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Key Events in the Early Coronavirus Disease 2019 (COVID-19) Pandemic

Cases per day
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Dec 31: China alerts WHO Jan 13: First confirmed  Feb 2: First confirmed

on a cluster of cases of case outside of China death outside China

pneumonia with unknown  (Thailand) in a traveler  (Philippines) of a Chinese

cause in Wuhan who has visited Wuhan man from Wuhan

Jan 7: WHO officials Jan 30: WHO declares coronavirus a Feb 11: WHO announces
announce they have global emergency with cases reported that the new disease
identified a new in US, Japan, Mepal, France, Australia, caused by SARS-CoV-2
coronavirus initially Malaysia, Singapore, South Korea, is named "COVID-19"
named 2019-nCoV Vietnam, and Taiwan

Feb 14: Egypt first country in Africa June 29: No. of global
to report a case and France reports reported COVID-19 cases
Europe’s first death from the virus exceeds 10 million

JAMA. doi:10.1001/jama.202012839

Published online July 10. 2020
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Radiological findings of COVID

A, Transverse thin-section computed tomographic scan of a 76-year-old man,

5 days after symptom onset, showing subpleural ground-glass opacity and
consolidation with subpleural sparing. B, Transverse thin-section computed
tomographic scan of a 76-year-old man, 21 days after symptom onsat, showing
bilateral and peripheral predominant consolidation, ground-glass with
reticulation, and bronchedilatation. C, Pathological manifestations of lung tissue

JAMA. doi:10.1001/jama.202012839
Published online July 10, 2020.



Immunopathogenesief COVIEL9 (1)

[A] SARS-CoV-2 viral infection of host airway cells

receptor
TMPRSS2 ,r\,*./

&a TMPRSS2 activates viral S protein and
- cleaves ACE2 receptor to facilitate Virus enters host cell via endocytosis,
viral binding to host cell membrane. releases its RNA, and uses cell machinery

One infected host cell can create
hundreds of new virions, rapidly
progressing infection.

to replicate itself and assemble more virions.
HOST AIRWAY CELL

Early-stage COVID-19

Bronchial epithelial cells, type | and type Il alveolar e 3
pneumocytes, and capillary endothelial cells are ALVEOLAR LUMEN [ ‘ Neutrophil
infected, and an inflammatory response ensues. MOnGEVte

Infected
type Il pneumocyte
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virus release o
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JAMA. doi:10.1001/jama.202012839
Published online July 10. 2020



Immunopathogenesief COVIEL9 (2)

[€] Late-stage COVID-19

Continued inflammatory response results in
alveolar interstitial thickening, increased [}
vascular permeability, and edema.

0 . ) \\ g

Increased Jro-
Thickened Pulmonary edema lemphocyteapoétosns KD

N \ interstitium . o o)

Hyaline membrane 3

formation

Influx of monocytes
and neutrophils

Activation of the kinin-kallikrein system
can further contribute to local vascular =

leakage leading to angioedemal e

JAMA. doi:10.1001/jama.202012839
Published online July 10. 2020
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Immunosuppression
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Immunologicalandscape
INn Sepsis and COVID

Polymicrobiakepsis

/ ‘\\
'\ « Robust cytokine storm
\ - Persistent TIL-6 and IL-8
‘\ * MDSC expansion

Vet \‘\.\_ T Insidious late death

»

« Progressive lymphopenia "
Recovery « JHLA-DR
£ Secondary infections  TsPD-12

I 1

w

Inflammation

Immunosuppression

COVIBLY9

= Modcrate cytokine storm
» TIL-6 at 2-3 weeks
» Hypoxia or MOF

Florid inpatient death

e »
« Early, severe lymphopenia
» Uncontrolled viraemia
- = Secondary pneumonia
1 -1
14 28

Time (days)

Figure: Immunological landscape in polymicrobial sepsis (A) and COVID-19 (B)
Bullet points refer to the symptoms seen throughout disease progression.
MOF=multiorgan failure. COVID-19=coronavirus disease 19. MDSC=myeloid-
derived suppressor cells. HLA-DR=human leukocyte antigen-DR. sPD-L1=soluble

programmed cell death protein 1.

Lancet Respir Med 2020 Published Online April 28, 2020



Cytokine release syndrome in severe COVID-19

Lessons from arthritis and cell therapy in cancer patients point to therapy for severe disease

Monocyte

e , h
IL-10, ferritin, TNF-ce © .
J
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) o o Aoo"'
AN
t | )

Cis signaling Trans signaling

Lymphocyte
Endothelial
cell 8)
Cytokine release syndrome 1 3
| Lymphocyte changes I Blood vessels Liver |
t 7,17 differentiation 1t VEGF Vascular permeability 1CRP 1TPO
t T, differentiation tMCP-1 Monocyte recruitment tSerumamyloidA t1C3
t CD&* cytotoxic T cells tiL-8 == Neutrophil recruitment tHepcidin tFerritin
t Activated B cell tIL-6 Signal amplification 1 Fibrinogen 4 Albumin
differentiation VE-cadherin  Vascular leak

4 T, development

C3, complernent 3; CRP, C reactive protein; IFN-v, interferon—y; IFMGR, IFMN-y receptar; IL, interleukin; IL-6R, IL-6 receptor; JAK, Janus kinase; MCP-L,
monocyte chemoat tractant protein-1; STAT3, signal transducer and activator of transcription 3; T, T follicular helper cell; T 17, T helper 17 cell;

TNF-a, tumor necrosis factor—a; TLR, Toll-like receptor; TPO, thrombopoietin T ., Tregulatory cell; VEGF, vascular endothelial growth factor. SE-I EN c El 1 MAY 2020 « VOL 368 [SSUE 6450



Cytokine Releas8/ndrome
In severeCOVIEL9 (1)
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@ i type 1 cells (AEC1)

i

H

Alveolar epithelial

= ‘ type 2 cells (AEC2)
@.o& ¥ Q -3 {Q ype 2 cells

@\:\.«:{? Q o «3 Granulocyte
' < Q ‘ i-ﬁS) Macrophage
¥, ¥ (3 ® ® e acE
# | e

SARS-CoV-2

)2
‘l, € Lymphocyte
‘ “/”gi Alveolus Q & Dendritic cell

) égf;] ﬁ Q ~ 4 ;@ Erythrocyte
® ; o

" ¥ Monocyte
& ) | & e e IL-6 and other cytokines

Fig. 1. Possible mechanism of cytokine release syndrome in severe coronavirus disease 2019 (COVID-19) patients. Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infects alveolar epithelial cells [mainly alveolar epithelial type 2 (AEC2) cells] through the angiotensin-converting enzyme 2 (ACE2) receptor. Destruction of epithelial
cells and the increase of cell permeability lead to release of the virus. SARS-CoV-2 activates the innate immune system; macrophages and other innate immune cells not
only capture the virus but also release a large number of cytokines and chemokines, including interleukin-6 (IL-6). Adaptive immunity is also activated by antigen-presenting
cells (mainly dendritic cells). T- and B-cells not only play an antiviral role but also directly or indirectly promote the secretion of inflammatory cytokines. In addition, under
the stimulation of inflammatory factors, a large number of inflammatory exudates and erythrocytes enter the alveoli, resulting in dyspnoea and respiratory failure.

International Journal of Antimicrobial Agents 55 (2020)



CytokineRelease Syndrome
In severe COVHDI (2)

/DB lymphocytes: proliferate \ T cells
differentiate and produce antibodies Endothelial cells
(2T cells: induce CTL activity Fibroblasts
(3)Liver: acute phase reactive protein Macrophages
(@) Hematopoietic stem cells: growth Monocytes
differentiation 475- . |

“\ctc.

(1) CRS: Key molecules
(2 Atherosclerosis: atherosclerotic

gpl30

plaque IL-6R

(3)Leukemia: proliferation and

differentiation of tumor cells
(@Hypertension: constriction of
blood vessels

(5)COPD: mediates airway
inflammation and remodeling B cells
(6)Participate in many malignant T cells
tumors pancreatic cancer, gastric Neutrophils
cancer efc. Eosinophils.

w. / Basophils

Fig. 2. Brief introduction to interleukin-6 (IL-6). CTL, cytotoxic T lymphocyte; CRS, cytokine release syndrome; COPD, chronic obstructive pulmonary disease; gp130, glyco-
protein 130; IL-6R, interleukin-6 receptor.

International Journal of Antimicrobial Agents 55 (2020



Selected Candidate Therapies for
COVIBL9

Antiviral agent
A Chloroquine

A
A
A

_opinavirRitonavir

Remdesivir

Immune-basedagents
A Convalescent plasma
Hydroxychloroquine A Glucocorticoid

Al
Al

A

-1 inhibitors
-6 Inhibitors

AK Inhibitors

This article was published on May 15,
2020, at NE]M.org.



Main targets of the drug therapies

SARS-CoV-2

»
& o © . o
L. -6
MACROPHAGE 4 ” © Receptor

ACE Receptor

e

Tocilizumab -

v Prevents IL-6 e

= receptor activation L
. W Membrane Fusion v Inhibits IL-6 Te——
and endocytosis \ signaling cascade

- ~
= : Chloroquine
rbido Hydroxychloroquine
¥ Inhibits ACE ) v Inhibits viral
Fecepto‘r/s Protein endocytosis through j
interaction different mechanisms of 3
¥ Inhibits action + immunomodulation
membrane fusion h
[*]
b

Lopinavir
¥ Inhibits 3-
ncoating
/ - chymotrypsinlike

protease

NONSTRUCTURAL RNA-DEPENDENT /
s POLYPEPTIDES s PROTEINS —_—
RNA-POLYMERASE
Translation Proteolysis RNA
Remdesivir |
Favipiravir
v Inhibits viral RNA-
dependent RNA-
polymerase

European Journal of Phammacology 882 (2020) 173328



Table 1. Selected Candidate Therapies for Coronavirus Disease 2019 (Covid-19).*

Class Availability Rationale Clinical Data

Antiviral agents

Chloroquine FDA-approved for extraintestinal amoebiasis, ma-  In vitro activity against SARS- Limited: small randomized trial showed limited benefit*®; small trial
laria; F DA emergency-use authorization from CoV-2M

stopped early because of increased mortality with higher dose;

Strategic National Stockpile for certain hospital- randomized, controlled trials in progress

ized patients with Covid-19

Hydroxychloroquine FDA-approved for lupus, malaria, rheumatoid ar- In vitro activity against SARS-
thritis; FDA emergency-use authorization from CoV-2¥
Strategic National Stockpile for certain hospital-
ized patients with Covid-19

Lopinavir-ritonavir FDA-approved for HIV infection In vitro activity against SARS-
52

Limited: small randomized trials and retrospective case series with

inconsistent results***; randomized, controlled trials in prog-
ress

Small randomized clinical trial failed to show clinical benefit™; other

Remdesivir Investigational; FDA emergency-use authorization  In vitro activity against SARS-
for hospitalized patients with severe Covid-19; CoV-2#
compassionate-use program for pregnant
women and children with severe Covid-19;
expanded-access program for persons unable
to participate in clinical trials (ClinicalTrials.gov

Small, single-group, uncontrolled study showed clinical benefit in
a majority of patients®; underenrolled and underpowered ran-
domized, placebo-controlled trial involving hospitalized patients
showed no significant differences in clinical or virologic out-
comes™; randomized, placebo-controlled trial involving hospital-
ized patients showed faster time to recovery with remdesivir®;

Immune-based agents
BTK inhibitors (acalabruti-  FDA-approved for some hematologic cancers Immunomodulation-targeting  Clinical trials in progress
nib, ibrutinib, rilzabru- cytokines
tinib)
Convalescent plasma Investigational; FDA single-patient emergency IND; Use in other viral illnesses, Limited: small, uncontrolled cohort studies suggested benefit,
expanded-access program for persons ineligible including HIN1 influenza, butconfirmation required®*; randomized, controlled trials in
- e . 0 o ]

Glucocorticoids FDA-approved for multiple indications Broad immunomeodulation Limited: retrospective, nonrandomized cohort study showed as-

sociation with lower mortality among patients with severe
Covid-19 and ARDS,* but concern for survivor treatment bias;

randomized clinical trials involving patients with influenza,
MERS, or SARS did not show benefit and suggested possible

58-60

Interleukin-1 inhibitors FDA-approved for some autoimmune diseases Immunomodulation; activity Clinical trials in progress
(anakinra, canakinumab) in macrophage activation
syndrome
Interleukin-6 inhibitors FDA-approved for some autoimmune diseases and Immunomodulation; activity in  Limited: in a small cohort study, a majority of patients who received

(sarilumab, siltuximab, cytokine release syndrome (tocilizumab)

cytokine release syndrome siltuximab had an improved or stabilized condition®; random-
tocilizumab)

ized, controlled trials in progress
JAK inhibitors (baricitinib, =~ FDA-approved for rheumatoid arthritis (baricitinib) Broad immunomedulation
ruxclitinib) and myelofibrosis and polycythemia vera (rux-
olitinib)

Clinical trials in progress

* Selected references are provided for rationale and clinical data. ARDS denoctes acute respiratory distress syndrome, BTK Bruton's fvracina kinaca FNA Fand and Nria Adminictration
HIV hurman immunodeficiency virus, IND investigational new drug, JAK Janus kinase, MERS Middle East respiratory syndrome = . H
CoV-2 severe acute respiratory syndrome coronavirus 2. This article was pUbhEhEd on ME}" 15?

2020, at NE]M.org.
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Remdesivir for the Treatment of Covid-19
— Preliminary Report

J.H. Beigel, K.M. Tomashek, L.E. Dodd, A.K. Mehta, B.S. Zingman, A.C. Kalil,
E. Hohmann, H.Y. Chu, A. Luetkemeyer, S. Kline, D. Lopez de Castilla,
R.W. Finberg, K. Dierberg, V. Tapson, L. Hsieh, T.F. Patterson, R. Paredes,
D.A. Sweeney, W.R. Short, G. Touloumi, D.C. Lye, N. Ohmagari, M. Oh,
G.M. Ruiz-Palacios, T. Benfield, G. Fatkenheuer, M.G. Kortepeter, R.L. Atmar,
C.B. Creech, J. Lundgren, A.G. Babiker, S. Pett, J.D. Neaton, T.H. Burgess,
T. Bonnett, M. Green, M. Makowski, A. Osinusi, S. Nayak, and H.C. Lane,
for the ACTT-1 Study Group Members*

This article was published on May 22,
2020, at NEJM.org.



METHODS
We conducted a double-blind, randomized, placebo-controlled trial of intravenous
remdesivir in adults hospitalized with Covid-19 with evidence of lower respiratory
tract involvement. Patients were randomly assigned to receive either remdesivir
(200 mg loading dose on day 1, followed by 100 mg daily for up to 9 additional
days) or placebo for up to 10 days. The primary outcome was the time to recovery,
defined by either discharge from the hospital or hospitalization for infection-
control purposes only.

RESULTS
A total of 1063 patients underwent randomization. The data and safety monitoring
board recommended early unblinding of the results on the basis of findings from
an analysis that showed shortened time to recovery in the remdesivir group. Pre-
liminary results from the 1059 patients (538 assigned to remdesivir and 521 to
placebo) with data available after randomization indicated that those who received
remdesivir had a median recovery time of 11 days (95% confidence interval [CI],
9 to 12), as compared with 15 days (95% CI, 13 to 19) in those who received pla-
cebo (rate ratio for recovery, 1.32; 95% CI, 1.12 to 1.55; P<0.001). The Kaplan-
Meier estimates of mortality by 14 days were 7.1% with remdesivir and 11.9% with
placebo (hazard ratio for death, 0.70; 95% CI, 0.47 to 1.04). Serious adverse events
were reported for 114 of the 541 patients in the remdesivir group who underwent
randomization (21.1%) and 141 of the 522 patients in the placebo group who un-
derwent randomization (27.0%).

CONCLUSIONS
Remdesivir was superior to placebo in shortening the time to recovery in adults
hospitalized with Covid-19 and evidence of lower respiratory tract infection.
(Funded by the National Institute of Allergy and Infectious Diseases and others;

ACCT-1 ClinicaITrials.gov number, NCT04280705.) This article was published on May 22,
2020, at NEJM.org.



A Overall

B Patients Not Receiving Oxygen

1.00- 1.00= Remdesivir
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E Patients Receiving Mechanical Ventilation or ECMO
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This article was published on May 22,
2020, at NEJM.org.



Table 2. Outcomes Overall and According to Score on the Ordinal Scale in the Intention-to-Treat Population.*

Recovery

MNo. of recoveries

Placebo
(N=521)

Remdesivir
(N=538)

334 273

Median time to recovery
(95% Cl) — days

Rate ratio (95% CI) 7T

11(9-12) 15 (13-19)

1.32 (1.12-1.55 [P<0.001])

Mortality
Hazard ratio (95% Cl)
No. of deaths by day 14

Kaplan—Meier estimate

— % (95% Cl)

0.70 (0.47-1.04)
32 54

7.1 11.9
(50-99)  (9.2-15.4)

Ordinal score at day 15 (+2 days) —

no. (%)

Patients with baseline and
day 15 score data — no.

G0 ~ o b s W g

Odds ratio (95% Cl)

410

76 (18.5)
127 (31.0)

6 (1.5)

20 (4.9)

40 (9.8)

14 (3.4)

72 (17.6)

33 (7.6) 55 (13.4)
1.50 (1.18-1.91 [P=0.001])

4
Remdesivir Placebo
(N=67) (N=60)
61 47
5 (4-6) 6 (4-8)

1.38 (0.94-2.03)

0.46 (0.04-5.08)

1 1
L5 2.5
(0.2-10.1)  (0.4-16.5)
60 51
22 (36.7) 15 (29.4)
25 (41.7) 21 (41.2)
7 (11.7) 4(78)
1(17) 3 (5.9)
3 (5.0) 5 (9.8)
1(17) 0(0)
0 (0) 2(3.9)
1(17) 1(2.0)

1.51 (0.76-3.00)

Ordinal Score at Baseline

5
Remdesivir Placebo
(N=222) (N=199)
177 128
7 (6-8) 9 (7-11)

147 (1.17-1.84)

0.22 (0.08-0.58)

4 19
2.4 10.9
(09-64)  (7.1-16.7)
196 161
54 (27.6) 45 (28.0)
95 (48.5) 66 (41.0)
4 (2.0) 2 (1.2)
12 (6.1) 7 (4.3)
14 (7.1) 6 (3.7)
1(0.5) 3(1.9)
12 (6.1) 12 (7.5)
4 (2.0) 20 (12.4)

1.31 (0.89-1.92)

6
Remdesivir Placebo
(N =98) (N =99)
47 43
16 (NE- 10) 22 (NE- 12)

1.20 (0.79-1.81)

1.12 (0.53-2.38)
13 13

15.2 14.7
(9.0-25.0)  (8.7-24.3)

71 77
13 (18.3) 7(9.1)
28 (39.4) 27 (35.1)
0 0
4 (5.6) 4(5.2)
2 (2.8) 7(9.1)
6 (8.5) 6 (7.8)
5 (7.0) 13 (16.9)
13 (18.3) 13 (16.9)

1.60 (0.89-2.86)

7
Remdesivir Placebo
(N=125) (N=147)
45 51
NE-NE 28 (NE-22)

0.95 (0.64-1.42)

1.06 (0.59-1.92)

13 19
113 14.1
(67-18.8)  (9.2-21.2)
101 115
10 (9.9) 8 (7.0)
6 (5.9) 10 (8.7)
0 0
6(5.9) 6(5.2)
15 (14.9) 22 (19.1)
7 (6.9) 5 (4.3)
43 (42.6) 45 (39.1)
14 (13.9) 19 (16.5)

1.04 (0.64-1.68)

This article was published on May 22,
2020, at NEJM.org.




No. of
Subgroup Patients Recovery Rate Ratio (95% Cl)
All patients 1059 | —— 1.32 (1.12-1.55)
Geographic regjon H
North America 844 I e 1.33 (1.11-1.59)
Europe 163 — 2 1 T40 (0.00-2.18)
Asia 52 ' —e i 1.20 (0.65-2.22)
Race ,
White 563 P ——— 1.39 (1.12-1.73)
Black 219 k — | 1.14 (0.81-1.61)
Asian 134 | : 1 1.04 (0.68-1.57)
Other 143 H I | 1.89 (1.15-3.10)
Ethnic group i
Hispanic or Latino 247 — . i 1.23 (0.88-1.72)
Not Hispanic or Latino 748 E —— 1.33 (1.10-1.61)
Age H
18 to <40 yr 119 i : . 1 2.03 (1.31-3.15)
40 to <65 yr 558 1 1.16 (0.94-1.44)
=65 yr 382 i - | 1.37 (1.02-1.83)
Sex ,
Male 682 P ——— 1.31 (1.07-1.59)
Female 377 vl | 1.33 (1.05-1.81)
Symptoms duration i
<10 days 664 p———— 1.28 (1.05-1.57)
>10 days 380 A - 1 1.38 (1.05-1.81)
Baseline ordinal score H
trotreecivingonygen) 2 : el el
5 (receiving oxygen) 421 H i | 1.47 (1.17-1.84)
B ([ECeIvINg Tgn-ToW OXygen or 97 =;ﬁ TZ0 0.0 L.o1)
noninvasive mechanical ventilation) :
7 (receiving mechanical ventilation or ECMO) 272 } - 1 0.95 (0.64-1.42)
0[5 1!0 2?0 3.|0 4.|0
Placebo Better Remdesivir Better
Figure 3. Time to Recovery According to Subgroup.
The widths of the confidence intervals have not been adjusted for multiplicity and therefore cannot be used to infer treatment effects.
Race and ethnic group were reported by the patients.

This article was published on May 22,

2020, at NEJM.org.



Conclusions

A Remdesiviwas superior to placebo in
shortening the time to recovemn adults
hospitalizeawith COVIEL9 patients and
evidence of lower respiratory tract infection.

This article was published on May 22,
2020, at NEJM.org.
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ORIGINAL ARTICLE

Dexamethasone in Hospitalized Patients
with Covid-19 — Preliminary Report

The RECOVERY Collaborative Group*

BACKGROUND

Coronavirus disease 2019 (Covid-19) is associated with diffuse lung damage. Gluco-
corticoids may modulate inflammation-mediated lung injury and thereby reduce
progression to respiratory failure and death.

METHODS
In this controlled, open-label trial comparing a range of possible treatments in
patients who were hospitalized with Covid-19, we randomly assigned patients to
receive oral or intravenous dexamethasone (at a dose of 6 mg once daily) for up to
10 days or to receive usual care alone. The primary outcome was 28-day mortality.
Here, we report the preliminary results of this comparison.

This article was published on July 17,
2020, at NEJM.org.



11,303 Patients were recruited

1948 Were excluded (could have =1 reason)
357 (3%) Did not have dexamethasone
— available
1707 (15%) Were not considered suitable
for randomization to dexamethasone

'

9355 (839%) Underwent randomization
between dexamethasone and
other treatments

2930 Were assigned to receive other active
treatment

—_—

'

6425 (57%) Underwent randomization
between dexamethasone and usual
care alone

L

J

2104 (100%) Were assigned to receive dexa-
methasone
1975/2079 (95%) Received dexamethasone

4321 (100%) Were assigned to receive usual
care alone
336/4278 (8%) Received dexamethasone

1 Withdrew consent -

L

- & Withdrew consent

J

95 (4.5%) Proceeded to second
randomization

276 (6.4%) Proceeded to second
randomization

2104 (100%) Were included in the 28-day
intention-to-treat analysis

4321 (100%) Were included in the 28-day
intention-to-treat analysis

This article was published on July 17,

2020, at NEJM.org.



Table 1. Characteristics of the Patients at Baseline, According to Treatment Assignment and Level of Respiratory Support.*
Respiratory Support Received
Characteristic Treatment Assignment at Randomization
Invasive
No Receipt of Oxygen Mechanical
Dexamethasone Usual Care Oxygen Only Ventilation
(N=2104) (N=4321) (N=1535) (N=3883) (N=1007)
Agef
Mean —yr 66.9+15.4 65.8+15.8 69.4+17.5 66.7+£15.3 59.1+11.4
Distribution — no. (%)
<70yr 1141 (54) 2504 (58) 659 (43) 2148 (55) 338 (83)
70to 79 yr 469 (22) 859 (20) 338 (22) 837 (22) 153 (15)
=80 yr 494 (23) 958 (22) 538 (35) 398 (23) 16 (2)
Sex — no. (%)
Male 1338 (64) 2749 (64) 891 (58) 2462 (63) 734 (73)
Fernalet 766 (36) 1572 (36) 644 (42) 1421 (37) 273 (27)
Median no. of days since symptom on- 8 (5-13) 9 (5-13) 6 (3-10) 9 (5-12) 13 (8-18)
set (IQR)f
Median no. of days since hospitalization 2 (1-5) 2 (1-5) 2 (1-6) 2 (1-4) 5 (3-9)
(IQR)
Respiratory support received — no. (%)
No oxygen 501 (24) 1034 (24) 1535 (100) NA NA
Oxygen only 1279 (61) 2604 (60) NA 3883 (100) NA
Invasive mechanical ventilation 324 (15) 683 (16) NA NA 1007 (100)
Previous coexisting disease
Any 1174 (56) 2417 (56) 911 (59) 2175 (56) 505 (50)
Diabetes 521 (25) 1025 (24) 342 (22) 950 (24) 254 (25)
Heart disease 586 (28) 1171 (27) 519 (34) 1074 (28) 164 (16)
Chronic lung disease 415 (20) 931 (22) 351 (23) 883 (23) 112 (11)
Tuberculosis 6 (<1) 19 (<1) 8 (1) 11 (<1) 6 (1)
HIV infection 12 (1) 20 (<1) 5 (<1) 21 (1) 6 (1)
Severe liver diseased| 37(2) 82 (2) 32 (2) 72 (2) 15 (1)
Severe kidney impairment| 166 (3) 358 (8) 119 (3) 253 (7) 152 (15)
SARS-CoV-2 test result
Positive 1850 (88) 3848 (89) 1333 (87) 3416 (38) 949 (94)
Negative 247 (12 453 (10 193 (13 452 (12 . . .
Tesgt result not yet known 7 E<11 20 LI]] 9 El)) 1 ( )ThIS article was pUbIIShEd on JL.Il}’ 17

> Y2020, at NEJM.org.




Mortality at 28 Days in Al Patients and According to Respiratory Support at Randomization.

A Al Participants (N=6425) B Invasive Mechanical Ventilation [N=1007)
504 50
Rate ratio, 0.64 {95% Cl, 0.51-0.81
Rate ratio, 0.83 (95% Cl, 0.75-0.93) ate ratio, 0.64 ( : )
40 P=0.001 40 Usual care
£ 304 el £ 301
E Sual care ;E‘
B = Dexamethasone
5 204 5 20
= Dexamethasone =
10 10
0 T T T 1 0 T T T 1
1] 7 14 21 28 0 7 14 21 28
Days since Randomization Days since Randomization
No. at Risk No. at Risk
Usual care 4321 3754 3427 3271 3205 Usual care 6E3 572 481 424 400
Dexamethasone 2104 1903 1725 1659 1621 Dexamethasone 324 290 248 232 228
C Oxygen Only (N=3883) D Mo Oxygen Received (N=1535)
50+ 50
Rate ratio, 0.82 (95% CI, 0.72-0.94
ate ratio, 0.82 ( : ) Rate ratio, 1.19 (95% CI, 0.91-1.55)
40 401
& 30 | £ 304
= Usual care =
8 £
o 20 S 204 Dexamethasone
= Dexamethascone =
104 104 Usual care
0 T T T 1 0+ T T T 1
0 7 14 21 28 0 7 14 21 28
Days since Randomization Days since Randomization
No. at Risk No. at Risk
Usual care 2604 2195 2018 1950 1916 Usual care 1034 087 928 . . .
Dexamethasone 1270 1135 1036 1006 981 Dexamethasone 501 478 441 This article was published on July 17,
2020, at NEJM.org.



Effect of Dexamethasone on 28-Day Mortality, According to Respiratory Support at Randomization.

Respiratory Support
at Randomization Dexamethasone Usual Care Rate Ratio (95% Cl)
no. of events/total no. (%5)
Invasive mechanical 95/324 (29.3) 283/683 (41.4) ——— 0.64 (0.51-0.81)
ventilation
Oxygen only 208/1279 (23.3)  682/2604 (26.2) - 0.82 (0.72-0.94)
No oxygen received 89/501 (17.8) 145/1034 (14.0) — 1.19 (0.91-1.53)
All Patients 482/2104 (22.9)  1110/4321 (25.7) <> 0.83 (0.75-0.93)
P<0.001
Chi-square trend across three categories: 11.5 : : : :
0.50 0.75 1.00 1.50 2.00
Dexamethasone Usual Care
Better Better
#
Primary and Secondary Outcomes.
Dexamethasone Usual Care Rate or Risk Ratio
Outcome (N=2104) (N=4321) (95% Cl)*
no.ftotal no. of patients (%)

Primary outcome
Mortality at 28 days 482/2104 (22.9) 1110/4321 (25.7) 0.83 (0.75-0.93)
Secondary outcomes
Discharged from hospital within 28 days 1413/2104 (67.2) 2745/4321 (63.5) 1.10 (1.03-1.17)
Invasive mechanical ventilation or deathy 456/1780 (25.6) 994/3638 (27.3) 0.92 (0.84-1.01)

Invasive mechanical ventilation 102/1730 (5.7) 285/3638 (7.3) 0.77 (0.62-0.95)

Death 387/1780 (21.7) 827/3638 (22.7) 0.93 (0.84-1.03)

This article was published on July 17,
2020, at NEJM.org.



Conclusions

A In patients hospitalized with COVID, the
use of dexamethasone resulted in lower-28
day mortality among those who were
receiving eithernvasive mechanical
ventilationor oxygen alonet randomization
but not among those receiving no respiratory
support.

This article was published on July 17,
2020, at NEJM.org.
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Severe Covid-19

Incubation Period Fever
Coggh Critical illness in 5%
Fatigue of symptomatic patients
Anorexia
Myalgias
Diarrhea
Dyspnea in 40% of symptomatic patients
1 1 1 1 1 1 1 | | | | 1 1 1 1 1 1 I I -
s 4 3 2 1 2 3 4 5 6 7 & 9 10 11 12 13 14
Median Days from Median Days to Onset after Development of Initial Symptoms
Infection to Onset
of Symptoms
Onset of
Symptoms
Figure 1. Timeline of Symptoms of Severe Coronavirus Disease 2019 (Covid-19).
The left border of the colored boxes shows the median time to onset of symptoms and complications. There is wide
variation in the duration of symptoms and complications. Adapted from Zhou et al.? and the Centers for Disease
Control and Prevention.!

This article was published on May 15,
2020, at NE]M.org.
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KEY CLINICAL POINTS

EVALUATION AND MANAGEMENT OF SEVERE COVID-19

« Patients with severe coronavirus disease 2019 (Covid-19) may become critically ill with acute respiratory
distress syndrome that typically begins approximately 1 week after the onset of symptom:s.

+ Deciding when a patient with severe Covid-19 should receive endotracheal intubation is an essential
component of care.

+ After intubation, patients should receive lung-protective ventilation with plateau pressure less than or
equal to 30 cm of water and with tidal volumes based on the patient's height.

« Prone positioning is a potential treatment strategy for refractory hypoxemia.

« Thrombosis and renal failure are well-recognized complications of severe Covid-19.

» Data are needed from randomized trials to inform the benefits and risks of antiviral or
immunomodulatory therapies for severe Covid-19; as of mid-May 2020, no agents had been approved
by the Food and Drug Administration for treatment of these patients.

+  Preliminary data from a randomized, placebo-controlled trial involving patients with severe Covid-19
suggest that the investigational antiviral remdesivir shortens time to recovery.

This article was published on May 15,
2020, at NE]M.org.



Figure 2. Radiographic and Ultrasonographic Findings of Severe Covid-19.

Chest radiography (Panel A) shows bilateral ground-glass opacities and consolidations. Computed tomography
(CT) of the chest (Panel B) shows bilateral ground-glass opacities. Thoracic ultrasonography (Panel C) shows B
lines (arrow); this image is courtesy of Dr. Christopher Parkhurst. CT of the head (Panel D) shows left-greater-than-
right cerebral infarcts (arrow).

This article was published on May 15,

2020, at NE]M.org.
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Figure 3. Invasive Mechanical Ventilation for Covid-19—-Related Respiratory Failure.

A Determination of Need for Endotracheal Intubation for Covid-19—Related Respiratory Failure

Possible Clinical Indications for Endotracheal Intubation
« Impending airway obstruction

« Signs of unsustainable work of breathing

« Refractory hypoxemia

« Hypercapnia or acidemia

« Encephalopathy or inadequate airway protection

Additional Considerations
« Does illness trajectory predict deterioration?
« Are difficulties in endotracheal intubation anticipated?

« Is there hemodynamic instability?
« Will intubating now improve the safety of a planned
procedure or transportation?

« Will intubating now improve infection control and
staff safety?

Figure 3. Invasive Mechanical Ventilation for Covid-19—Related Respiratory Failure.

As shown in Panel A, a life-threatening problem in the purple box or a combination of less severe problems in the purple and tan boxes
determines the need for endotracheal intubation. In Panel B, “lung derecruitment” refers to the collapse of alveoli. All pressures are
measured in the ventilator circuit and referenced to atmospheric pressure. ARDS denotes acute respiratory distress syndrome, and
PEEP positive end-expiratory pressure.

This article was published on May 15,
2020, at NE]M.org.
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Figure 3. Invasive Mechanical Ventilation for Covid-19—-Related Respiratory Failure.

B Principles of Ventilator Management in ARDS Due to Covid-19

s

Measure height and calculate predicted body weight Peak
weseooooo- inspiratory
pressure
Target plateau
Female predicted Male predicted Al (;;iil:::r;s:?::ater}
body weight (kg) body weight (kg) 5
®
2
s
£
=
45.5 + (0.91) (height in cm - 152.4) 50 + (0.91) (height in cm — 152.4) g - Pressure due
ﬁ . to respiratory
a b= compliance and
Target tidal volume, 6-8 ml/kg of predicted body weight = » tidal volume
Set PEEP to prevent lung derecruitment ] > 10— J --------------------------------------------------------------------- PEEP
Monitor hemodynamics, respiratory compliance, 1 ) End-inspiratory '
and gas exchange at each PEEP setting - pause
- =, 5_
If plateau pressure >30 cm of water, consider: ]
« Reducing tidal volume (minimum, 4 ml kg of predicted body weight) 7
« Reducing PEEP 0
« Allowing higher plateau pressures in patients with obesity Time
or reduced chest-wall compliance

This article was published on May 15,
2020, at NE]M.org.
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Management of COVID-19 Respiratory Distress

John J. Mannmi, MD: Luciano Gattinoni, MD

CARDSXOVID19 relatedARDS

JAMA Published online April 24, 2020



Table. Time Course and Treatment Approach to Ventilation Support for Patients With CARDS

Time
period Objective Respiratory support options Rationale
Before Adequate gas exchange Supplemental oxygen, Powerful respiratory effort can cause
intubation  Avoid P-SILI CPAP, NIV, HFNC reinforcing lung and vascular stress,
Awake prone positioning, resulting in injury
Target nonvigorous breathing
During Avoid pulmonary Minimize PEEP, frequency Minimize transpulmonary
mechanical deterioration and VILI and tidal volume and vascular stresses
ventilation vortex Adjust to acceptable gas exchange
Maintain fluid balance
Reduce O, demand
Consider ECMO
After Minimize pulmonary Type L%: use lower PEEP Lower tidal volumes are unnecessary
intubation  stress (<10 cm H,0) Higher PEEP is ineffective, creates
Optimize O, Use more liberal tidal volume dead space, and adversely redirects
Avoid VILI vortex (7-9 mL/kg) as needed blood flow
Reduce O, demand
Consider prone positioning
Reduce and evenly Type H?: use higher PEEP More closely behaves and responds
distribute lung and (<15 cm H,0) like typical ARDS
vascular stresses Lower tidal volume (5-7 mL/kg)
Optimize O, Reduce O, demand
Avoid VILI vortex Implement prone positioning
Weaning Avoid reversion to Make transitions cautiously Strong spontaneous efforts raise O,
phase previously worsened Avoid abrupt changes demand, increase edema,

pulmonary state by
causing VILI and
worsening edema

Spontaneous trials only at the very
end of the weaning process

and promote P-SILI

JAMA Published online April 24, 2020
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COVID-19 pneumonia: different respiratory
treatments for different phenotypes?

Luciano Gattinoni'", Davide Chiumello?, Pietro Caironi®*, Mattia Busana', Federica Romitti', Luca Brazzi®
and Luigi Camporota®

COVID-19 pneumonia, Type L
At the beginning, COVID-19 pneumonia presents with
the following characteristics:

on

000000

PaO,/FiO,
95 mmHg

Cumulative voxel distribut

o

¥
4000 _o0® _g0® 100 _g0® _500 _a0® _300 200 400 O 400

Hounsfield Units

COVID-19 pneumonia, Type H
The Type H patient:

PaO,/FiO,
84 mmHg

Cumulative voxel distribution
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CO‘U’ID 19 pneumﬂnla AHDS or not?

Non ARDS ARDS
Type 1

Type 2

Fig. 1 In these 2 patients were recorded the following variables: type 1 lung weight (1192 g), gas volume (2774 ml), percentage of non-aerated
tissue (8.4%), venous admixture (56%), P/F (68), and respiratory system compliance (80 ml/cmH-0); type 2 lung weight (1441 g), gas volume (1640
ml), percentage of non-aerated tissue (39%), venous admixture (49%), P/F (61) and recniratnns cuctem camnlianca (42 ml/cmH-O)

Gattinoni et al. Critical Care (2020) 24:154



COVID-19 pneumonia: different respiratory
treatments for different phenotypes?

Luciano Gattinoni'”, Davide Chiumello?, Pietro Caironi®* Mattia Busana', Federica Romitti', Luca Brazzi’
and Luigi Camporota®

L type (type 1) H type (type 2)

A Characteristicsvasoplegiglose of o
vasoconstriction when hypoxem|a)A Characteristics:

LowelastancgHigh compliance) HighelastancegLow compliance)
LowV/Q

! |

| : .

i LowLung weight _I_ H!ghShuntlng

i LowRecruitability I HighLung weight

i Poor response to PEEP I HighRecruitability
A Treatment and Management: i Response to PEEP

Early intubation if necessary

I
|
A MV setting i Assevere ARDS
i TV:7-9 ml/PBW A Low TV, High PEEP, NMB, RN
i PEEP8-10 cmH20 tt> 9/ ahX
I RR =<20

Gattinoni et al. Critical Care (2020) 24:154






Use of Prone Positioning in Nonintubated Patients
With COVID-19 and Hypoxemic Acute
Respiratory Failure

Table. Characteristics of Patients and Main Results

Figure. Individual Partial Pressure of Arterial Oxygen (Pao,) Variation
for Patients Who Sustained Prone Positioning (PP) for at Least 3 Hours

160

1404

1204

100+

B0+

Fads, mm Hg

60

401 & Respondoers

Persistent responders

201 ® Nonresponders

':l T T I
Before During After

Prone positioning

PP subgroups
Total <1lh 1-<3h z3h

Characteristic (N =24)" (n=4) (n=5) (n=15)
Baseline characteristics
Age, mean (SD), y 66.1(10.2) 63.8(7.8) 61(7.9) 68.4(11.1)
Sex, No. (%)

Women 8(33) 2(50) 1(20) 5(33)

Men 16 (67) 2 (50) 4 (80) 10(67)
BMI =30, No. (%) 5(23) 1(50) 1(20) 3(20)
High blood pressure, No. (%) 6(26) 1(25) 2(50) 3(20)
SOFA score, mean (SD) 2.8(0.9) 3.5(0.7) 2.8(0.8) 2.7(1)
Oxygen supplementation, No. (%)

<4 Lfmin 16 (67) 2(50) 3(60) 11(73)

=4 L/min or HFNC 8(33) 2(50) 2(40) 4(27)
Respiratory rate, mean (S0), breaths/min 18 (2.7) 18.3 (1) 20(3.6) 17.3(1.8)
Gas exchange and VAS scores before PP
Pao,, mean (50), mm Hg 72.8(14.2) 79.7(11.7) 66.4 (8.9) 73.6(15.9)
Paco,, mean (SD), mm Hg 34.1(5.3) 39.7 (4.6) 32.4(3.9) 33.5(5.4)
VAS, median (IQR)®

Dyspnea 3 (2-5) 3(1-3) 5(3-7) 2(1-5)

Discomfort 0 (0-0) 0(0-0) 0(0-0) 0(0-1)
Gas exchange and VAS scores during PP
Pao,, mean (S0), mm Hg 01(27.3) 73(12.1) 94.9(28.3)
Paco,, mean (SD), mm Hag 32.8(4.5) 32(3) 33(4.8)
VAS, median (IQR)®

Dyspnea 2(1-4.5) 7(2-8) 2(1-4)

Discomfort 4(1-5.5) 2(2-4) 4(1-6)
Gas exchange and VAS scores after resupination®
Pao;, mean (S0, mm Hg 77.6(11.5) 77(2) 77.8(13)
Paco,, mean (SD), mm Hg 32.3(5.1) 28.7 (5.9) 33.3(4.7)
VAS, median (IQR)®

Dyspnea 2.5(1-5) 5(4-7) 2(1-4)

Discomfort 0(0-1) 0(0-1) 0(0-1)

During PP indicates the 1to 2 hours after proning and after PP indicates the 6

to 12 hours after resupination. Responders to PP = Pao, increase =20% between
befiore and during PP. Persistent responders to PP = Pao, increase =20% between
before PP and after resupination. All the persistent responders are also responders.
One patient among the 15 refused arterial blood gases during PP and after
resupination. For 2 patients, arterial blood gases after resupination were missing.

JAMA Published online May 15, 2020



Respiratory Parameters in Patients With COVID-19
After Using Noninvasive Ventilation in the Prone
Position Outside the Intensive Care Unit

Table. Baseline Characteristics of 15 Patients With COVID-19 Who
Received Noninvasive Ventilation in the Prone Position Outside the ICU

Characteristics Value
Age, mean (SD), y 59 (6.5)
BMI, mean (SD) 24 (3.4)
Sex, No. (%)

Women 2(13.3)

Men 13 (86.6)
Time, median (IQR), d

From first symptom appearance 15(12-21)

From hospitalization 9 (7.5-14)

From NIV start 7 (4-10)

From NIV in the prone position start 5(3-10)
Pao,:Fio, on first MET call® 157 (43.0)

JAMA Published online May 15, 2020



Figure. Respiratory Parameters in the Individual Patients Before, During, and After Noninvasive Ventilation in the Prone Position

|E| Spo, trend Pao,:Fio, trend Respiratory rate trend
100+ 130+ 324
120+ 30+
98_ E
110 E 8
£
96 -
-, 100+ S 26-
a2 o 8
& 94 %5, 90 g 24-
& = E
% 80 s 22
92 N .E
70+ E 204
904 o=
60+ 18+
88+ 504 164
T T T T T T T T T
Before During After Before During After Before During After
Noninvasive ventilation Noninvasive ventilation Noninvasive ventilation
in prone position in prone position in prone position
The graphs represent trends of respiratory parameters in the individual patient P < .001 between before and during pronation, P < .004 between before and
at the 3 time points. Before pronation: immediately before initiating after pronation. B, Arterial partial pressure of oxygen (Pao,) to inspired oxygen
noninvasive ventilation (NIV) while the patient was still in the supine position. fraction (F10,), P < .001 between before and during pronation, P < .004
During pronation: after 1hour of receiving NIV treatment while the patient was between before and after pronation. C, Respiratory rate P < .001 between

in the prone position. After pronation: Thour after NIV treatment stopped when before and during pronation, P < .001 between before and after pronation.
the patient was in the supine position. A, Peripheral oxygen saturation (Spo,),

JAMA Published online May 15, 2020



Is the Prone Position Helpful During Spontaneous Breathing in Patients

With COVID-19?

Irene Telias, MD:; Bhushan H. Katira, MD; Laurent Brochard, MD

A substantial proportion of patients with coronavirus dis-
ease 19 (COVID-19) develop severe respiratory failure and
1equire mechanical ventilation, most often fulfilling criteria
for acute respiratory distress syndrome (ARDS).! The charac-
teristics of these patients are
heterogeneous, consistent
with what is known about
ARDS."? Inflammatory edema leads to varying degrees of
lung collapse resulting in ventilation perfusion ratio (V/Q)
mismatching, including a significant shunt fraction. Addi-
tionally, lung microthrombi are suspected and result in dif-
ferent levels of dead space and inefficient ventilation.?
In sedated patients, gravitational forces lead to lung atelecta-
sis occurs in the dependent lung regions, and the remain-
ing aerated lung available for gas exchange becomes small.
Insufficient hypoxic vasoconstriction, another feature of
ARDS that contributes to V/Q mismatch, is suggested by the
finding of hypoxemia with relatively preserved compliance
in some patients.*

Vigorous breathing efforts among patients with moder-
ate and severe ARDS during spontaneous or assisted invasive
or noninvasive ventilation (NIV) can worsen lung injury and
result in patient self-inflicted lung injury (P-SILI).° Strong
respiratory efforts lead to large negative swings in pleural
pressure generating excessive lung stress and strain and to
increased lung edema due to negative transalveolar pres-
sure. Because of atelectasis in the dependent regions, the
force generated by diaphragmatic contractions remains pre-
dominantly localized in regions close to the muscular por-
tion of the diaphragm and generates a pressure gradient
inside the lung, with displacement of gas from nondepen-
dent to dependent areas. This phenomenon, called pendel-
luft, increases regional lung stress and strain even in the
absence of large tidal volumes.®

Strong breathing efforts are controlled by the output of
the respiratory centers, the respiratory drive, primarily
regulated by the chemoreflex control system.” The combi-
nation of a high metabolic rate (eg, sepsis, fever) and ineffi-
clent ventilation increases respiratory drive. Additionally,
lung injury, through J receptors in the lung, and systemic or
brainstem inflammation stimulate the respiratory drive.
A dissociation between what the brain expects and what the
ventilatory system can achieve results in dyspnea that fur-
ther stimulates the respiratory drive. Excessive drive can
then overcome lung-protective reflexes, such as Hering-
Breuer inflation reflex, and worsen lung injury.

In the context of worsening oxygenation and increased
work of breathing, invasive mechanical ventilation with se-

Related articles

dation, paralysis, and positive end-expiratory pressure to con-
trol breathing effort ensures lung protective ventilation (ie, low
tidal volume) minimizing P-SILL.> However, potential ad-
verse consequences are well known including immobiliza-
tion, disuse diaphragmatic atrophy, associated infections, sleep
disturbances, and possibly neurocognitive dysfunction. Hel-
met NIV and high-flow nasal cannula-delivered oxygen were
suggested to be clinically more effective than NIV delivered
via facemask and regular oxygen in early hypoxemic respira-
tory failure.® However, monitoring tidal volume and breath-
ing effort in these patients is challenging with the potential risk
of direct harm and delayed intubation, as shown during NIV.
During the COVID-19 pandemic, high burden of intensive care
unit workload and concern for possible ventilator shortage fur-
ther prompted clinicians to pursue alternative strategies to
avoid intubation.

In this issue of JAMA, 2 small case series describe the
use of the prone position in awake patients with COVID-19
during spontaneous and assisted breathing outside the ICU.
The studies have limitations but illustrate interesting
points. Elharrar et al°® reported a single-center before-after
study that included 24 patients with acute hypoxemic respi-
tatory failure and infiltrates on chest computed tomo-
graphic scans. Prone positioning was started without chang-
ing the system for oxygen supply or fraction of inspired
oxygen (F10,). Four patients did not tolerate the prone
position for more than an hour (requiring later intubation);
6 of 15 patients who tolerated prone position showed a
mean (SD) increase in Pao, of more than 20% from baseline
(74 [16] to 95 [28] mm Hg; P = .006) but 3 patients returned
to baseline Pao, after supination.

Sartini et al'® performed a 1-day cross-sectional before-
after study that included 15 awake patients with mild and
moderate ARDS. The estimated mean (SD) Pao,:F10, was 157
(43). Patients received NIV with sessions of prone position-
ing after poor response to continuous positive airway pres-
sure (CPAP) of 10 cm H,0. On the day of the study, the
patients had a median of 2 sessions (interquartile range
[IQR], 1-3) of prone positioning for 3 hours (IQR, 1-6 hours).
Compared with before receiving NIV, oxygenation and
Tespiratory rate improved during NIV while prone (esti-
mated Pao,:Fi0,, 100 [IQR, 60-112] to 122 [IQR, 118-122] and
Tespiratory rate 28 breaths/min [IQR, 27-30] to 24 [21-25]
breaths/min), and remained improved 1 hour after NIV ses-
sion in prone position in most patients (12 of 15). At 14 days,
1 patient was intubated and another died.

Several conclusions can be drawn cautiously from these
case series, although the findings cannot be generalized

without confirmation in larger trials. Many but not all pa-
tients with hypoxemic respiratory failure tolerate the prone po-
sition while awake, breathing spontaneously or while receiv-
ing NIV. Among patients who tolerated a session of prone
positioning, improvement in oxygenation and decrease inre-
spiratory rate occurred, suggesting a lower power of breath-
ing (respiratory rate is poorly correlated with respiratory drive
but in this context, it is potentially associated with lower
power). The effects were transient, and respiratory rates and
oxygenation often refurned to baseline after supination.

Limitations have been listed by the authors, including the
small sample size and lack of control groups. Overall, prone
sessions during the studies were short, partly because of
limited patient tolerance. Important information for interpre-
tation of the results was missing such as baseline severity of
hypoxemia® and which NIV interface and settings were used
during the prone sessions. ' It is also unclear if the physiologi-
cal changes while prone were due to the position, the use of
NIV, or a synergistic effect of both. The inclusion of patients
who initially worsened after a trial of CPAP may suggest that
the prone position improved tolerance of NIV.

The prone position can improve oxygenation and can po-
tentially resultin less injurious ventilation. Because of a higher
density of pulmonary vessels in the dorsal lung region (inde-
pendently of gravity), the change of ventilation distribution
while prone (ie, relative increase in ventilation in the dorsal
nondependent areas) results in improved V/() matching and
oxygenation." This does not necessarily equate to lung pro-
tection and better outcome.'* While prone, the chest wall com-
pliance decreases when the anterior, more flexible part of the
chest is facing the bed, explaining in part a more homoge-
neous distribution of ventilation and regional lung stress and
decreasing the risk of ventilation-induced lung injury and pos-
sibly pendelluft.” Itis possible that the contraction of the mus-
cular diaphragm, which faces the open dorsal lung during pro-
nation exerts a more uniform distribution of stress, whereas
the muscular diaphragm exerts a more localized stress when

facing the collapsed lung during supination. These mecha-
nisms and the effect of prone positioning on respiratory drive
and effort need to be investigated in spontaneously breath-
ing patients. Ina crossover study involving 14 infants with bron-
chiolitis, the prone position with nasal CPAP reduced effort and
improved neuromechanical coupling.'*

Prone position during invasive mechanical ventilation im-
proved oxygenation in large randomized clinical trials (RCTs)
of patients with ARDS." However, better oxygenation was not
associated with improved survival in trials with short dura-
tion of prone positioning. In an RCT that included 466 pa-
tients with moderate and severe ARDS (Pa0,:F10, <150}, prone
positioning for at least 16 hours per day with protective me-
chanical ventilation reduced 90-day mortality.'® Previously,
small case series showed feasibility and improvement in oxy-
genation in awake patientsplaced in the prone position dur-
ing spontaneous or assisted breathing while receiving NIV and
oxygen through high-flow nasal cannula.

The prone position during spontaneous and assisted
breathing in patients with acute hypoxemic respiratory fail-
ure may become a therapeutic intervention in the near fu-
ture. Tolerance is sometimes a limitation of the technique, the
physiological effects are not clarified, and the benefits of very
short sessions may be questionable, Can the prone position pre-
vent intubation? This question is essential, but intubation is a
medical decision, not a physiological state. Improvement in
oxygenation during prone positioning may prevent clinicians
from making decisions about intubation solely based on hy-
poxemia. This is potentially a good outcome, but clinical as-
sessment of work of breathing is essential in this context to
avoid delayed intubation with eventually poor outcome. Ade-
tailed physiological study is ongoing (NCT03095300) and at
least 2 RCTs (NCT04347941, NCT04350723) will address some
of these questions. In the meantime, clinicians should closely
monitor patients for whom prone positioning is used for
tolerance and response and aim to prevent delayed infubation
and controlled mechanical ventilation when necessary.
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