novel disease,
most reviews have either focused on a single
aspect of COVID-19 (eg, imaging findings,”
comorbidities,® treatment’) or included a
very limited number of studies with minimal
quantitative data synthesis,'’ or primarily
described disease features among the general
population'' and often included studies
from a single country.'”'’ Initial research
emerged from Asia, but more COVID-19

studies from Europe and North America
have now been published. What is missing
from the current literature, however, is a
synthesis of the worldwide literature on crit-
ically ill patients specifically. Given the ur-
gency of the COVID-19 epidemic and the
need to understand information about criti-
cally ill patients with COVID-19, a scoping
review was considered suitable and useful
for mapping the available evidence to iden-
tify knowledge gaps.'” This study had
several objectives. First, we wanted to syn-
thesize the current and emerging literature
describing the clinical features, treatment,
outcomes, and risk factors associated with
poor prognosis among critically ill patients
with COVID-19 during the early months of
the pandemic. Second, we wanted to provide
frontline clinicians with insights for the
effective management of severely ill patients
with COVID-19. Finally, we aimed to iden-
tify knowledge gaps to guide future research
endeavors.

METHODS

We followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-
ScR) checklist in reporting findings.'’

Data Source and Search Strategy

We identified eligible studies daily by search-
ing the World Health Organization COVID-
19 database'® and the LitCovid database'"'®
for COVID-19 literature published in English
from January 1, 2020, to May 15, 2020. Both
of these databases track and provide daily up-
dates on COVID-19 scientific studies. To
focus our efforts, we included peer-reviewed
human studies in clinical journals with an
impact factor (IF) of greater than 5. We did
not include studies on animals or those exam-
ining molecular disease mechanisms. We im-
ported the identified articles into Covidence
systematic review software'? for the title, ab-
stract, and full-text screening.

Study Selection
Studies that met all of the following criteria
were included: (1) analysis included full
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Records identified through database
searching (n=3172)

Additional records identified through other
sources (n=0)

Identification

A

Records identified
(n=3172)

> Duplicates removed (n=387)

Screening

Titles/abstracts screened
(n=2785)

Records excluded (n=2567)

Full-text articles excluded, with reasons
(n=127):

Full-text articles screened
(n=218)

* 58 Wrong study design

* 53 Study population not did require ICU
level of care

¢ |2 Case series with less than 20 cases

* 4 Critically ill patients but no information
of interest

Eligibility

A

Full-text articles assessed for eligibility
(n=91)

Additional records
identified (n=1)¢

°
@
°
=
o
c

Studies included in final narrative synthesis
(n=92)

FIGURE. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for the scoping review
process. “After May 15, 2020, when we had discontinued daily updates, we included one study describing a randomized clinical trial

meeting inclusion criteria. ICU, intensive care unit.

cohort or subgroup of critically ill adult pa-
tients with COVID-19; defined in our study
as patients admitted to the ICU, those cate-
gorized with severe disease by guidelines,
end-organ injury/dysfunction, and patients
who died from COVID-19; (2) reporting at
least one of the following types of informa-
tion: clinical characteristics, treatment, or
use of multivariate analysis of risk factors
associated with higher disease severity or
poor prognosis; (3) study designs: random-
ized clinical trials (RCT), prospective or
retrospective observational studies; and (4)
sample size of 20 or more individual
patients.

Studies were excluded on the basis of one
or more of the following: (1) participants
younger than 18 years, pregnant women,
no analysis of critically ill patients; (2) study
designs were research letters without patient
data, news reports, editorials, commentaries,

case reports, mathematical modeling studies,
recommendations, guidelines, or review arti-
cles; and (3) non-English articles.

All titles and abstracts screened in the
first phase, as well as full-text articles in
the second phase, were reviewed indepen-
dently by 2 investigators (C.H., J.S., S.H.,,
Y.P., or K.P.). Discrepancies were resolved
by a senior team member (Y.D. or A.K.B.)
in each phase. Reasons for exclusion are re-
ported in the PRISMA-ScR flowchart
(Figure). During the process of gathering
and reviewing information, we modified
the inclusion and exclusion criteria as new
ideas emerged and ensured that the previous
steps complied with the change in protocol.

Data Extraction and Synthesis

Data abstraction on each of the included ar-
ticles was performed by 2 independent re-
viewers (C.H., J.S., SH., Y.P.,, or K.P)
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TABLE 1. Characteristics of the 92 Included Studies®

Characteristic

No. (%) of studies”

Journal impact factor
>50
20-50
5-20

Article type
Original article
Research letter

Other (brief report or communication)

Study design

Retrospective observational

RCT
Prospective observational
Study center
Single-center
Multicenter
Unknown
Geographic area
Asia
Europe
North/South America
Multticountry
Sample size
20-100
100-1000
> 1000
Critically ill population
Subgroup
Full cohort

Critical illness categories

Patients admitted to the ICU
Severe (Chinese guidelines)
Severe (American guidelines)
Organ injury or dysfunction
Patients who died of COVID-19

Research domain
Clinical characteristics
Risk factors
Treatment

19 Q1)
8 (9)
65 (71)

54 (59)
35 (38)
303

83 (90)
3 (©)
4(4)

51 (55)
39 (42)
22

61 (66)
16 (17)
10 (1)
5(5)

36 (39)
45 (49)
1 (12)

64 (70)
28 (30)

23 (25)
25 (27)
3(3)
23 (25)
18 (20)

52 (57)
29 (32)
1 (12)

#COVID-19, coronavirus disease 2019; ICU, intensive care unit; RCT, randomized clinical trial.

®Percentages may not total 100 because of rounding.
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using a tailored Excel (Microsoft) form,
which was piloted beforehand. Data
abstracted included the following: literature
characteristics (eg, journal, publication
date, title, first author), characteristics
related to study method (eg, article type,
study design, country where the study was
conducted, sample size, subgroups divided),

variables related to patient clinical character-
istics (eg, demographic characteristics,
comorbidities, symptoms, laboratory find-
ings, imaging assessments, severity of
illness), interventions (eg, drug treatments,
oxygen supplies, mechanical ventilation),
clinical outcomes (eg, discharge, severity of
disease, mortality, hospital length of stay
[LOS]D), risk factors associated with severity
of illness or prognosis as identified using
multivariate analysis, and key findings. As
the data extraction process unfolded, we
also enhanced the data extraction form,
with new or more precise categories as
needed. Reviewers also had regular meetings
to address any challenges and to ensure
concordance with their abstraction methods.

For data analysis, we descriptively sum-
marized and qualitatively synthesized the
data. The findings are presented in a narra-
tive form, including tables and figures, to
aid in data presentation and interpretation
where appropriate.

RESULTS

Literature Characteristics

The literature search generated 3172 re-
cords. Of these, 387 were duplicates and
2567 were excluded. A full-text review was
conducted on 218 studies, and 127 were
excluded because they did not meet our
criteria. One additional relevant RCT study
was included for data synthesis. A total of
92 studies were included for data abstraction
(Figure).

Characteristics of Included Studies

Table 1 summarizes the main characteristics
of the 92 included studies, 54 (59%) of which
were original articles and 35 (38%) were
research letters. Study designs were primarily
retrospective  observational studies (83
[90%]), followed by RCTs (5 [5%]) and pro-
spective observational studies (4 [4%]).
Nearly half of them were multicenter studies.
Geographically, the articles largely originated
in Asian countries (61 [66%]), followed by
European countries (16 [17%]), North or
South American countries (10 [11%]), and
multinational regions (5 [5%]). The sample
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TABLE 2. Clinical Characteristics, Interventions, and Outcomes of Critically Ill Patients With COVID-19

Characteristics

Asian (30 studies)

European and American (21 studies)

Age range (y), median
Overall
Fatal cases

Male

Overall
Fatal cases

Symptoms

Common

Neurologic
Comorbidities

Overall

Fatal cases

Chest imaging

Bilateral infiltrates

Severity on ICU admission

APACHE Il score
SOFA score

Time from symptom onset (d), median/mean

To hospital admission
To ICU admission

Complications
ARDS

Acute cardiac injury
Acute kidney injury
Acute liver injury

Pulmonary embolism
Sepsis

42627,29-33,42,44-51,53,64,66,67,69.74.77

49-71 o
9899,101,102,104,105

66-73

46%-9 | %4,26,27,29—3 1,42,44-51,53,64,66,67,69,74,77

64%_85%96,98— 102,104,105

Fever, 46%-100%; cough, 229%-85%; dyspnea,
30%-100%; fatigue, 10%-100%; myalgia,

296-50%; sputum, 20%-61%; diarrhea,
693 | 96+2627.29-31 444648.5051 53646667,

69,77,98,99,101,102,104

46% (China)®’

Any: 38%785%4,26,27,29—3 1,46,50,51,53,67,69
Respiratory, 19%-8%""° (COPD, 8%"*");
diabetes, 8%-27%"%*"**3% hypertension,
| 5%-65% 262730, cardiovascular, 10%-
329%"2927:273% neurologic, 14%-17%"%;
CKD, 4%-6%"">% cancer, 4%-11%""%;
smoking, 4%-50%""""'

Aﬂ)/' 6300777%9899’ 101,102,104,105, COPD.

2%-5%°%9%19% diabetes, 18%-35% 0210

hypertension, 38%-65% % '0%10%10%,
cardiovascular, 129-379% 5021041 05;
neurologic, 4%-18% %77 0110210% kD,
39%. | 897899101I0210% oo

2%77%98,\00—\02,I04; smoking, 8%98

100% (x-ray>"”®); 82%-100%
(CT4,27,46,5 1,67,99,1 02)

| -] 7272930
2.5273031

4,26,27,31,48,51,98,99,102,105
4| Q*2627,31:4851,9899,

6-1027293!

58%-100% (overall)™*/*7=31""% 749%-100%

98.99,101,102,104,1
(fatal cases) Rl X075 O

8%-31% (overall)**/7%=0: 429.77% (fatal

Cases)98,99. 101,102,105

6%-37% (overall) /714074 95%_88% (fatal

Cases)98,99, 101,105

6%-29% (overall)***¢°%"* 9%-77% (fatal
Cases)?S,\O\,IOZ\Ob
NA

33%-100% (fatal cases)”™' %

22-2532,3537,38,4041,76,82,86,88.90
58-70°" 7747

72 (ltaly)™; 77 (UK)'®

52%_90%22—25,32,35,37,40,4 1,75,88,90

90% (ttaly)”; 60% (UK)'®

Fever, 35%-100%; cough, 3095-88%; dyspnea/
SOB, 24%-9 1%, fatigue, 19%-67%; myalgia,

5%-55%; sputum, 42%; diarrhea,
129-2892425:32.4075.76,88.103

84% (France)™; 21% (Turkey)™

Any: 68%-869%>*""

Respiratory, 7%-18%">%*>"° (COPD,
49%-33%’"Y; diabetes, 17%-
58%22,24,25,32,35,40,4 \; hyper‘tension,

33%-51%""""9*"; cardiovascular, 4%-

48%77,75,35,40; CKD, 3%_48%77,74,75,37,35,40;

cancer, 5%-8%%2>>10, smoking,
22%-34%"*% obesity, 43%'¢; OSA,
21%-29% "

Up to 90%'%% COPD, 20%-21%; diabetes,
47%-65%; hypertension, 55%-68%;
cardiovascular, up to 90%; neurologic, 15%;
CKD, 309-53%; cancer, |5%-37%; smoking,
34%; obesity, 28%; OSA, 10%'*?

50%-100% (x-ray?>3%107610%)

| 837
835,37

24,32,37,40,76
4.g2432.37:40,
23
3

75%-100% (overall)” #2280

8% (patients receiving IMV)®; cardiomyopathy
in 33% (overall)™*

19% with acute kidney failure (overall)™*;
68%-84% (fatal cases)'*®

14% (overall)”"; 7%-19% (fatal cases)'”®

179%-21% (overall) (France)”*”
NA
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TABLE 2. Continued

Characteristics

Asian (30 studies)

European and American (21 studies)

Complications, continued
Shock

Secondary infection

Intervention
HFNC

NIMV
MV

ECMO

Prone ventilation
Vasopressor
CRRT

Clinical outcomes

Hospital LOS (d), median range

ICU LOS (d), median range

Mortality

23%-31% (overall)"’; 419%-81% (fatal

cases)?B,\OHOZ

Bacterial: 2%-35% (overall) 276202 16%

169-82% (fatal cases)’”''+/0%!102
Viral: |1% (fatal cases)’

27,29-31,50,51,98,104
| 0%-68942729-315051.98,10

['196-72%
(overall

15%-47% (ICU patients)™**"*7*% |5%-84%

(fatal Cases)98,99, 101,102,104,105

4,27.29-31,46,50,51,66,67.98,99,101,104,105
1%-15% o >

49%-129"719"

35%-959%""
3%_30%4,27,29,3 1,50,67,98,102,104,105

Cases)98,99,\0\,\04

7.9%8
8%-83% for severe

' 430,42,44,46-48,50,5 1 64,67.74.77
disease

)4,27,29,30,50,5 1,67,98,101,102,104,105

10-24 (overally #2547, 5_1 4 (fatal

NA

Bacterial: 5%-12% (overall)**’®
Viral: 14% (overall)*

2%-15% (US)> 22107588 499 (early stage in
the US)™
0%-30% (overal|)22—25,32‘37,40,76,\03

70%-100% (ICU patients)??2>:32323740.
159%-51% (fatal cases)'%*'%®

(094-8942%-32:354088

27%_47%22,24,32,40

67%»95%24'3237'40'76

| 3%_35%35,37,40.76. 108

12-22 (overall)*”*"; 3-8 (fatal cases)'**'%®

9-10%27%%>77; |8 (patients receiving IMV)™

9%-52% (overall)?**+2>3574041. ggoy

(patients receiving IMV)'%

APACHE, Acute Physiology and Chronic Health Evaluation; ARDS, acute respiratory distress syndrome; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary

disease; COVID-19, coronavirus disease 2019; CRRT, continuous renal replacement therapy; CT, computed tomography; ECMO, extracorporeal membrane oxygenation;

HFNC, high-flow nasal cannula oxygen therapy; ICU, intensive care unit; IMV, invasive mechanical ventilation; LOS, length of stay; NA, not applicable; NIMV, noninvasive
mechanical ventilation; OSA, obstructive sleep apnea; SOB, short of breath; SOFA, Sequential Organ Failure Assessment; US, United States.
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size ranged from 20 to 44,672 patients, with
over one-half of the studies including more
than 100 patients. Of the 92 studies, 28
[30%] analyzed a full cohort, and the other
studies included 1 or 2 subgroups of critically
ill patients with COVID-19. The definition of
what constituted critical illness varied in the
studies, characterized as patients admitted to
the ICU (23 studies [25%]),"**' severe
COVID-19 defined by Chinese guidelines
(25 studies [27%])**°° or American Thoracic
Society guidelines (3 studies [3%]1),°7°°
tients with organ injury or dysfunction (23
studies [25%]),"°”% and those who died of
COVID-19 (18 studies [20%]).””" """

pa-

Clinical Characteristics and Outcomes of
Critically Ill Patients With COVID-19

The main clinical characteristics and out-
comes from 52 studies of critically ill pa-
tients with COVID-19 are summarized in
Table 2 (not including laboratory findings).

Among those who died, it appears that those
in European countries’ '’ were older than
those in Asian countries.”®”%0110%10%105
Generally, the median/mean age of nonsurvi-
vors was higher compared with survivors in
Europe. The fatality rate of male patients was
significantly higher than that of females in
all studies. Males were more likely to have
organ injuries, experience progression to se-
vere status, and be admitted to the ICU in
almost all the studies. Two US studies re-
ported that race/ethnicity did not signifi-
cantly differ between nonsevere and severe
COVID-19 groups.”*" Studies found that
21% to 84% of critically ill patients had
development of neurologic symptoms
including central nervous system symp-
toms.””**%  This population often had
comorbidities, with 38% to 90% having at
least one coexisting condition. The preva-
lence of chronic obstructive pulmonary dis-
ease (20% to 21%7'° vs 2% to
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5%°10%10%) " diabetes (47% to 65%°'%° vs
18% to 35% % '°%'9%), chronic kidney dis-
ease (30% to 53%7'° vs 3% to
189%°8:99- 101102100 ancer  (15%  to
37975103 vs 206 to 7%5100-10210%) "o king
(34%7'" vs 8%’) among patients who
died in European countries or the United
States appears to be higher than in Asian
countries. Obesity’*”” and obstructive sleep
apnea,”**'% which were seldom reported
in Asian countries, are common among crit-
ically ill patients infected with SARS-CoV-2
in Western countries.

Most critically ill patients had abnormal-
ities on chest radiography or computed to-
mography (CT), characterized by bilateral
infiltrates and multiple ground-glass opaci-
ties. Computed tomography was frequently
performed for most patients with COVID-
19 in China (89%),”°" and 82% to 100%
of severe COVID-19 cases had evidence of
bilateral infiltrate pneumonia on chest
CT. 127 H0:5167.99.102 11y onrast, the United
States and European countries did not
perform CT initially during diagnosis but
preferred chest radiography instead, with
50% to 100% of critical patients having
radiographic ~ evidence  of  bilateral
infiltrates.”” 7% Xy et al™ found that
critically ill patients with COVID-19 more
commonly had involvement of 4 to 5 lobes
and particularly bilateral lower and upper
lobes on CT compared with the general pop-
ulation, with features of mostly patchy
ground-glass opacities in the peripheral
areas under the pleura with partial
consolidation.

Patients with severe COVID-19 had more
prominent laboratory abnormalities,
including lymphocytopenia and leuko-
penia,’” and exhibited a significant decrease
of T lymphocyte subset counts (CD3™,
CD4", CD8" T-cell markers), which was
associated with a higher risk of mortality.®*
Evidence of inflammatory cytokine abnor-
malities (tumor necrosis factor o, interleukin
[IL] 1, and IL-6) was notable,”> with
increased IL-6 recorded in 87% of severe
cases.”' The establishment of an inflamma-
tory state as evidenced by elevated C-reactive
protein (CRP) levels was also noted in 76%

to 100% of critically ill
patients,””°1020%5%19% and the median con-
centration of CRP was nearly 10-fold higher
than in mildly ill patients.®® Procalcitonin
elevation indicating an inflammatory
response was observed in 14% to 47% of pa-
tients with severe disease,””°"*°7 75% of
ICU patients,”” and 34% to 100% of nonsur-
vivors””?*'°! in Chinese studies but in only
25% of patients receiving invasive mechani-
cal ventilation (IMV) in the United States.”®
Dramatic elevation of D-dimer values was
found in 50% to 87% of critically ill patients
in China,*?°"%1%% 439 in the United
States,”® and more than 95% in France.>”

SARS-CoV-2 infection can cause sys-
temic inflammation, characterized as multi-
ple organ dysfunction and immune
dysfunction in critically ill patients.”’ Com-
mon complications observed in all severe
COVID-19 cases included acute respiratory
distress syndrome (ARDS), acute cardiac
injury, acute kidney injury, acute liver
injury, sepsis, and shock. The main cause
of death was respiratory failure,™>7>!0*107
The median time from the first symptoms
to ARDS was 7 to 9 days as reported in
China.”’”%%'%* Ruan et al'™* first reported
that the infection of SARS-CoV-2 might
cause fulminant myocarditis. A high rate of
cardiomyopathy (33%) and congestive heart
failure (43%) was also observed as a cardiac
complication of SARS-CoV-2 infection
among patients with critical illness in the
United States.”* A Portuguese study reported
that liver injury was prevalent in ICU pa-
tients but was generally transient and
nonsevere.’’

Notably, pulmonary embolism (PE) was
reported in 17% to 21% of ICU patients in
France.”””” Recently, several studies in
Europe have raised awareness of the
increased incidence of COVID-19—related
life-threatening thrombotic complications
in critically ill patients (up to 43%) despite
prophylactic anticoagulation, which was
seldom reported previously in
Asia 2798290 padients in Europe and
the United States had higher Acute Physi-
ology and Chronic Health Evaluation
(APACHE) 1I scores and Sequential Organ
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TABLE 3. Pharmacological Treatment for Critically Il Patients With COVID-19

Category Study design Conclusion
Antiviral Observational 44%-100% in Asia®?/?73146485051,6667.77.5859,101.10% 490 799% in the US™*/%%; 65%-100% in
Europe%'75
Lopinavir-ritonavir ~ RCT No benefit of lopinavir-ritonavir treatment in clinical improvement or reducing 28-day

Remdesivir

Hydroxychloroquine

Chloroquine
diphosphate

Antibacterial

Corticosteroid

Immunoglobulin

Interferon

2 RCTs; | prospective
observational study

Observational

RCT

Observational

Observational

Observational

Observational

mortality®”

Remdesivir did not provide significant clinical or antiviral effects in severe COVID-19°%

Remdesivir was superior to placebo in shortening the median time to recovery®

68% of severe COVID-19 patients treated with compassionate-use remdesivir had clinical
improvement in oxygen support status’’

89%-91% in the US™; 33% in France”

Treatment with hydroxychloroquine was not associated with significantly reduced in-hospital
mortality or intubation. Adverse events: abnormal ECG findings (27%), particularly
arrhythmia (16%) and QT prolongation (14%)""*

No apparent benefit of chloroquine was seen regarding lethality; the high dosage of
chloroquine (600 mg twice daily for 10 days) should not be recommended for critically ill
patients because of its association with more toxic effects and higher mortality™

43%-100% in China®52029485051,54,64,66,67.72,74.778487.9899,101,102,104.109. 7504 9% i1} the
US 9% 88%-100% in Europe’”””

. . 5 50,51,64, 4,77,84,98,99,101 | 5 .
33%-100% in Asia®2729-314648,5051,64,6667.73,74.77.849899,101,102,104,105, gor 9507 i the
US254076

|4%-76% in Asia?02-3!46/8.506466,67,7498,101,102
None reported in Europe or America
Early treatment with immunoglobulin reduced hospital and ICU LOS and 28-day mortality”*

22%-63% in Asia30,48,58,89,98, 102

COVID-19, coronavirus disease 2019; ECG, electrocardiographic; ICU, intensive care unit; LOS, length of stay; RCT, randomized clinical trial; US, United States.

190

Failure Assessment (SOFA) scores on 1ICU
admission””’ compared with China and
South Korea.”””””" The APACHE II score
was found to be independently associated
with hospital mortality and performed better
to predict mortality in patients with COVID-
19 than the SOFA score, and an APACHE II
score of 17 or greater served as an early
warning indicator of death.”” The CRB-65
(confusion, respiratory rate, blood pressure,
age 65 years and older) score was considered
better to identify patients with COVID-19 at
risk for intensive respiratory or vasopressor
support than the quick sepsis-related organ
failure assessment score.””

It appeared that patients in the United
States and Europe had a longer stay in the
ICU than patients in China (9 to 18
days*?>*>°"% ys 7 to 9 days™). There is
wide variability in case-fatality ratios among
critically ill patients, partially because of dif-
ferences in length of follow-up. For example,
in 2 studies, the reported mortality was 7%

and 8%, with 89% still hospitalized at the
time of data analysis.”"*" Feng et al’' re-
ported the mortality of critical cases was
41%, with 19% still in the hospital. A very
high mortality rate (50% to 67%) was re-
ported in mechanically ventilated patients
with COVID-19 in both China and the
United States,”"”>**** reaching up to 88%
among patients receiving IMV during the
initial pandemic in the United States.'”®

Treatment for Critically IUl Patients With
CoVID-19

High-flow nasal cannula oxygen therapy
(HFNC) and noninvasive mechanical venti-
lation (NIMV) were used frequently for pa-
tients in China, particularly with limited
resources early”*7 120 98 10% and also
during the initial stages of the pandemic in
the United States.’” Generally, however,
several US institutions adopted an early intu-
bation strategy with limited use of HFNC or
NIMV for respiratory failure,”’° which may
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have resulted in more critically ill patients
receiving IMV in the United States (71% to
100%)>**>2%% than in China (15% to
479%).72729°% The use of prone ventilation
was reported in ICU patients with COVID-
19 in China, Italy, and the United
States.”>* 7724019 Treatment with extra-
corporeal membrane oxygenation was used
among 5% to 15% of ICU patients with
COVID-19"7"29%5% and among 1% to
12% of patients who died of COVID-
19,3:98:99,101,104,105,109 13, 6 959% of mechan-
ically ventilated patients in the United States,
South Korea, and Portugal needed vaso-
pressor support,”*"**"* and up to 30% of
ICU patients across the world received
continuous renal replacement
therapy.””’'”>* Notably, a French study
found that a high incidence of circuit clot-
ting (97%) occurred among patients with
COVID-19—induced ARDS who received
continuous renal replacement therapy’’
(Table 2).

Characteristics of pharmacological treat-
ment for severe COVID-19 are displayed in
Table 3. Antivirals were provided to 44% to
100% of critically ill patients in Asia and
Europe, +27:29-31:3340.48.50.51,60.67.75,77.96.99,101,104
An early RCT found no benefit from lopinavir-
ritonavir treatment for clinical improvement or
reducing mortality.”” Three studies have
focused on the efficacy and safety of remdesivir
therapy among severely ill patients with
COVID-19.”*""% One early RCT in China
found that remdesivir did not provide signifi-
cant clinical or antiviral effects.”® Recently, how-
ever, preliminary results of an ongoing
multinational RCT showed that the 10-day
course of remdesivir was superior to placebo
in shortening the median time to recovery (11
vs 15 days) while adverse events did not in-
crease.”” A multinational prospective observa-
tion study also reported that 68% of patients
with severe COVID-19 treated with remdesivir
had clinical improvement in oxygen support sta-
tus.”” Of note, the United States did not rely on
the antiviral agent in the initial phases of the
pandemic (only in 4% to 29% of critical
cases"*%) " preferring hydroxychloroquine
in approximately 90% of critically ill patients
with COVID-19."%* Two observational studies

involving large samples in the United States
found that treatment with hydroxychloroquine
was not associated with reduced in-hospital
mortality or intubation.”””*  Furthermore,
adverse events among patients receiving
hydroxychloroquine were common, including
arrhythmia, QT prolongation, and even cardiac
arrest. It was reported that QTc intervals
increased by 93% in ICU patients after hydroxy-
chloroquine therapy.”' The phase 1Ib RCT of
chloroquine diphosphate in severe COVID-19
in Brazil found no improved mortality outcomes
from chloroquine.”

Despite no concurrent observed bacterial
infection,  antibacterial  therapy
widely used among patients with severe
COVID-19 in China (43% to
100%),+5:20:29,48,50,51,54,64,66,67,72,74,77,84,87,8,
99,10L,102,104.109 43 the United States (75% to
08%),"8% and also in Europe (88%
to 100%).”"" Currently, glucocorticoids
have been used empirically in 33% to 100%

. . 427,2031
of cases of severe COVID-19 in Asia.”"" ’
46,48,50,51,64,66,67,74,77,98,99,101,102,104,105 1,

was

appeared that US hospitals were less
likely to use corticosteroids, even in pa-

tients receiving IMV.*>*7° Studies re-
ported that methylprednisolone
treatment might be beneficial for

COVID-19 patients with ARDS by
reducing the risk of death,® and low-
dose methylprednisolone in severe cases
did not delay viral clearance.”” Immuno-
globulin is also commonly applied as an
adjuvant treatment in up to 75% of
critically ill cases in Asian
countries, 29-31:46.48,50,64,66,67,74,98,101,102

Early treatment with immunoglobulin
reduced hospital duration, ICU LOS,
and 28-day mortality.”* Other therapeu-
tic options under investigation include
the use of interferon’”?%%%:9%192 anq se-
lective cytokine blockade such as tocili-
zumab and antioxidant.”*-%*

Risk Factor Analysis

Of the 92 studies included, 31 explored risk
factors related to clinical prognosis using
multivariate methods, mainly with logistic
regression models (42%) and Cox propor-
tional hazards models (35%). In total, over
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50 risk factors were found to be associated
with disease severity or worse outcomes,
including factors related to demographic
characteristics, symptoms, comorbidities,
complications, laboratory results, chest im-
aging, severity scores assessment, and treat-
ment (Table 4). Among these studies,
advanced age (defined as >65 years in
most studies) was the most frequently iden-
tified independent factor (n=18), followed
by elevated lactate dehydrogenase (n=6),
male sex (n=5), hypoxia (n=>5), lymphope-
nia (n=>5) and presence of any comorbidity
(n=4), hypertension (n=4), and increased
CRP (n=4). Furthermore, antiviral treat-
ment (lopinavir-ritonavir, 200/50 mg, plus
hydroxychloroquine, 200 mg, twice a day)
was found to be one of the predictors for
lower odds of discharge from the hospital
for patients with COVID-19 in an Italian
study.”” Moreover, 6 clinical or laboratory
models were developed to predict COVID-
19 progression or in-hospital mortality in
China, and some of them were validated in
patients from centers (Table 4).7>00%8197

DISCUSSION
In this scoping review, we synthesized the
emerging global evidence on critically ill pa-
tients with COVID-19, specifically clinical
characteristics, treatment, and risk factors
associated with poor prognosis. This review
aimed to provide insights for effective man-
agement of severe COVID-19 and identify
gaps in knowledge to guide future research.
Some clinical findings were similar for all
regions—for example, the frequency of
ARDS. However, some of the findings
differed by region, likely due to different pa-
tient population characteristics, medical re-
sources, and management strategies. These
comparative analyses are helpful for front-
line health care professionals to guide our
understanding of the disease and what pa-
tient and population characteristics may be
more influential in determining clinical out-
comes, thereby guiding decision making
about care intensity.

Globally, older patients are more likely
to have progression to critical illness, which
may be associated with a higher frequency of

comorbidities or age-related immune
dysfunction resulting from low-grade
chronic inflammation.”” Most studies found
that male patients were more susceptible to
development of critical illness or death
than females, potentially because of the pro-
tection of the X chromosome and sex hor-
mones, which play an essential role in
innate and adaptive immunity.' "’

In our scoping review, 2 studies that
documented race and ethnicity in the United
States reported that race/ethnicity did not
relate to the severity of COVID-19.”%%% Of
note, outside the United States, how race
and ethnicity are classified differs from the
US approach, making assumptions from the
demographic data included in our scoping
review challenging and inconclusive. In
recent months, however, notable disparities
in outcomes for racial and ethnic minorities
in the United States and the United Kingdom
have become apparent when the information
has been accurately collected.''"""”

Clinical manifestations are similar in all
countries. Frontline clinicians should be
aware of the possible neurologic involve-
ment of SARS-CoV-2 in critically ill pa-
tients” % and some atypical
pulmonary symptoms such as gastrointes-
tinal manifestations, which may lead to diag-
nostic delay.” Of note, only 74% of patients
with refractory disease presented with fever
on admission (significantly lower than gen-
eral patients), and fever was found to be a
protective factor for recovery, suggesting
that patients with a slow or meager response
to the virus were more likely to have severe
disease.”” Elevated lactate dehydrogenase
levels and lymphopenia were frequently
identified as markers of severity. A meta-
analysis study supported these findings."’
These similar patterns of age or sex differ-
ences in COVID-19 severity or mortality
and similar clinical manifestations in various
countries allow us to map the global epide-
miology of the disease.

Notably, there is variation in coexisting
chronic medical conditions geographically,
indicating that prediction models from Asia
may not be reliable in the United States
and Europe where the impact of other risk

extra
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factors such as obesity on disease severity
should be thoroughly explored. For
example, when compared with multiple
Asian studies, European and US populations
receiving IMV were more likely to have
obesity,”® a risk factor for worse prognosis
in patients with COVID-19."'" Given the
prevalence of obesity and the association be-
tween obesity and decreased pulmonary
function, these findings are not surprising.

The presence of hypertension is thought
to be an independent risk factor for poor
prognosis.”*>°%" It is unclear if this associ-
ation is related to the pathogenesis of hyper-
tension or to antihypertensive treatment.
Angiotensin-converting enzyme inhibitors
(ACEIs) or angiotensin receptor blockers
(ARBs) were identified as being associated
with cardiac injury,”” but some other studies
found that long-term ACEI/ARB use was not
associated with worse outcomes.''>''® These
associations should be considered with
extreme caution because the studies’ results
have not been adjusted for age, comorbidities,
or other confounding variables. Currently,
clinical data support continuing to follow
existing professional society guidelines and
not discontinuing ACEIs/ARBs in the setting
of the COVID-19 pandemic.**"'"'®

Using the markers for early identification
of severe COVID-19 may help health care
professionals prioritize the need to provide
aggressive therapeutics and guide clinical
management. This issue is critically impor-
tant for risk stratification for optimal
resource allocation, particularly in settings
with limited critical care resources. Remark-
ably, several studies evaluating risk factors
used univariate analysis instead of multivar-
iate analysis, and thus the conclusions
should be interpreted with caution. A sys-
tematic review on risk factors for severe
COVID-19 was conducted, but all the
included studies were retrospective studies
from China and thus the findings cannot
necessarily be applied to patients world-
wide."” Unlike that work,"” this scoping re-
view includes high-quality studies that
evaluated potential risk factors of illness
severity or poor prognosis in multivariate
models.

The higher incidence of PE in critically
ill patients with COVID-19 in European
countries may be associated with the prev-
alence of obesity in the patient group.””
Increased D-dimer suggesting hypercoagu-
lability is a nonspecific biomarker in pa-
tients with COVID-19. In patients who
have limited disease but require supple-
mentary oxygen, an additional contrast-
enhanced CT should be performed to rule
out PE per the European Society of Radi-
ology and European Society of Thoracic
Imaging guidelines.''? Alternatively, if
the severity of respiratory failure cannot
be explained by the current unenhanced
CT findings, CT pulmonary angiography
should be considered (European Society
of Cardiology).'*’ Clinicians should recog-
nize that those with COVID-19 are a high-
risk population and therefore consider-
ation of early thromboprophylaxis is
essential.’”

The comparisons of clinical outcomes
should be interpreted with caution because
criteria for hospitalization, ICU admission,
discharge, and health care infrastructures
are likely to be different between countries.
The case to fatality ratios of severe COVID-
19 vary across regions and in different time
points, mainly because of differences in
testing approaches and capacity (in some re-
gions, patients with mild disease were not
tested, resulting in a higher case-fatality ra-
tio). Other contributors to outcome differ-
ences include characteristics of the health
care system infrastructure (mortality rates
were higher in health systems with fewer
medical resources and limited access to crit-
ical care resources), the impact of policies
changing over time (implementation of
physical distancing measures and testing
speed), accuracy in reporting total cases,
and mechanisms for representing mortality
from COVID-19 (in data that calculated the
mortality for mechanically ventilated pa-
tients from New York, the denominators
excluded people who were still in the ICU
on a ventilator'°®).

We should note that during the early
outbreaks in some regions such as Wuhan
and New York, inadequate capacity in the
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TABLE 4. Risk Factor Identification With Multivariate Analysis (31 Studies)®

Risk factor

Associated with:

No. of studies
and references

Demographic-related
Advanced age

Male

Symptom-related
Dyspnea
Hemoptysis
Unconsciousness
Anorexia on admission
Fever on admission
Hypoxia

Comorbidity-related

Presence of any comorbidity (not
specific)
No. of comorbidities
Hypertension
Diabetes
Cardiovascular disease (not specific)
Coronary heart disease
Chronic heart failure
Cardiac arrhythmia
Cerebrovascular disease
COPD
Chronic renal failure
Cancer
Smoking
Complication-related
ARDS
PE
Organ dysfunction (not specific)
Critical disease status
Laboratory-related

Leukocytosis
Lymphopenia

Decreased CD4 cell count
Neutrophilia

Neutrophil- lymphocyte ratio
Elevated CRP

Elevated procalcitonin
Elevated IL-6

Elevated AST

Direct bilirubin

Elevated troponin

Elevated CK-MB
Elevated LDH
Elevated D-dimer

. . b
Death; disease progression; unfavorable outcomes’;

development of ARDS; myocardial injury; lower odds of

hospital discharge
Death; disease progression; development of severe
respiratory failure; disease refractoriness

Death; development of critical illness

Development of critical illness

Development of critical illness

Disease refractoriness

A protective factor for disease refractoriness

Death; disease progression; SpO,-FiO, ratio negatively
correlated with the incidence of ARDS

Death; disease progression

Development of critical illness
Death; disease progression; myocardial injury
Unfavorable outcomes

Death

Death; myocardial injury
Death; myocardial injury
Death

Death

Death; myocardial injury
Myocardial injury
Development of critical illness
Death; unfavorable outcomes

Death

Invasive mechanical ventilation
Death; development of ARDS
Unfavorable outcomes

Unfavorable outcomes

Death; disease progression; higher lymphocyte count
associated with decreasing mortality

Disease progression

Death; development of ARDS; unfavorable outcomes

Disease progression

Death; development of critical illness; myocardial injury

Death

Disease progression

Death

Development of critical illness

Death; cardiac ejection fraction (TTE); unfavorable
outcomes

Death

Death; development of critical illness

Death; development of ARDS

| 85‘28‘43,54,55,59‘63‘65,68,72‘75‘8 1,84,93,94,97,99,109

555,63,85,89,99

368.72. 109

| 68

| 68

| 89

| 89

528,6 1,72,9397

28,54,63,81
4

| 68
443.55.60.97
|b9

| 106
394.97. 109
243,‘34
|94

| 109
343,94, 106
|43

| 68
259,94

| 106
|9O
284,93
|59

59
28,60,62.81,93
5

| 6l
359.84.97
263,68
443,60,65,97
| 109
252,56

297, 109
265,68
343,59,70

|43

665,68,75,8 1,93,97
5,84,97

3>
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TABLE 4. Continued

Risk factor

Associated with:

No. of studies
and references

Laboratory-related, continued

Serum amyloid A Disease progression 162
suPAR Development of severe respiratory failure 1%
Detectable serum SARS-CoV-2 viral Poor prognosis >
load
GFR Death; log hs-TnT was independently associated with 27O
estimated GFR
Higher BUN Disease progression 162
Lower albumin Disease progression 162
RDW Disease progression ¢
Imaging-related
Chest radiographic abnormality Development of critical illness |8
Visual or software quantification of Predictors of ICU admission or death: %V-WAL <73%; 1!
extent of CT lung abnormality %S-WAL <71%; VOLWAL <29 L
Severity score—related
High SOFA score Death 2
High APACHE Il score Death 2
Treatment-related
ACEI/ARB Log hs-TnT independently associated with the use of 170
ACEI/ARB
Antiviral treatment Lower odds of hospital discharge 17
Early time from illness onset to Improvement of prognosis 1>
antiviral treatment
Administration of hypnotics Protective effects on patient outcomes 1>
Predictive models
Host risk score Severe COVID-9: older age, male, presence of 1>
hypertension
Risk nomogram Severe COVID-19: older age, higher LDH, CRP, RDW, 1¢
DBIL, and BUN, and lower ALB
Clinical risk score (Web-based Development of critical illness: chest radiographic |69
calculator) abnormality, age, hemoptysis, dyspnea, unconsciousness,
number of comorbidities, cancer history, neutrophil-
lymphocyte ratio, lactate dehydrogenase, and direct
bilirubin
CALL score Disease progression: older age, comorbidity, lymphopenia, ©
and increased LDH (>500 U/L)
Clinical predictors In-hospital mortality: age, history of hypertension and 177
coronary heart disease
97

Laboratory predictors

In-hospital mortality: age, hs-CRP, SpO,, neutrophil and
lymphocyte count, D-dimer, AST and GFR

?ACEl, angiotensin-converting enzyme inhibitor; ALB, albumin; APACHE, Acute Physiology and Chronic Health Evaluation; ARB, angiotensin receptor blocker; ARDS, acute
respiratory distress syndrome; AST, aspartate aminotransferase; BUN, serum urea nitrogen; CALL, comorbidity, age, lymphocytes, and lactate dehydrogenase; CK-MB,
creatine kinase myocardial band; COPD, chronic obstructive pulmonary disease; COVID- 19, coronavirus disease 2019; CRP, C-reactive protein; CT, computed tomog-
raphy; DBIL, direct bilirubin; FIO,, fraction of inspired oxygen; GFR, glomerular filtration rate; hs-CRP, high-sensitivity CRP; hs-TnT, high-sensitivity troponin T; ICU, intensive
care unit; IL-6, interleukin 6; LDH, lactate dehydrogenase; PE, pulmonary embolism; RDW, coefficient of variation of red blood cell distribution width; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; SOFA, Sequential Organ Failure Assessment; SpO,, peripheral capillary oxygen saturation; suPAR, soluble urokinase plasminogen
activator receptor; %S-WAL, software-based assessment of well-aerated lung percentage; TTE, transthoracic echocardiogram; VOLWAL, open-source software assessment
of well-aerated lung absolute volume; %V-WAL, visual assessment of well-aerated lung percentage.

®Unfavorable clinical outcome included death, progression, and/or maintenance of severity status.

€SI conversion factor: To convert LDH value to pkat/L, multiply by 0.0167.
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health system may have contributed to the
high rate of mortality of mechanically venti-
lated patients. In South Korea where medical
resources were adequate with a small
outbreak, it was observed that 30-day mor-
tality in mechanically ventilated patients
with COVID-19 was 25%, similar to those
with seasonal influenza—related respiratory
failure.! Additionally, patients in the United
States and Europe appeared to be older, and
sicker as indicated by higher APACHE II and
SOFA scores, and had longer ICU LOS than
Asian patients, and these factors may have
contributed to the higher mortality.

Management of acute respiratory failure
is key to the treatment of seriously ill pa-
tients. Studies from China revealed that for
patients with ARDS or extensive pulmonary
effusion on CT, HFNC or NIMV was recom-
mended to maintain positive end-expiratory
pressure and prevent alveolar collapse even
among patients who did not have refractory
hypoxemia.'?" As recent data from the inter-
national VIRUS COVID-19 Registry indi-
cates,'”” neither HFNC nor NIMV (15%
and 11% of hospitalized patients, respec-
tively) were adopted frequently in the other
17 countries. Currently, however, there is
still no evidence that patients would benefit
more from NIMV or an early intubation
strategy. Experience from both China and
the United States has revealed that prone
positioning improved oxygenation and pul-
monary  heterogeneity  for = COVID-
19—induced respiratory failure compared
with the supine position. "'’

Clinical trials of antiviral agents evalu-
ating efficacy and safety are ongoing. The
very first RCT of remdesivir did not find
any significant benefit.”® However, this trial
was terminated early and thus was statisti-
cally underpowered. Recent evidence from
multicountry trials has shown the efficacy
of remdesivir for shortening the time to re-
covery and improving oxygen support sta-
tus.””®>  The US Food and Drug
Administration has issued an emergency
use authorization (EUA) for remdesivir to
treat COVID-19 in adults and children hos-
pitalized with severe disease.'”” On March

30, 2020, when clinical trials were

unavailable, the Food and Drug Administra-
tion issued an EUA for chloroquine and
hydroxychloroquine in hospitalized patients.
However, due to the lack of evidence of clin-
ical efficacy combined with serious toxic
adverse effects in RCTs,”>'*" this EUA was
revoked on June 15, 2020.

The use of corticosteroids to reduce
possible immune-mediated organ damage re-
mains controversial because higher doses
were associated with a higher subsequent
plasma viral load in patients with severe
acute respiratory syndrome'”’ Although
observational studies in China revealed po-
tential benefits of corticosteroids for patients
with COVID-19,”"** they must be carefully
balanced against the risks. The United States
and Europe did not adopt corticosteroids as
often as China. Fortunately, a preliminary,
unpublished analysis from a multicenter
RCT in the United Kingdom revealed that
dexamethasone (6 mg once per day) reduced
mortality by up to one-third in hospitalized
patients with severe respiratory complica-
tions of COVID-19."*°

Globally, very few studies mentioned a
specific indication for the use of antibiotics,
and rates of secondary bacterial infections
reported in severe COVID-19 appear to be
low. H2H2996.50.5L6476 However  the use of
broad-spectrum antimicrobial therapy was
widely reported. The frequent prescription
of empirical antimicrobials in patients with
COVID-19 is worrisome because of potential
increasing bacterial resistance. Additionally,
there were no differences in mortality among
those who did or did not receive antimicro-
bial drugs.'’

Study Strengths and Limitations

To our knowledge, this is the first scoping
review focusing on critically ill patients
with COVID-19 mapping the clinical charac-
teristics, treatment, and risk factors associ-
ated with prognosis. At the beginning of
the study, we consulted with a specialist
librarian and confirmed that the World
Health Organization and LitCovid databases
on COVID-19 were appropriate to capture
the breadth of research on this novel topic.
Furthermore, we focused on journals with
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an IF of 5 or higher so we could quickly re-
view and synthesize high-quality studies.

This review also has some limitations.
First, it is possible that the use of additional
literature databases, the involvement of jour-
nals with IFs of 5 or lower, and articles pub-
lished in non-English sources would have
yielded relevant articles, giving us a more
comprehensive understanding of critically
ill patients with COVID-19. Second, a major-
ity of patients with COVID-19 were still hos-
pitalized at the end point of studies,
potentially causing inaccurate clinical out-
comes and underestimating mortality. Third,
many of the included studies were observa-
tional in nature, which may limit inferences
that can be drawn from their findings.
Fourth, disparities in outcomes for racial
and ethnic minorities were not apparent
based on our work, although this issue has
become a fundamental aspect of critical
illness outcomes in the United States.'”"'**
Fifth, the vast differences in societal struc-
tures, health care systems, and policies
made a globally valid report challenging
given that those with the worst performance
were also likely to contribute the least pub-
lished data. As COVID-19 continues to
spread globally, the epidemiology as well as
mortality and morbidity outcomes may be
changing based on improved management
strategies and our understanding.

Research Gap and Future Directions

Our review revealed several gaps in our
knowledge of COVID-19 within critical
illness.

Hypertension has been identified as a
host risk factor for severe COVID-19 infec-
tion. However, the conflicting findings about
associations between ACEI/ARB use with
clinical outcomes and the relationship be-
tween hypertension and the involvement of
the renin-angiotensin system in the patho-
genesis of the disease’ call for further
research to explore the relevant pathways
and clarify mechanisms in order to accu-
rately inform our understanding of individ-
ual risk and guide antihypertension
treatment during the COVID-19 pandemic.

Most of the studies reporting PE used
prophylactic anticoagulation,”””’ but the
development of life-threatening thrombotic
complications was still frequent, indicating
the hypercoagulation status of critically ill
patients and highlighting the need to modify
dosing of antithrombotic agents in high-risk
patients with SARS-Cov-2 infection. Large-
scale clinical data on COVID-19—related
PE frequency and optimal management stra-
tegies are needed.

There is an urgent need to fund scientific
investments into advancing novel therapeu-
tic interventions for SARS-CoV-2 infections.
Promising signals from observational data
must be rigorously confirmed in high-
quality RCTs. Some studies have suggested
that COVID-19 severity might be due to
virus-activated  inflammatory = cytokine
abnormalities,”*”””*°" leading to organ in-
juries. In the future, large-scale collaborative
clinical studies, proof-of-mechanism studies,
and autopsy studies are needed to better un-
derstand organ injuries. In the meantime,
whether anticytokine therapies or immuno-
modulators such as IL-6 receptor blockers
(eg, tocilizumab and sarilumab) to control
overactive cytokine responses could be effec-
tive therapeutic drugs for COVID-19 re-
quires further exploration.’”'*” Given that
a multicenter RCT found that early antiviral
therapy combined with interferon beta-1b
was superior to antiviral drugs alone in
shortening the duration of viral shedding
and hospital stay in patients with nonsevere
COVID-19,°° future studies should also
consider focusing on the role of interferon
in treatment. Additionally, whether critically
ill patients with COVID-19 can benefit from
antibiotic therapy still needs to be confirmed
by well-designed prospective studies with
sufficient follow-up duration.

The established predictive
models,””°>°%97 although validated in
different populations, were all limited to
some specific region or country, and thus
there is uncertainty about the generaliz-
ability of the risk scores to other areas of
the world. Further verification is required
in populations in other regions and should
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be adjusted by specific demographic risk
factors.

CONCLUSION

In this scoping review, we assessed the cur-
rent evidence related to critically ill patients
with COVID-19 to summarize the clinical
manifestations, management, and risk fac-
tors associated with poor prognosis to
inform clinicians and identify future
research directions. Some early clinical
research findings from China and Europe
can be applied to US practice; however, there
are notable differences in coexisting chronic
disease, complications, and intervention
strategies geographically as well as the appli-
cation of predictive models. In the future, it
would be useful to consider large adaptive
platform trials to pool data for demon-

strating efficacy and safety for mnovel
treatments.
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