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Acute Respiratory Distress Syndrome

Physicians think they do a lot for a patient when they give his disease a name.
Immanuel Kant

The disease entity described in this chapter has had several names over the years, including shock lung, Da
Nang lung (from the Vietnam war), stiff-lung, leaky capillary pulmonary edema, noncardiogenic pulmonary
edema, acute lung injury, adult respiratory distress syndrome, and most recently, acute respiratory distress
syndrome, or ARDS. However, none of these names provides any useful information about the disease,
which is a diffuse inflammatory injury of the lungs, and one of the leading causes of acute respiratory failure
in modern times (1—3).



STATE OF THE ART REVIEW

Conceptual model: ARDS is an acute diffuse, inflammatory lung injury precipitated by a predisposing risk factor such as
pneumeonia, non-pulmonary infection, trauma, transfusion, burn, aspiration, or shock. The resulting injury leads to increased
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pulmonary vascular and epithelial permeability, lung edema, and gravity dependent atelectasis, all of which contribute to loss of

aerated lung tissue. The clinical hallmarks are arterial hypoxemia and diffuse radiographic opacities associated with increased

shunting, increased alveolar dead space, and decreased lung compliance. The clinical presentation is influenced by medical
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management (position, sedation, paralysis, and fluid balance). Histological findings vary and may include intra-alveolar edema,
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The understanding of acute respiratory distress syndrome (ARDS) has evolved
greatly since it was first described in a 1967 case series, with several subsequent
updates to the definition of the syndrome. Basic science advances and clinical trials
have provided insight into the mechanisms of lung injury in ARDS and led to reduced
mortality through comprehensive critical care interventions. This review summarizes
the current understanding of the epidemiology, pathophysiology, and management
of ARDS. Key highlights include a recommended new global definition of ARDS and
updated guidelines for managing ARDS on a backbone of established interventions
such as low tidal volume ventilation, prone positioning, and a conservative fluid

| strategy. Future priorities for investigation of ARDS are also highlighted.

inflammation, hyaline membrane formation, and alveolar hemorrhage.

Criteria that apply to all ARDS categories

Risk factors and origin of edema

Precipitated by an acute predisposing risk factor such as pneumonia, non-pulmonary infection, trauma, transfusion, aspiration, or
shock. Pulmonary edema is not exclusively or primarily attributable to cardiogenic pulmonary edema/fluid overload, and
hypoxemia/gas exchange abnormalities are not primarily attributable to atelectasis. However, ARDS can be diagnosed in the

Alveoler airspace

presence of these conditions if a predisposing risk factor for ARDS is also present.

Timing

Acute onset or worsening of hypoxemic respiratory failure within 1 week of the estimated onset of the predisposing risk factor or
new or worsening respiratory symptoms.

Chestimaging

Bilateral opacities on chest radiograph, computed tomography, or ultrasonography* not fully explained by effusions, atelectasis,
or nodules/masses.

end expiratory pressure; Sp0O,=pulse oximetric oxygen saturation. *Ultrasonography operator should be well trained in use of ultrasonography
for identifying pulmonary infiltrates. TBlood gas and oximetry measurements should be made when patient is comfortably at rest and 230 min
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greatly since it was first described in a 1967 case series, with several subsequent
updates to the definition of the syndrome. Basic science advances and clinical trials
have provided insight into the mechanisms of lung injury in ARDS and led to reduced
mortality through comprehensive critical care interventions. This review summarizes
the current understanding of the epidemiology, pathophysiology, and management
of ARDS. Key highlights include a recommended new global definition of ARDS and
updated guidelines for managing ARDS on a backbone of established interventions
such as low tidal volume ventilation, prone positioning, and a conservative fluid
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inflammation, hyaline membrane formation, and alveolar hemorrhage.

Criteria that apply to specific ARDS categories

management (position, sedation, paralysis, and fluid balance). Histological findings vary and may include intra-alveolar edema,

Alveoler airspace
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/| Oxygenationtt Non-intubated ARDS Intubated ARDS Modified definition for
Pa0./FiO, = 300 mm Hg or Milds: resource variable settings
Sp0,/Fi0, =315 mmHg 200 < Pa0,/Fi0, <300 0r 235 < Sp0,/FiQ, = 315 (if SpO, =
(if Sp0,=<97%) on HFNO with a i0, < i <979 97%).** End expiratory pressure
flow of 230 L/min or NIV/CPAP Moderate: or a minimum flow rate of
with 25 cm H.O expiratory. 100 < Pa0,/FI0, < 200 oxygen is not required for
pressure or 148 < Sp0./Fi0, < 235 diagnosis in resource variable
(if SpO.= 97%) settings
¢ Severe:
f Pa0,/FiO, = 100 or SpO,/FiO,
=148 (if SpO,= 97%)
\. J

Differences from Berlin definition

m New category of "non-intubated ARDS” includes patients supported with HFNO
m Sp0O,/Fi0, may be used to classify hypoxemia severity when Sp0O, <97%

m Conceptual model emphasizes the importance of management on the progression of ARDS and histological variability

B Lung ultrasonography may be used to diagnose bilateral non-cardiogenic pulmonary edema
m A definition for resource variable settings that does not require a minimum level of respiratory support is formally adopted

course. fIModified oxygenation criteria can be applied in settings where arterial blood gas or HFNO, NIV, and mechanical ventilation are not routinely
available. **Estimated FiO,=ambient FiO, (eg, 0.21)+0.03x0, flow rate (L/min). Adapted with permission from Matthay et al®
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ARDS epidemiology I

1. Before 2016 (AECC) 2. LUNG-SAFE (Berlin) 3. COVID-19

v' Population based Incidence Incidence

studies since the
publication of the AECC
definition have varied
widely in their
estimates of the
incidence of ARDS,
ranging from 3.65 to
78.9 per 100 000
person years.

Hospital based studies
similarly vary, with
estimated incidence
among admissions
ranging from as low as

1.3% to as high as 19%.

v' 10.4% among patients
in ICU

v’ 23.4% among
mechanically ventilated
patients.

Mortality
v' 40% overall;

v 34.9%, 40.3%, 46.1%
mild, moderate, severe

v'10-fold increase in the incidence of ARDS with covid-19
in the US from March 2020 through February 2022

v'The incidence of ARDS among patients with covid-19 in
ICU was higher than that of the general ICU population,
ranging from approximately 50% to 80%.

Mortality

v'39% a global pooled;
v'Similar to that of non-covid ARDS
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Table 1 | Landmark trials informing critical care management of patients with acute respiratory distress syndrome (ARDS)

Trial

Publication
year

Intervention

Principal findings

Implications for management

Ventilation with Lower Tidal Volumes 2000 Tidalvolume of 12 mL/kg PEW 8.8% lower mortality before discharge in lower LTV ventilation should be applied
as Compared with Traditional Tidal and plateau pressure of <50 cm tidal volume group than in higher tidal volume  for all patients with ARDS
Volumes for Acute Lung Injury and H,O v 6 mL/kg PBW and plateau group

the Acute Respiratory Distress pressure of €30 cm H.0O

Syndrome (ARMA)®

Higher versus Lower Positive End- 2004 Higher PEEP v lower PEEP titrated  No difference in primary outcome of proportion  Patients can be managed with use

Expiratory Pressures in Patients
with the Acute Respiratory Distress
Syndrome (ALVEOLI)'®*

on basis of Fi;2

discharged alive and breathing without

assistance or any secondary outcome

of higher or lower PEEP strategy

Companson of Two Fluid Management
Strategies in Acute Lung Injury
[F.A[m 190

2006

Factorial assignment to central
venous or pulmonary artery
catheter and conservative or liberal
fluid strategy

No difference in primary outcome of 60 day
mortality, but more ventilator-free days and ICU-

free days to day 28

Patients likely benefit from even-to-
negative fluid balance after initial
resuscitation

Neuromuscular Blockers in Early 2010 Cisatracurium besylate v placebo  Higher adjusted 90 day survival (HR 0.68, 95% MNeuromuscular blockade was
Acute Respiratory Distress Syndrome within 48 h of onset of severe Cl 0.48 to 0.98) in intervention arm recommended before publication
(ACURASYS) ! (Pa0_/Fi0_ <150 mm Hg) ARDS of ROSE trial (below)
Prone Positioning in Severe Acute 2013 Prone positioning for =16 h/day 16.8% lower 28 day mortality (primary Prone positioning is recommended
Respiratory Distress Syndrome in moderate to severe (Pa0_/ outcome) and 17.4% lower 90 day mortality for ARDS with PaO /RO, <150
(PROSEVA) ' FiD, <150 mm Hg) ARDS until (secondary outcome) in intervention arm

improvement in axygenation v

remaining supine
High-Flow Nasal Oxygen through 2015 HFENO v standard oxygen therapy v Lower mortality at 90 days in HFNO group HFNO is a safe way to manage

Nasal Cannula in Acute Hypoxemic
Respiratory Failure (FLORALI)'*?

NIPPV for non-hypercapnic patients
with Pa0O,/FI0, <300 mm Hg; 7 9%
had bilateral infiltrates

compared with both NIPPV and standard
oxygen. Lower rate of intubation in HFNO group
compared with either NIPPV or standard oxygen

when Pa0_/Fi0_ <200 mm Hg

patients with hypoxemic respiratory
failure/ non-intubated ARDS

(Continued)
BMJ 2024



Table 1 | (Continued)

Trial

Effect of Noninvasive Ventilation
versus Oxygen Therapy on Mortality

Among Immunocompromised Patients

With Acute Respiratory Failure
(IWVNICTUS) "4

Publication
year
2015

Intervention

MIPPV v standard oxygen

therapy for non-hypercapnic,
immunocompromised patients with
respiratory failure (Pa0, <60 mm Hg
on room air, or tachypnea »30/min,
or labored breathing or respiratory
distress or dyspnea at rest)

Principal findings

No statistical difference in primary endpoint
of 28 day mortality or secondary outcomes,

including intubation rate

Implications for management

NIV is not different from

standard axygen therapy for
immunocompromised patients with
hypaxemic respiratory failure with
respect to clinical outcomes

Effect of High-Flow Nasal Oxygen 2018 HFNO v standard oxygen No statistical difference in primary endpoint of  HFNO is not different from
versus Standard Oxygen on 28-Day therapy for non-hypercapnic, 28 day mortality or any secondary outcomes standard axygen therapy for
Mortality in Immunocompromised immunocompromised patients immunocompromised patients with
Patients With Acute Respiratory with respiratory failure (Pa0, <60 hypaxemic respiratory failure with
Failure (HIGH)'** mm Hg or Sp0, <90% on room air, respect to clinical outcomes

or tachypnea »30/min or labored

breathing or respiratory distress,

and need for oxygen =6 L/min)
Extracorporeal Membrane 2018 ECMO v conventional treatment No statistical difference in primary endpoint of ECMO remains an important option
Oxygenation for Severe Acute forvery severe ARDS (Pa0_/Fi0, 60 day mortality (35% in ECMO group v 46% in  for rescue therapy in refractory
Respiratory Distress Syndrome «60 mm Hg for 3hor<B0mmHg  control group: P=0.09). High rate of crossover  cases of ARDS
(EOLIA) < for 6 h or arterial blood pH <7.25  (28%) in conventional therapy group

with PaC0, =60 far 6 h). Crossover

permitted for rescue therapy
Early Neuromuscular Blockade inthe 2019 Cisatracurium infusion with deep  No between group differences for primary NMB recommendations differ, but

Acute Respiratory Distress Syndrome
[RDSE} 190

sedation for 48 h v usual care with
light sedation targets. High PEEP
strategy used for all patients

endpoint of 90 day hospital mortality or any

secondary outcome. 17% crossover rate and
low use of prone positioning (15.8%). Higher
rate of serious cardiovascular events in NMB

group

certainty of evidence is low. Other
routine supportive measures,
including prone positioning, should
be prioritized. NMB might provide
benefit in early severe ARDS

urnnnueay
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Table 1 | (Continued)

Publication
Trial year Intervention Principal findings Implications for management
Liberal or Conservative Oxygen 2020 Pa0, target of 90-100 mm Hg v Trial .Stnpped early by DSMB because of A tﬂnsewati-.ré arterial Pa0, target

Therapy for Acute Respiratory Distress
Syndrome (LOCO_)***

55-70 mm Hg

possibility of harm in conservative oxygen
group. No difference in pnmary outcome of

28 day mortality but significantly higher 90
day mortality in conservative group (44.4% v
30.4%) and higher rate of mesenteric ischemia

in conservative group (5 v O events)

of 55-70 mm Hg is not beneficial
and may be harmful in ARDS

Effect of Lower Tidal Volume 2021 Target tidal volume of 3 ml/kg Trial stopped early by DSMB for futility and lack  There is no benefit to and possible
Ventilation Facilitated by PBW facilitated by ECCOR v of feasibility to continue trial. Increased rate of  harm from extra-LTV ventilation
Extracorporeal Carbon Dioxide standard LTV ventilation in patients severe adverse events including intracranial facilitated by ECCO,R compared
Removal versus Standard Care with Pa0,/HO, <150 mm Hg not hemorrhage in intervention group, though with standard LTV ventilation
Ventilation on 90-day Mortality caused by cardiogenic pulmonary  this was not cited as reason for stopping trial.
in Patients with Acute Hypoxemic edema. Approximately 60% had Results similar in ARDS subgroup
Respiratory Failure (REST)™** ARDS at enrollment
Lower or Higher Oxygenation Targets 2021 Target Pa0, of 60 mm Hg v 90 No difference in primary outcome of 90 A second trial confirming no benefit
for Acute Hypoxemic Respiratory mm Hg among hypoxemic patients day mortality or in secondary outcomes. of a lower oxygen target compared
Failure (HOT-ICU)**® receiving =10 L/min oxygen in No difference in adverse events including with higher

open system or Fi0, of 0.50 in mesenteric ischemia. Median achieved arterial

closed system oxygenation in lower target group was 70 mm

Hg v 93.3 mm Hg in higher target group

High-flow nasal oxygen alone 2022 HFNO alone v HFNO alternating No difference in primary outcome of 28 day HFNO among immunocompromised

or alternating with non-invasive
ventilation in critically ill
immunocompromised patients with
acute respiratory failure (FLORALI-
|M 200

with NIV for non-hypercapnic,

respiratory failure (respiratory rate
of =25 breaths/min and Pa0_/Fi0,
<300 mm Hg)

mortality or any secondary outcomes except for
immunocompromised patients with comfort (less discomfort in HFNO group)

patients with hypoxemic respiratory
failure does not differ from

alternating HFNO and NIV in terms
of clinical outcomes and can be

favored for patient comfort

urnnnueay
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Table 2 | Select trials of pharmacologic interventions for acute respiratory distress syndrome (ARDS) and severe pneumonia

Trial
Rosuvastatin for Sepsis-

Associated Acute Respiratory
Distress Syndrome (SAILS)**®

Publication year
2014

Intervention

40 mg loading dose followed by 20
mg daily rosuvastatin forup to 28

days v placebo in patients with Berlin

Principal findings

MNo difference in primary outcome of 60
day mortality. Fewer hepatic/renal failure-

free days in rosuvastatin group

Implications for management
and further research

Rosuvastatin does not provide
benefit in sepsis associated
ARDS and might contribute to

defined ARDS liver and kidney injury
Simvastatin in the Acute 2014 80 mg simvastatin or placebo forup  No difference in primary outcome of Simvastatin does not provide
Respiratory Distress Syndrome to 28 days in patients with Berlin ventilator-free days. More treatment related  benefit in all cause ARDS
(HARP-2)%3¢ defined ARDS adverse events in simvastatin group but
similar number of serious adverse events
Randomized Clinical Trial of 2015 Mebulized budesonide/formoterol v Greater improvement in 5a0,/F0O, in Inhaled IC5/LABA warrants
a Combination of an Inhaled placebo among hypoxemic patients  intervention arm. No progression to ARDS in  further investigation for
Corticosteroid and Beta Agonist in the emergency department with at  intervention group prevention of ARDS
in Patients at Risk of Developing least one risk factor for ARDS
the Acute Respiratory Distress
Syndrome (LIPS-B)**
Dexamethasone Treatment for 2020 20 mg dexamethasone daily 4.8 (95% CI 2.57 to 7.03) more Early treatment with
the Acute Respiratory Distress on days 1-5 followed by 10 mg ventilator-free days (primary outcome) in dexamethasone might benefit
Syndrome (DEXA-ARDS)*® dexamethasone daily on days 6-10 in  intervention group. Lower 60 day mortality  patients with established
patients with established (after 24 h)  in intervention group and no differencein =~ moderate-to-severe ARDS
moderate-to-severe ARDS compared  adverse events
with standard care
Dexamethasone in Hospitalized 2021 6 mg dexamethasone daily forupto  Lower 28 day mortality (primary outcome)  Dexamethasone is beneficial
Patients with COVID-19 10 days v usual care alone in patients in patients with any oxygen reguirement, and should be administered to
(RECOVERY Dexamethasone)™* admitted to hospital with covid-19 including mechanical ventilation (RR 0.64,  patients with covid-19 ARDS
95% C1 0.51 to 0.81). No benefit in patients
not requiring oxygen
Hydrocortisone in Severe 2023 Continuous infusion of 200 mg Terminated early because of feasibility Although not specific to
Community Acquired Pneumenia hydrocortisone/day for 4 days for during covid-19 pandemic and evidence of ARDS, some of the patients in
(CAPECOD)™° followed by taper for total course of benefit after second interim analysis. 5.4%  CAPECOD met criteria for ARDS.
8-14 days v placebo in patients with  lower 90 day mortality (primary outcome)  Consider steroids in patients
severe CAP Patients with septic shock and lower rates of endotracheal intubation  with non-covid ARDS due to
were excluded and vasopressor initiation in hydrocortisone severe CAP
group
Acetaminophen and Ascorbate 2024 After closure of vitamin C arm, 1:1 Lower rate of ARDS development in Paracetamol may prevent
in Sepsis: Targeted Therapy to randomization of patients with sepsis  paracetamol arm. Ascorbate arm closed development of ARDS in
Enhance Recovery (ASTER)'*° and hypotension or respiratory failure  because of evidence of harm in another critically ill patients with sepsis.
to 1 g paracetamol or placebo every & large RCT of vitamin C in sepsis A larger trial is needed
h for up to 5 days
Arrest Respiratory Failure from Recruiting Inhaled budesonide and formoterol v Study recruiting Study recruiting

Prneumonia (ARREST PNEUMOMIA)

placebo every 12 h for 10 doses

BMJ 2024
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Fig 3| Interventions to improve outcomes in acute respiratory distress syndrome (ARDS). Interventions that have Fig 4 | Investigational interventions to improve outcomes of acute respiratory distress syndrome (ARDS)
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Table 3 Comparison between 2017 and 2023 ARDS guidelines
CHANGE IN LOW TIDAL VOLUME VENTILATION
2011 - 2023 peeOMMENDATION COMMENTS
Definition - No comparison avalolo a2 tha 2017 guldaines did nat Include 2 @D in adult patients with ARDS and COVID-19-related ARDS, does low tidal volume
: wventilation alone compared with more traditional approaches to ventilation
Phenot No comparison available as the 2017 guidelines did not include an decrease mortality?
types ARDS Phenotype domain.
High flow nasal oxygen No comparison available as the 2017 guidelines did not include 1 We recommend the use of low tidal volume ventilation strategies (i.e., 4-8 ml/ @ OF EVIDENCE
ve recommendations on high flow nasal exygen. kg PBW), compared to larger tidal volumes (traditionally used to normalize blood
gases), to reduce mortality in patients with ARDS not due to COVID-19.
g MNo comparisan available as the 2017 guidelineg did not include
Non-Invasive ventilation - recommendatians an non-invasive ventilation.
2 This recommendation applies also to ARDS from COVID-18. @ OF EVIDENCE
= In agreement with the use of low fidal volume strategies.
Tidal volume (N 2023 guidelines extend this recommendation to patients with COVID-19.
2017: suggest that adult patients with moderate or severe ARDS receive
Positive end-expiratory @ higher rather than lower levels of PEEP.
pressure 2023: analysis of data does not allow to make a recommendation for or
against higher PEEP strategy.
2017: suggest that adult patients with ARDS receive RMs.
Recrultment maneuvers @ 2023: recommend against RMs due to increased mortality and risks.
2017: recommend that HFOV not be used routinely in patients with
moderate or severe ARDS.
Osclllatory veniliation 2023: not examined given the absence of studies since 2017 and the
lack of use of HFVO in adults.
= Agreement with the use of prone position in ARDS. Additions in 2023
Prone position N are the use of awake proning and the use in COVID-18.
No comparison available as the 2017 guidelines did not include
Neuromuscular blockade - recommendations on neuromuscular blockade.
2017: additional evidence is necessary to make a definitive
:’:‘m::':" retion ® recommendation,
xyge 2023; recommend ECMO in palients with severs ARDS.
Extracorporeal Mo comparison available as the 2017 guidelines did not include
CO. removal recommendations on extracorporeal CO, removal. N EE EE EE BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN Em B Em B Em
2 2023 guidelines recommend against ECE:Dﬁ in ARDS.
LEVELS OF EVIDENCE: 9 ND @ STRONG WEAK
NO EVIDENCE / VERY LOW LEVEL / LOW LEVEL / / RECOMMENDATION RECOMMENDATION RECOMMENDATION

NEW RECOMMENDATION CHANGE IN ~
AVAILABLE . HOT AVAILABLE JOOMAIN SINCE 2017 @ RECOMMENDATION t\_‘) NOCHANGE HOT COMSIDERED
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CONFERENCE REPORTS AND EXPERT PANEL

ESICM guidelines on acute respiratory
distress syndrome: definition, phenotyping
and respiratory support strategies

Table 3 Comparison between 2017 and 2023 ARDS guidelines

CHANGE IN
2017 12023 pecOMMENDATION

Definition

High flow nasal oxygen -
Neon-invasive ventilation -

Tidal volume

Phenotypes

Positive end-expiratory
pressure

Recruitment maneuvers

Oscillatory ventilation

Prone position

Neuromuscular blockade -

Extracorporeal

membrane oxygenation
Extracorporeal
AVAILABLE . NOT AVAILABLE

CO, removal

®

®

HEW RECOMMENDATION
/DOMAIN SINCE 2017

COMMENTS

Mo comparison available as the 2017 guidelines did notinclude a
Definition domain.

No comparison available as the 2017 guidelines did not include an
ARDS Phenotype domain.

No comparison available as the 2017 guidelines did not include
recommendations on high flow nasal oxygen.

MNo comparisan available as the 2017 guidelineg did not include
recammendations on non-invasive ventilation,

In agreement with the use of low fidal volume strategies.
2023 guidelines extend this recommendation to patients with COVID-18.

2017: suggest that adult patients with moderate or severe ARDS receive
higher rather than lower levels of PEEP.

2023: analysis of data does not allow to make a recommendation for or
against higher PEEP strategy.

2017: suggest that adult patients with ARDS receive RMs.
2023: recommend against RMs due to increased mortality and risks.

2017: recommend that HFOV not be used routinely in patients with
moderate or severe ARDS.

2023: not examined given the absence of studies since 2017 and the
lack of use of HFVO in adults.

Agreement with the use of prone position in ARDS. Additions in 2023
are the use of awake proning and the use in COVID-18.

No comparison available as the 2017 guidelines did not include
recommendations on neuromuscular blockade.

2017: additional evidence is necessary to make a definitive
recammendatian,
2023; recommend ECMO in patients with severe ARDS.

Mo comparison available as the 2017 guidelines did not include
recommendations on extracorporeal CO, removal.
2023 guidelines recommend against ECE:Dﬁ in ARDS.

CHANGE IN -
@ RECOMMENDATION ()] NOCHANGE NOT CONSIDERED

Chiok for
wndulus

POSITIVE END-EXPIRATORY PRE AND RECRUITMENT MANEUVERS

LEVELS OF EVIDENCE:
NO EVIDENCE / VERY LOW LEVEL / LOW LEVEL / /

In patients with ARDS undergoing invasive mechanical ventilation, does
routine positive end-expiratory pressure (PEEP) titration using a higher PEEP/
Fi0, strategy compared to a lower PEEP/FiO, strategy reduce mortality?

We are unable to make a recommendation for or against routine PEEP fitration
with a higher PEEP/FIO, strategy versus a lower PEEP/FIO, strategy to reduce
maortality in patients with ARDS.

This statement applies also to ARDS from COVID-18.

In patients with ARDS undergoing invasive mechanical ventilation, does
routine PEEP titration based principally on respiratory mechanics compared
to PEEP titration based principally on a standardized PEEP/FiO, table reduce
mortality?

We are unable to make a recommendation for or against PEEP fitration guided
principally by respiratory mechanics, compared to PEEP titration based principally
on PEEP/FIO, strategy, to reduce mortality in patients with ARDS.

This statement applies also to ARDS from COVID-18.

In patients with ARDS undergoing invasive mechanical ventilation, does use
of prolonged high-pressure recruitment maneuvers (RMs), compared to not
using prolonged high-pressure RMs, reduce mortality?

We recommend against use of prolonged high-pressure RMs (defined as airway
pressure maintained = 35 cmH,O for at least one minute) to reduce mortality of
patients with ARDS.

This recommendation applies also to ARDS from COVID-19.

In patients with ARDS undergoing invasive mechanical ventilation, does
routine use of brief high-pressure RMs, compared to no use of brief high-
pressure RMs, reduce mortality?

We suggest against routine use of brief high-pressure RMs (defined as airway
pressure maintained = 35 cmH,O for less than one minute) to reduce mortality in
patients with ARDS.

This suggestion applies also to ARDS from COVID-19.

9 OF EVIDENCE
9 OF EVIDENCE

9 OF EVIDENCE
0 OF EVIDENCE

@ OF EVIDENCE
@ LOW LEVEL OF EVIDENCE

OF EVIDENCE

OF EVIDENCE

NO STRONG
RECOMMENDATION RECOMMENDATICN

WEAK
RECOMMEMDATION
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CONFERENCE REPORTS AND EXPERT PANEL

ESICM guidelines on acute respiratory
distress syndrome: definition, phenotyping
and respiratory support strategies

Table 3 Comparison between 2017 and 2023 ARDS guidelines

CHANGE IN
2017 12023 pecOMMENDATION

Definition

Neon-invasive ventilation -

Tidal volume

Phenotypes

High flow nasal oxygen

Positive end-expiratory
pressure

Recruitment maneuvers

Oscillatory ventilation

Prone position

Neuromuscular blockade -

Extracorporeal

membrane oxygenation
Extracorporeal
AVAILABLE . NOT AVAILABLE

CO, removal

®

®

HEW RECOMMENDATION
/DOMAIN SINCE 2017

COMMENTS

Mo comparison available as the 2017 guidelines did notinclude a
Definition domain.

No comparison available as the 2017 guidelines did not include an
ARDS Phenotype domain.

No comparison available as the 2017 guidelines did not include
recommendations on high flow nasal oxygen.

MNo comparisan available as the 2017 guidelineg did not include
recammendations on non-invasive ventilation,

In agreement with the use of low fidal volume strategies.
2023 guidelines extend this recommendation to patients with COVID-18.

2017: suggest that adult patients with moderate or severe ARDS receive
higher rather than lower levels of PEEP.

2023: analysis of data does not allow to make a recommendation for or
against higher PEEP strategy.

2017: suggest that adult patients with ARDS receive RMs.
2023: recommend against RMs due to increased mortality and risks.

2017: recommend that HFOV not be used routinely in patients with
moderate or severe ARDS.

2023: not examined given the absence of studies since 2017 and the
lack of use of HFVO in adults.

Agreement with the use of prone position in ARDS. Additions in 2023
are the use of awake proning and the use in COVID-18.

No comparison available as the 2017 guidelines did not include
recommendations on neuromuscular blockade.

2017: additional evidence is necessary to make a definitive
recammendatian,
2023; recommend ECMO in patients with severe ARDS.

Mo comparison available as the 2017 guidelines did not include
recommendations on extracorporeal CO, removal.
2023 guidelines recommend against ECE:Dﬁ in ARDS.

CHANGE IN -
@ RECOMMENDATION ()] NOCHANGE NOT CONSIDERED

Chook for
updalon

‘ PRONE POSITIONING

In intubated patients with ARDS, does prone position compared to supine
position reduce mortality?

We recommend using prone position as compared to supine position for patients
with moderate-severe ARDS (defined as PaO,/Fi0,<150 mmHg and PEEP=5
cmH,0, despite optimization of ventilation settings) lo reduce mortality.

This recommendation applies also ta ARDS from COVID-19.

In patients with moderate-severe ARDS, when should prone paositioning be
started to reduce mortality?

We recommend starting prone position in patients with ARDS receiving invasive
mechanical ventilation early after intubation, after a period of stabilization during
which low tidal volume is applied and PEEFP adjusted and at the end of which the
Pa0,/Fi0, remains <150 mmHg; and proning should be applied for prolonged
sessions fiﬁ consecutive hours or more) to reduce mortality.

This recommendation applies also to ARDS from COVID-19.

@

OF EVIDENCE

OF EVIDENCE

OF EVIDENCE

OF EVIDENCE

LEVELS OF EVIDENCE:
NO EVIDENCE / VERY LOW LEVEL / LOW LEVEL / f

9 ND @ STRONG
RECOMMENDATION RECOMMENDATION

WEAK
RECOMMENDATION
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CONFERENCE REPORTS AND EXPERT PANEL

ESICM guidelines on acute respiratory
distress syndrome: definition, phenotyping
and respiratory support strategies

Table 3 Comparison between 2017 and 2023 ARDS guidelines

CHANGE IN
2017 12023 pecOMMENDATION COMMENTS

Mo comparison available as the 2017 guidelines did notinclude a
Definition - Definition domain.

No comparison available as the 2017 guidelines did not include an
Phenotypes - ARDS Phenotype domain.

No comparison available as the 2017 guidelines did not include
recommendations on high flow nasal oxygen.

Neon-invasive ventilation -

High flow nasal oxygen

MNo comparisan available as the 2017 guidelineg did not include
recammendations on non-invasive ventilation,

= In agreement with the use of low fidal volume strategies.

Tidal volume (N 2023 guidelines extend this recommendation to patients with COVID-18.
2017: suggest that adult patients with moderate or severe ARDS receive

Positive end-expiratory @ higher rather than lower levels of PEEP.

pressure 2023: analysis of data does not allow to make a recommendation for or
against higher PEEP strategy.

Recrultment maneuvers @ 2017: suggest that adult patients with ARDS receive RMs.

2023: recommend against RMs due to increased mortality and risks.

2017: recommend that HFOV not be used routinely in patients with
moderate or severe ARDS.

2023: not examined given the absence of studies since 2017 and the
lack of use of HFVO in adults.

Oscillatory ventilation

Agreement with the use of prone position in ARDS. Additions in 2023

Prone position (N are the use of awake proning and the use in COVID-18.

No comparison available as the 2017 guidelines did not include
Neuromuscular blockade - recommendations on neuromuscular blockade.

2017: additional evidence is necessary to make a definitive
Eudracorporsal ® recommendation,

membrane oxygenatian 2023; recommend EGMO in patients with severs ARDS.

Mo comparison available as the 2017 guidelines did not include
g“ﬂm’l recommendations on extracorporeal CO, removal.
2 2023 guidelines recommend against ECE:Dﬁ in ARDS.

NEW RECOMMENDATION @ CHANGE IN

JDOMAIN SINCE 2017 RECOMMENDATION () NOCHANGE NOT COWSIDERED

AVAILABLE . HOT AVAILABLE

m NEUROMUSCULAR BLOCKING AGENTS

Chiook for
updilig
€D Does the routine use of a continuous infusion of neuromuscular blocki ng
agents (NMBA) in patients with moderate to severe ARDS not due to COVID-19
or moderate to severe ARDS due to COVID-19 reduce mortality?

1 We recommend against the routine use of continuous infusions of NMBA to reduce
mortality in patients with moderate to severe ARDS not due to COVID-19.

OF EVIDENCE

2 We are unable to make a recommendation for or against the routine use of 9 NO EVIDENCE
continuous infusions of NMBA to reduce mortality in patients with moderate to
severe ARDS due to COVID-19.

EXTRACORPOREAL LIFE SUPPORT

GD In adult patients with severe ARDS or COVID-19 does veno-venous
extracorporeal membrane oxygenation (VV-ECMO) compared with
conventional ventilation improve outcomes?

1 We recommend that patients with severe ARDS not due to COVID-19 as defined by @ OF EVIDENCE
the EOLIA trial eligibility criteria, should be treated with ECMO in an ECMO centre
which meels defined organisational standards, adhering to a management sirategy
similar to that used in the EOLIA trial.

2 This recommendation applies also to severe ARDS from COVID-19. @ LOW LEVEL OF EVIDENCE

@ In adult patients with ARDS, does extracorporeal carbon dioxide removal

(ECCO,R) compared with conventional ventilation improve cutcomes?

! We recommend against the use of ECCO,R for the treatment of ARDS not due to @ OF EVIDENCE
COVID-19 to prevent mortality outside of randomized controlled trials.

2 This recommendation applies also to severe ARDS from COVID-18. @ OF EVIDENCE

0 NO @ STRONG
RECOMMENDATION RECOMMENDATION

LEVELS OF EVIDENCE:

: WEAK
NO EVIDENGE / VERY LOW LEVEL / LOW LEVEL / ! RECOMMENDATION
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CONTINUOUS POSITIVE AIRWAY PRESSURE / NON-INVASIVE VENTILATION
li'il In non-mechanically ventilated patients with AHRF not due to cardiogenic
HIGH FLOW NASAL OXYGEN pulmonary edema, obesity hypoventilation or acute exacerbation of COPD,

does CPAP/NIV, as compared to COT reduce mortality or intubation?

ﬁl In non-mechanically ventilated patients with acute hypoxemic respiratory
failure (AHRF) not due to cardiogenic pulmonary edema or acute exacerbation
of chronic obstructive pulmonary disease (COPD), does high flow nasal
oxygen (HFNO) compared to conventional oxygen therapy (COT) reduce
maortality or intubation?

Aati

1 We are unable to make a recc for or against the use of CPAP/NIV 0 OF EVIDENCE FOR MORTALITY
compared to COT for the treatment of AHRF (nat related to cardiogenic pulmonary OF EVIDENCE FOR INTUBATION
edema or acute exacerbation of COPD) to reduce mortality or to prevent intubation.

2 We suggest the use of CPAP over COT 1o reduce the risk of intubation in patients LOW LEVEL OF EVIDENGE

1 We recommend that non-mechanically ventilated patients with AHRF not due to with AHRF due to COVID-19.

cardiogenic pulmonary edema or acute exacerbation of COPD receive HFNO as
compared to COT to reduce the risk of intubation.

OF EVIDENCE

3 We are unable to make a recommendation for or against the use of CPAP over 0 OF EVIDENCE
COT to reduce mortality in AHRF due to COVID-19,

2 This recommendation applies also to AHRF from coronavirus 2019 (COVID-19) LOW LEVEL OF EVIDENCE

@ In patients being treated with CPAP/NIV for AHRF, does the use of a helmet

©0e ©

# We are unable to make a recommendation for or against the use of HFNO over OF EVIDENGE interface as compared to face mask reduce intubation or mortality?
COT to reduce mortality.
) ) ) 1 We are unable to make a r dation for or i the use of helmet 0 VERY LOW LEVEL OF EVIDENCE
4 This recommendation applies also to AHRF from COVID-19. OF EVIDENCE interface for CPAP/NIV as compared to face mask to prevent intubation or reduce

mortality in patients with AHRF.

@ In non-mechanically ventilated patients with AHRF not due to cardiogenic

pulmonary edema or acute exacerbation of COPD, does HFNO compared to €D In patients with AHRF, does NIV as compared to CPAP reduce mortality or
non-invasive ventilation (NIV) reduce mortality or intubation? intubation?
1 We are unable to make a recommendation for or against the use of HFNO 9 JERAL OF EVIDENCE FOR MORTALITY 1 We are unable to make a recommendation for or against the use of NIV compared
compared to continuous positive airway pressure (CPAP)/NIV to reduce intubation LOWLEVEL OF EVIDENCE FOR INTUBATION to CPAP for the treatment of AHRF. a0 HO EvIDEcE

or mortality in the treatment of unselected patients with AHRF not due to cardiogenic
pulmeonary edema or acute exacerbation of COPD.

2 We suggest that CPAP/NIV can be considered instead of HFNO to reduce the risk OF EVIDENCE ‘ PRONE POSITIONING

of intubation in AHRF due to COVID-19.

ED In non intubated patients with AHRF, does awake prone positioning (APP) as

®  No recommendation can be made for whether CPAP/NIV can decrease mortality 9 OF EVIDENCE compared to supine positioning reduce intubation or mortality?
compared to HFNO in COVID-19.

1 We suggest awake prone positioning as compared to supine positioning for non- LOW LEVEL OF EVIDENCE
- N N EE BN BN BN N BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN Em B B Em intubated patients with COVID-19-related AHRF to reduce intubation.
LEVELS OF EVIDENCE: ) 9 NO STRONG WEAK
MO EVIDEMCE / VERY LOW LEVEL / LOW LEVEL / ! RECOMMENDATION RECOMMENDATION RECOMMENDATION 2 \We are unable to make a recommendation for or against APP for non-intubated g OF EVIDENCE
patients with COVID-19-related AHRF to reduce mortality.

3 We are unable to make a recommendation for patients with AHRF failure not due g NO EVIDENCE
to COVID-19.

LEVELS OF EVIDENCE: NO STRONG WEAK
NO EVIDEMCE / VERY LOW LEVEL / LOW LEVEL / ! RECOMMENDATION RECOMMENDATION RECOMMENDATION



Overview

2023 ARDS CPG: ATS  ....vucmuse

recommendations for the management of e
patients with acute respiratory distress _
syndrome (ARDS) (Figure 1). New Recommendations from the 2017 guideline

recommendations in this guideline include:  that remain in place include:
AMERICAN THOF ’

DOCUMENTS e We suggest using corticosteroids for ¢ Werecommend using mechanical
patients with ARDS (conditional ventilation strategies that limit tidal
An Update on Management of Adult Patients with Acute Respiratory recommendation, moderate certainty of  volume (4-8 mL/kg predicted body
evidence). weight) and inspiratory pressures

Distress Syndrome

An Official American Thoracic Society Clinical Practice Guideline © Wesuggest using venovenous (plateau pressure <30 cm H,0) in
extracorporeal membrane oxygenation

(VV-ECMO) in selected patients with patients with ARDS (strong
severe ARDS (conditional recommendation, moderate certainty of
evidence).

recommendation, low certainty of .
* Werecommend prone positioning for

E— evidence). - ’ -
l }} iy e e We suggest using neuromuscular >12 hours per day in patients mi: )
Blockade* ! blockers in patients with ea ﬂ}r severe severe ARDS (strong recommendation,
= | ; & o | wecmor J ARDS (conditional recommendation, moderate certainty of evidence).
B  Conditional ' ; L . . * Werecommend against the routine use
@0 Recommendation . — low certainty of evidence). : i e
L in Favor a y ) . " . of high-frequency oscillatory ventilation
Systemic Corticosteroids* e With regard to positive end-expiratory ) - )
=2 ). 2 pressure (PEEP): in patients with moderate or severe
[% High PEEP" o We suggest using higher PEEP ARDS (strong recommendation, high

without lung recruitment maneuvers
(LRMs) as opposed to lower PEEP in
patients with moderate to severe
ARDS (conditional recommendation,
low to moderate certainty).

- certainty of evidence).

o acd n wxcacancy <y
rerertie and ecapaciatr CNS swhokogy |

1
| 100

Pa0,/Fi0,

j

— ' o We recommend against using P9 /: ¥
ERIY,OLARDS prolonged LRMs in patients with === ===
moderate to severe ARDS (strong s -

recommendation, moderate |

x Figure 2. Precautions and practical for the use of venovenous memt
certam }? . neuromuscuar blocking agents, and posiive end-expiatory pressure. ARDS = acute respiralory distress syndrome; CNS = centra nervous




Korean ARDS CPG, the 2" Edition

“compared with ATS/ESICM”

KATRD Study Group of Intensive Care
KSCCM Study Group of Respiratory Failure
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Lung Protective Ventilation

TABLE 24.5 Protocol for Lung Protective Ventilation in ARDS

First Stage 1. Calculate patient’s predicted body weight (PBW)'.
Males: PBW =50 + [2.3 x (height in inches - 60)]
Females: PBW = 45.5 + [2.3 x (height in inches - 60)]

2. Set initial tidal volume (V) at 8 mL/kg PBW.

3. Add positive end-expiratory pressure (PEEP) of 5 cm H,0.
4, Select the lowest FI0, that achieves an Sp0O, of 88-95%.
5. Reduce V; by 1 mL/kg every 2 hrs until V; = 6 mL/kg.

Second Stage 1. When V, = 6 mL/kg, measure plateau pressure (Ppl).

Still not included about
“Driving Pressure”

2. If Ppl =30 cm H,0 decrease V; in 1 mL/kg increments until Ppl <30 cm H,0 or V;. =4 mL/kg.

Third Stage 1. Monitor blood gases for respiratory acidosis.

2. If pH = 7.15-7.30, increase respiratory rate (RR) until pH >7.30 or RR = 35 bpm.

3. If pH <7.15, increase RR to 35 bpm. If pH is still <7.15, increase V in 1 mL/kg increments until pH >7.15.

Optimal Goals  V;=6 mL/kg, Ppl =30 cm H,0, 5p0, = 88-95%, pH = 7.30-7.45.

Adapted from the protocol developed by the ARDS Network, available at www.ardsnet.org.

TPredicted body weight is the weight associated with normal lung volumes.

Marino’s The ICU Book, 5th Edit
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Additional recommendation
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Additional recommendations

(P/F ratio <150)
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Extracorporeal Membrane Oxygenation (ECMO) for Severe ARDS

INTERNATIONAL, RANDOMIZED CLINICAL TRIAL

Conventional treatment

with ECMO backup

P 5/0 60-day Mortality

(P=0.09)

(44/124) Stopped early for futility

(57/125)

£ Crossover for refractory hypoxemia (35 patients)

e

More bleeding, more severe thrombocytopenia, and fewer ischemic strokes in the early ECMO group

™ NEW ENGLAND JOURNAL of MEDICINE Combes et al. 2018
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Additional recommendations

Mo 7| A8 7| R0 = 27811, 342 0|4 P/F ration

<50mmHg = 6A[{F O] PaO, <80mmHg

DB <32 cmH,0 E FX|517] 2[5 6A|Z S pH

<7.25 O|HA| PaCO, 260 mmHg 2 ZBL (253 <35/min)

* FIO, 280%, VT <bml/kg, PEEP 210 cmH,0O
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Dexamethasone Control Between-group p value
group (n=139) group difference (95% C1)
(n=138)
Ventilator-free days at 28 days 12-3(9-9) 7-5(9-0) 4-8(257t07-03) <0-0001
All-cause mortality at day 60 29 (21%) 50(36%) -153%(-259t0-49) 00047
ICU mortality 26 (19%) 43 (31%) ~12.5%(-22-4t0-23) 0-0166
Hospital mortality 33 (24%) 50(36%) -125%(-22.9to-17) 00235
Actual duration of mechanical 142 (132) 195(132) -53(-8:4t0-2:2) 00009
ventilation in ICU survivors, days
Actual duration of mechanical 14-3(13:3) 202(140) -59(-91to-27) 00004
ventilation in survivors at day 60, days
Adverse events and complications®
Hyperglycaemia in ICU 105 (76%) 97 (70%) 5:2% (-5:2 t0 15.6) 033
New infections in ICU 33(24%) 35 (25%) 1.6% (-8-5t0117) 075
Barotrauma 14 (10%) 10 (7%) 2.8%(-4-0t0 9-8) 0-41

Data are n (%) or mean (D). ICU=intensive care unit. *Data included the period from randomisation to day 10 (for
hyperglycaemia) and from randomisation to ICU discharge (for new infections and barotrauma),

Table 2: Outcomes, adverse events, and complications
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2023 ARDS CPG: ATS vs ESICM vs Korea
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Aspect
Scope

ARDS Definition

Phenotypes

HFNO

NIV

Tidal Volume

PEEP

Prone Positioning

MNeuromuscular Blockade

ECMO

Corticosteroids

ATS Guideline (2024)

Adult ARDS patients, focus on
non-pharmacological
respiratory support strategies

Maintains existing Berlin
definition

Not mentioned

No recommendation

No recommendation

4-8 mL/kg PBW strongly
recommended

Conditional recommendation
for higher PEEP in moderate-
severe ARDS

Strongly recommended in
severe ARDS

Conditional recommendation in
early severe ARDS

Conditional recommendation in
selected severe ARDS patients

ESICM Guideline (2023)

Adult ARDS and acute
hypoxemic respiratory failure
patients, includes definition and
phenotypes

Discusses limitations of Berlin
definition and suggests future
improvements

Detailed discussion of ARDS
phenotypes

Strong recommendation over
conventional oxygen therapy

No recommendation compared
to HFNO

6 mL/kg PBW strongly
recommended

No recommendation for
higher PEEP in moderate-
severe ARDS

Strongly recommended in
moderate-severe ARDS

No recommendation in
moderate-severe ARDS

Strongly recommended in
selected severe ARDS patients

Conditional recommendation No recommendation

KATRD-KSCCM Guideline (2025)

Adult ARDS patients, focus on non-pharmacological and
pharmacological treatments

Maintain existing Berlin definition

Not mentioned

No recommendation

No recommendation

6 mL/kg PBW strongly recommended

No recommendation for higher PEEP in moderate-severe
ARDS

Strongly recommended in moderate-severe ARDS

Conditional recommendation in early (<48 hrs) ARDS

Conditional recommendation in selected moderate-severe
ARDS

Conditional recommendation



2023 ARDS CPG: ATS vs ESICM-vs Korea
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Aspect ATS Guideline (2024)

Scope Adult ARDS patients, focus on
non-pharmacological

respiratory support strategies

ARDS Definition Maintains existing Berlin

Phenotypes

HFNO

NIV

Tidal Volume

PEEP nditional recommendati

for higher PEEP in moderate-
severe ARDS

Strongly recommended in
severe ARDS

Prone Positioning

Meuromuscular Blockade Conditional recommendation in

early severe ARDS

ECMO Conditional recommendation in

selected severe ARDS patients

ESICM Guideline (2023)

Adult ARDS and acute
hypoxemic respiratory failure
patients, includes definition and
phenotypes

etailed discussion of ARDS
phenotypes

Strong recommendation over
conventional oxygen therapy

No recommendation compared
to HFNO

6 mL/kg PBW strongly

Strongly recommended in
moderate-severe ARDS

Weak recommendation in
moderate-severe ARDS

Weak recommendation in
severe ARDS

KATRD-KSCCM Guideline (2025)

Adult ARDS patients, focus on non-pharmacological and
pharmacological treatments

Maintain existing Berlin definition

Driving Pressure : Conditional recommended

Inhaled NO : Against recommended



Corticosteroids in SCCM
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ONLINE SPECIAL ARTICLE

2024 Focused Update: Guidelines on Use of
Corticosteroids in Sepsis, Acute Respiratory
Distress Syndrome, and Community-Acquired

Pneumonia

Population, Intervention, Control, and Outcomes Questions

Population Intervention Comparison Outcomes
Should corticosteroids ba administered to hospitalized patients with sepsis?
All adult and pediatric Corticosteroids Placebo or no Supplemental Digital Content 4
patients with sapsis corticostarcids (http:/links.ww.com/CCM/H475)
If patients with sapsis are administered corticosteroids, should high dosa/short duration or low dosaflong duration be used?
All adult and pediatric High dosa/short duration Low doseflong duration  Supplemental Digital Content 4
patients with sepsis (hittp=//links.hww.com/CCM/H475)
('Should corticosteroids compared with no corticosteroids be used in patients with ARDS? N
All adult and pediatric Corticosteroids Placebo or no Supplemental Digital Content 4
patients with ARDS corticosteroids (httpo/links. ww.com/CCM/H475)
Should mathylprednisolone be used over other corticosteroids in patients with ARDS?
All adult and pediatric Methylprednisolona Dexameathasone, Supplemental Digital Content 4
\ Patients with ARDS hydrocortisone {http:/flinks.ww.com/CCM/H475) "/
Should corticosteroids ba administered to hospitalized patients with CAP?
All adult and pediatric Corticosteroids Placebo or no Supplemental Digital Content 4
patients with CAP corticosteroids (http:/flinks.lww.com/CCM/H475)

ARDS = Acute Respiratory Distress Syndrome, CAP = community-acquired pneumonia



Summary of Recommendations®

Recommendation Strength, Comparison to 2017 Tecw
Recommendation 2024 Quality of Evidence Recommendations
Acute respiratory distress syndrome
2A. We "suggest” administering corticosteroids to  Conditional recommenda- We suggest use of corticosteroids
adult hospitalized patients with acute respiratory  tion, moderate certainty in patients with early moderate to
distress syndrome evidence severe acute respiratory distress

syndrome (Pao,/Fio, of < 200
and within 14 d of onsat) (condi-
tional recommendation, modarate

quality of evidenca)

Corticosteroid Dosing Regimens

Disease State Common Corticosteroid Regimens

ARDS Early ARDS (within 24 hr)
Dexamethascne 20mg IV daily for 5 d, then 10mg IV daily for 5 d until extubation (64)

Early ARDS (within 72 hr) (65)
Methylprednisolona 1 mg/kg IV bolus, than
* Days 1-14: 1 mgfkg/d continuous infusion
* Days 15-21: 0.9mg/kg/d

* Days 22-23: 0.25mg/kg/d
* Days 26—28: 0.125mg/kg/d

* If extubated betwseen days 1 and 15 then advance to day 15 of regimen

Unresolving ARDS (7-21 d) (26)
Methylprednisolona 2 mg/kg IV bolus, than
* Days 1-14: 2mg/kg/d divided every 6hr
* Days 15-21: 1 mg/kg/d
* Days 22-28: 0.5mg/kg/d
* Days 20-30: 0.23mg/kg/d

* Days 31-32: 0.125mg/kg/d
* If extubated before day 14, then advance to day 19 of regimen drug therapy



Summary of Recommendations®

Recommendation Strength, Comparison to 2017 Tecw
Recommendation 2024 Quality of Evidence Recommendations
Acute respiratory distress syndrome
2A. We "suggest” administering corticosteroids to  Conditional recommenda- We suggest use of corticosteroids
adult hospitalized patients with acute respiratory  tion, moderate certainty in patients with early moderate to
distress syndrome evidence severe acute respiratory distress

syndrome (Pao,/Fio, of < 200
and within 14 d of onsat) (condi-
tional recommendation, modarate

quality of evidenca)

Corticosteroid Dosing Regimens

TABLE 24.3 Recommendations for Corticosteroid Therapy in ARDS

I
COVID-19 that requires any of the Dexamethasone: 6 mg (IV or PO} once daily for up to 10 days.
following:

a. Oxygen therapy
b. Noninvasive ventilation
c. Mechanical ventilation

Moderate-to-Severe ARDS in the Methylprednisolone: 1 mg/kg/day (IBW) by continuous infusion, and taper slowly
first 72 hrs after onset. over 14 days. Can eventually switch to PO therapy using once daily dosing.
Moderate-to-Severe ARDS that Same regimen as above, except the methylprednisolone dose is 2 mg/kg/day (IBW).

persists T-14 days after onset

From References 27,29. IBW = ideal body weight.
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Summary of Recommendations®

Recommendation Strength, Comparison to 2017

Recommendation 2024 Quality of Evidence Recommendations

Acute respiratory distrass syndrome
2A. We “suggest” administering corticostaroids to  Conditional recommanda- Wea suggest use of corticosteroids

adult hospitalized patients with acute respiratory  tion, moderate certainty in patients with early moderate to

distress syndrome evidence severe acute respiratory distress
syndroma (Pao,/Fio, of < 200
and within 14 d of onsat) (condi-
tional recommendation, moderate
quality of evidence)

KATRD-KSCCM Guideline (2025)

Conditional recommendation in ARDS

No mention about sub-etiology or severity
No mention about which medications, dosing, timing, schedule
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| Controversies in new definitions
: “A chromatic advice”

Key Changes in the 2023 Global Definition vs. Berlin Criteria 1. Diagnostic Reliability 2. Clinical applicability 3. Physiological Validity

Aspect Berlin Definition (2012) New Global Definition (2023)
v" Overinclusivity v' High-income settings <Sp0,/FiO; vs. PaO,/Fi0,>
Oxygenation Pa0:/Fi0: only P&0:/FiO: of SpO/FiO: (SpO2 <97%) : New definition doubles : Overdiagnosis risks
Metrics severe ARDS diagnoses, diluting research cohorts. v' Sp0O,/FiO,

Imaging Criteria

Chest X-ray/CT required

Lung ultrasound (B-lines/consolidation) added

contradicting claims of
early-stage detection.

v' Low-resource settings

: Misdiagnosis (e.g., CHF

: Reflects oxygenation and
perfusion status

Ventilation Invasive/NIV (PEEP =5 Includes HENO (flow 30 L/min) SpO,/FiO, Limitations _ vs. A_RDS) due to limited (confou_nding factor).
Support cmH-20) : Affected by hypoperfusion imaging/ultrasound v' Pa0,/FiO,
Resource N ¥ Integrates Kigali modification (Sp0O2/Fi0z <315 for low- (220, lieiielis >4r.anI/L 7 expertise. S FUC UG retom s
Adaptation ot addresse resource settings) reduces Sp_Oleloz by 20% o - _
— vs. Pa0,/FiO,). - Kigali modification improves - "SpO,/FiO, conflates
\, DS cateqory based an Sp0a/Fi0; ralo v Predictive Validity Failure ARDS recognition in low- respiratory/circulatory
: Mortality trends misalign resource areas by 34%. failure.

2000 18% 16% a9, 24% between SpO,/FiO,

Mo

g ey nses) | ERGEHUVAN BT andPa0,/FiO, severity - Training programs can > Misalignment persists even
& categories. mitigate ultrasound after adjusting for perfusion

g Defibon & 20% - av% Mortasty misinterpretation. (lactate).

= o g ) o) onsay - Eamah)  EEEREE I . - Hypoperfusion statistically

5 B oo E - impacts SpO,/FiO, but

: W o i‘é o 0% 8% 4% 27% o does not fully explain
g ) R (119rseil ERIIEREE 4 misalignment.

500 {g
e o 279 Z - SpO,/FiO, remains critical
o 14ns) (14i59) for resource-limited settings
ARDIS calegory hased on ARDS category based on deSpite limitations.
Fatl, Ficl; ratio SplL FIC, ratio
(a) (b)

Intensive Care Med (2024) 50:608-609, 1001-1002, 1003-1005
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| Controversies in new definitions
: Proposed Solutions

1. Berlin Definition Updates
v'Incorporate respiratory
Setting Recommendations mechanics (compliance,
driving pressure)
v’ Biomarkers (SRAGE, IL-6).

Implications for Clinical Practice

High-Resource Prioritize Pa02/FiOz; reserve SpO:z/FiO: for early screening.

Low-Resource Use Sp02/Fi0O:z + ultrasound; adopt Kigali criteria (SpO2/Fi02 =315).

HFNO Patients Confirm recruitability via imaging before ARDS diagnosis. ‘/ Leverage automated
radiomics for imaging
standardization.

! Future Directions
e Validation Studies:

v" PROVENT-ARDS 2.0 (NCT05249452):Prospective validation across 45 ICUs.

2. New Global Definition Refinements

v'Mandate perfusion
assessment (lactate, capillary
refill) with SpO,/FiO,.

v Require lung recruitability
testing (CT/ultrasound) for
HFNO patients.

v’ Develop Al-driven SpO2/Pa02 correction algorithms for real-time adjustments.

e Consensus Building:
v' Address etiology-specific definitions (e.g., COVID-19 vs. bacterial ARDS).
v’ Standardize lung ultrasound training globally.

Intensive Care Med (2024) 50:608-609, 1001-1002, 1003-1005



ARDS Lung ultrasound

SNUBH
IMRCCM

| New Diagnostic Device: DIAGNOSIS

Global definition of ARDS
* LUS-ARDS score:

MONITORING

» Aeration monitoring
» Prone position/

recruitment induced
reaeration
* Weaning

» Fluid resuscitation

combining LUS aeration
score and

pleural abnormalities/
subpleural consolidations

Basic LUS findings and LUS aeration score LUS findings specific for ARDS

.
<
-4
.
3

“Lung Ultrasound”

A-lines B-lines <50% B-lines >50% Consolidation Abnormal Subpleural
Score 0 of pleura of pleura Score 3 pleura consolidations
Sgg Qe 2

SUBPHENOTYPING

» Focal versus Non-focal
lung morphology

Intensive Care Med (2024) 50:1143-1145
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| New Combinations: Prone Positioning +- ECMO

T . ® o R ® T " ®
Prone positioning during extracorporeal ==  Prone positioning during extracorporeal % Prone positioning during extracorporeal St
membrane oxygenation for severe acute membrane oxygenation for severe acute membrane oxygenation for severe acute
respiratory distress syndrome. Pro respiratory distress syndrome. Con respiratory distress syndrome. Not sure
Marco Giani'#'®, Laurent Papazian®*® and Giacomo Grasselli**® Matthieu Schmidt"%*5°®, Antoine Kimmoun* and Alain Combes'%* Darryl Abrams'2'®, Christophe Guervilly* and Daniel Brodie*

sermted V6 mlkkg

*E‘};\\ﬂ,;“ P S

Intubation

Recommended

parenchyma

non-aerated
parenchyma

PEEP: 10 cmH,0
AP:14 cmH, 0
Cst: 35 mlfemH_0

Likely hyperinflated

Prone group (ref supine)
Mortality at day 90:

Proseva trial

HR: 0.48 (0.32 - 0.72)
Successful extubation at day 90:
OR: 0.45 (0.29 - 0.70)

> |
Prone Positioning !

Lung recraftom

V; 6 mlkg
PEEP: 12cmH,0
AP: 18 cmH,0
Cst: 22 mlicmH,0

Pronecmo trial

Prone group (ref supine)
Successfull ECMO weaning:

V. 3mltkg sHR 1.11 (0.71 - 1.75)
PEEP: 12cmH.0 Difference in the duration of
AP: 14 cmHZOE mechanical ventilation:

Cst: 14 ml/emH,0 =30 (-10.9 - 4.8) days

=

—

Optional
Fig. 1 Prone position in mechanically ventilated patients with severe ARDS with ECMO support. PP prone position; IMV invasive mechanical ventila

tion; ECMO extracorporeal membrane oxygenation. Timepoints of PP in severe ARDS patients: (1) before ECMO; (2) early PP during ECMO; (3) late PP
during ECMO

Less likely hyperinflated but

likely hyperinflated

low lung recruitement
potentially derecruited

Fig. 1 PROSEVA [7] and PRONECMO trials'[1] respiratory parameters, cross-sectional thoracic computed tomography scan schemes, and clinical
endpoeints before and after prone positioning. Cst static compliance; ECMO extracorporeal membrane oxygenation; HR hazard ratio; OR odds ratio;
PEEP positive end-expiratory pressure; sHR subdistribution hazard ratio; V, tidal volume; AP driving pressure

Intensive Care Med (2024) 50:944-946, 947-949, 950-952
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Aspect

Physiological
Basis

Key Evidence

Patient
Population

Timing of PP

Ventilation
Strategy

Clinical
Implications

Safety

Limitations

Pro

- Redistributes ventilation
to reduce VILI in dorsal
lung regions [Pro]

- Observational studies:
Improved survival (RR 1.31)
[Pro]

- EuroPronECMO cohort:
Early PP linked to better
outcomes [Pro]

Non-COVID ARDS likely
benefits most [Pro]

Early PP during ECMO
improves survival [Pro]

Maintains lung recruitment
during ultraprotective
ventilation [Pro]

Use PP in non-COVID
ARDS with recruitable
lungs [Pro]

Safe in experienced
centers [Pro]

Observational data bias
[Pro]

Con

- No benefit when ultra-
lung-protective ventilation is
used [Con]

- PRONECMO RCT: No
difference in ECMO weaning
(sHR 1.11) or mortality [Con]

- Higher complication rates
(pressure ulcers: 57%) [Con]

93% COVID-19 ARDS in
PRONECMOQ; results not
generalizable [Con]

PP before ECMO (95%
patients) negates additional
benefits [Con]

Ultra-lung-protective
ventilation (tidal volume ~3
mL/kg) negates PP benefits
[Con]

Avoid routine PP during
ECMO; prioritize pre-ECMO
PP [Con]

Cannula dislodgement risk
(8.1%); no mortality benefit
[Con]

PRONECMO lacked ARDS
phenotyping [Con]

Not Sure

- Uncertain due to
conflicting data; may
depend on ARDS etioloegy
[Not Sure]

- PRONECMO mostly
COVID-19 ARDS; unclear for
non-COVID [Not Sure]

- Trend toward improved
compliance with PP [Not
Sure]

- COVID-19 ARDS may mask
benefits due to prolenged
ECMO duration [Not Sure]

Early PP (<24h post-ECMO)
may help; late PP ineffective
[Not Sure]

PP may lose efficacy with
very low tidal volumes [Not
Sure]

Reserve PP for selected
patients (e.g., non-COVID,
early ECMO) [Not Sure]

Safe but resource-intensive
(90 min/session) [Not Sure]

Small RCTs (e.g., Tong et al.
2024: n=97) limit
conclusions [Not Sure]

| Key Takeaways
Pro: PP during ECMO may benefit non-COVID ARDS with
recruitable lungs, supported by observational data.

v Con: PRONECMO RCT showed no benefit for COVID-19
ARDS; PP adds risks without survival gains.

v Not Sure: Conflicting evidence; PP may help in specific
subgroups (early ECMO, non-COVID) but requires
validation.

| Ongoing Research
v' NCT05249452: RCT evaluating PP in non-COVID ARDS
on ECMO.

v Personalized approaches: Biomarker-guided PP (e.g.,
lung recruitability via CT/EIT).

Intensive Care Med (2024) 50:944-946, 947-949, 950-952
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Intensive Care Med (2024) 50:1021-1034
https://doi.org/10.1007/500134-024-07492-7

SYSTEMATIC REVIEW

. ™
Comparison of venovenous extracorporeal @

membrane oxygenation, prone position

and supine mechanical ventilation for severely
hypoxemic acute respiratory distress syndrome:
a hetwork meta-analysis

Sachin Sud'?"®, Eddy Fan®#, Neill K. J. Adhikari**°, Jan O. Friedrich?, Niall D. Ferguson*, Alain Combes®’,
Claude Guerin® and Gordon Guyatt’

Intensive Care Med (2024) 50:944-946, 947-949, 950-952
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| Managing cerebral complications of ARDS
Lung Protective Ventilation Cerebral Complications

; Hemodynamic
e instability
Increased
Se(_:or]d_ary Reduced intrathoracic
brain injury pressure

Cerebral o - Reduced
vasodilatation / 4 venous return

increased ICP‘J,

Neuromonitoring tools and treatment
Early neuroimaging e HISISEL Ut BRI Ny
« Assess for cerebral edema
Noninvasive ICP assessment — « Assess ICP to guide clinical interventions
(TCD, ONSD, Pupillometry) « Pupil assesment and prognosis

- Evaluate for seizures

EEG / qEEG — - Localize structural brain injury

+ Assess the depth of sedation

+ Evaluate MCA to assess CBEF, titrate PaCO,,

TCD — and cardiovascular hemodynamics and

evaluation of cerebral autoregulation function

Intensive Care Med (2024) 50:1149-1151
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| New Diagnostic Device: ‘ 3
u Detection of Evaluate CBFV Evaluate CA Evaluate ICP
“Brain Ultrasound” right-to-left shunt l l
- MV approaches - MV approaches - MV approaches Avoid management
q A‘l)\:)eolar - Alveolar recruitment - Prone position modalities that severely
recruitment ECMO VV - during the - ECMO VWV exacerbate intracranial
sudden decrease in PaCO2 pressure in the case of HIP
p :o oA ->¢ » % » . » L :'. » » B '_ - » '_' .' e - | ‘: ® . . % - . .- v 0 - :
- . _ = - _\—;_. Ny Sy N — Y
Fig. 1 The role of brain ultrasound in acute respiratory distress syndrome patients
~ 2

Intensive Care Med (2024) 50:1725-17 26
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| How to Titrate the Best PEEP? : Assessing “Lung Recruitability”

o110
]
]
]

1
o 8ol0
O
@

=

.l
Ol

(koo
0000150

t”’i?.:!.;"r;“i

- o ws wm = e owm = [
same PEEP
o) same closing §C()
0
Low High

Recruitability Recruitability
Low PEEP ‘gain’ High PEEP ‘gain’

for lung recruitment

-

Recruitment

] Normally aerated
Poorly aereated

@ Consolidated

@ Atelectatic

®) Recruited

CT method

Gas-Volume

method

tissue recruited 14% B

Fig. 1 Effect of recruitment as a function of the method used and effect of the PEEP applied. Panel A: In the right lung of the figures the different
percentages (%) of pulmonary units in a typical ARDS patient are depicted (consolidated 24%, atelectatic 14%, poorly ventilated 34%, normally
ventilated 28%). The left lung of the figure displays a single isolated atelectatic unit. (Panel B-upper) Using the percentages as in panel A, if the
recruitment is assessed as reinflation of atelectatic unit (CT method) the resultant recruitment is 14%. (Panel B-lower) If the recruitment is assessed
by the gas method, (which also includes increased aeration of poorly aerated units) the measured recruitment is of 48%. Panel €: The maintenance
of recruitment is independent of the number of lung units recruited but depends on their physical characteristics such as closing pressures which
are independent on the recruitability (intensive property of the system). Although the PEEP necessary to maintain the recruitment may be the same
(independent of recruitment) the gain from the application of PEEP will be affected by recruitment and higher in the patients with higher potential

Intensive Care Med (2024) 50:749-751
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| How to Titrate the Best PEEP? "%|% 2| PEEP 27 T &

|——'?—7|ﬂ1| 2 9 Atelectrauma |8t
L— PROSEVA A: 22t 2| + high PEEP

4 277/ "
|— Esophageal pressure 57’8 (EPVent &)
L— Driving pressure Z| & 3} (Amato &)

A _'_0|X-|
L—Risk of hyperinflation
- Mechanical Power 2 L| E & E

— 1

SNy go|Y-

S|
(S
7

| gt 7§J(Paoz/Fio2 <150 > H=H X{74 &)
2 M s A rdyf

OjsH 2 $H
|- covip-19 ARDS2| £0|
—EcMo B& Al £/ peep T 2F
L QS X5 7|8 HAIZt XX 2t 7t Y

|- Barotrauma
L— PEEP/FIO, H|

4 =2 7\HkE
E%ﬂ%

PP

I _'_O| ~

L 27| > p-siLl 7

“In conclusion, while recruitability gives important information on the severity of disease and the amount of atelectatic lung, PEEP selection
requires an integrated assessment of other variables such as elastance and transpulmonary pressures and hemodynamics to be truly
personalized. Attempts to PEEP selection only to recruitability may lead to confusion and potentially injurious ventilatory settings.”

Intensive Care Med (2024) 50:749-751
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Intensive Care Med (2024) 50:1175-1176
https://doi.org/10.1007/s00134-024-07445-0

CORRESPONDENCE
®

Entangled in stagnant recruitment delusions

. . * . . . . . s - .
George Briassoulis' ®, Panagiotis Briassoulis’®, Marianna Miliaraki*® and Stavroula llia'?

As always, technology can provide the monitoring capability
and potential solutions, but the goals of care remain—

Maybe it is time for the era of recruitment strategies in ARDS
to give way to a new approach. This approach would involve
titrating PEEP based on hemodynamic monitoring and real-
time EELV, stress, and strain calculations guided by artificial
intelligence (Al)-generated mechanical power algorithms.

Intensive Care Med (2024) 50:1177-1178
https://doi.org/10.1007/500134-024-07465-w

CORRESPONDENCE

Are we ready to harness Al and digital Pl

fortunately still a prerogative of the clinician in partnership with modelling for precision in PEEP settings?

the patient and their families.

Francesca Collino' ®, Luciano Gattinoni? and Luigi Camporota®*

Intensive Care Med (2024) 50:1175-1176; 1177-1178
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| How to Titrate the Best PEEP?

“Monitoring esophageal pressure” vs “Electrical Impedance Tomography”

End-expiratory occlusion (flow =0)

Esophageal pressure (Peso) monitoring in ARDS (%]

Flow lnl r\ l ﬂ
PREPARE AND CHECK A Yo -
- Ghostwal compression 2 1) Chest EIT measurements o o
1. Position the balloon in the retrocardiac esophagus (usually 35-40 0 (K IH APaw =5 l_ { N g
cm from the nostrils or lip to the end of the balloon). Check mouth 150 _ . — !-‘. _j AN —_ é °
to exclude coiling of catheter in posterior oropharynx. , APeso / BPaw =1 (0]
" . . s aso g L = x
2. Fill the balloon with air (manufacturer's volume to start) and g o . )
inspect Peso tracing for cardiac oscillations suggestive of correct 3 e SO i :_mIf' S =
sition behind the heart. 1 .
o Time W [2)RawEITimages #% 4% &% - #5 85  a»

3. Perform an airway occlusion test and monitor the Peso- and Paw-
time waveforms to evaluate for correct positioning as follows:

a) Press on the thorax (slow, bilateral, symetric compression € % 1of
2 0SEr =
during 3 to 4 seconds followed by gentle release).a z ool N
i -05fF

Alternatively, if the patient is actively breathing, wait for a a0 .'.. 4
patient’s inspiratory effort. wk ' — 3) EIT waveforms and
b) Measure maximum simultaneous change in Peso and wnt /] ( e e . . 5
ot 5 = Y ] HJ '
Paw and compute APeso/APaw. Target 0.8-1.2. If ok, start the L W T L regions-of-interest 5 Fer

measurements. If not, reposition the balloon from 0.5 to 1 ¢m, .

Paw (cmH,0)

o

=3

then recheck. %- :2 3 . . i Pf-:su, end.—msp
4. Carefully titrate the volume of air in the balloon to obtain the S ol [\ end-exp i 1]
maximal variation of Peso amplitude during tidal ventilation. £ ey I e i ) g,) . . «‘
5 Bt :|:L,;::;i;§g| Tg 4) Functional EIT images e -
S uE r 7 ' @© &
0 10 Time (s) ©
©
+  Measure direct end-expiratory PL (= Total PEEP — Peso) with an 1-a larg part of the = 12 : g:,v 40 A15‘ : g\c;; 50
occlusion and titrate PEEP for end-exp PL = 0-2 cmHzo.e s s bt L o 14 45 Q L 55
+  Measure end-inspiratory PL with the direct technique (= Pplat i B rate) 8 g :; 101 2
— Peso) and check that PLdirect < 15 cmH,O. If not, consider vy applied prossure is spent < 1.0 5 3 & o 60 ©
decreasing VT and/or PEEP.O y 10 depece heches vl 5)EIT measures 5 - S a5 2
* Measure end-inspiratory PL with the elastance ratio based b_/ E/E. ratio alows 1o detemmine e part of the aiway : -.. [+4
strategy (PL= Paw x EL/ERS) then check that PL measured this L p.rﬁf]f.. thats spen to nfats the ling (lue arovis) The 0.8+ T T +60 0 T T 70
way < 20 cmH,0. If not, cansider decreasing VT and/or PEEP. ;penm.f.;puaeepme ehestwall ” 0 5 10 15 mild moderate
PEEP (cm H,0) ARDS

Intensive Care Med (2024) 50:953-956; Thorax (2017) 72:83-93
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PEEP Step . C
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ORIGINAL ARTIC

Lung Recruitment Assessed by Electrical Impedance

Tomography (RECRUIT)
A Multicenter Study of COVID-19 Acute Respiratory Distress Syndrome

a Annemijn H. Junkman1'2‘3*, Glasiele C. Alcala“*, Bertrand Pavluvsky5'ﬁ, Oriol Flc:ca?‘ﬁ, Savino Spadarng'm,
Gaetano Scaramuzzo®'?, Lu Chen'?, Jose Dianti®'', Mayson L. de A. Sousa'?*, Michael C. Sklar'?,
Thomas Piraino'*?, Huiging Ge'?, Guang-Qiang Chen'?, Jian-Xin Zhou'3, Jie Li'*, Ewan C. Goligher* -1,
Eduardo Costa*, Jordi Mancebo'®T, Tommaso Mauri'”*, Marcelo Amato**, and Laurent J. Brochard'?#; for the
Pleural Pressure Working Group (PLUG)

AJRCCM 2023
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| How to Titrate the Best PEEP?

SYSTEMATIC REVIEW
m

Check for
updates

Electrical impedance tomography-guided
positive end-expiratory pressure titration
in ARDS: a systematic review and meta-analysis

Nickjaree Songsangvorn'Z, Yonghao Xu'#", Cong Lu', Ori Rotstein'#, Laurent Brochard ', Arthur S. Slutsky'?,
Karen E. A. Burns'® and Haibo Zhang'~%”"

CORRESPONDENCE
l“

Check for
updates

Concern for meta-analysis combining
randomized parallel and cross-over trials
Wan-Jie Gu”

CORRESPONDENCE
)

Check for
updates

Methodological considerations

in meta-analysis: evaluating RCTs, NRS,

and crossover trials for electrical impedance
tomography in PEEP titration

Nickjaree Songsangvorn'?, Arthur S. Slutsky ', Karen E. A. Burns'~" and Haibo Zhang'****

EIT Conventional Mean difference Mean difference

Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI

5.1.1 NRS

v Becher 2021 37.9 1.4 20 38.2 88 20 49% -0.30[-661,6.01] —_—

v Di Pierro 2022 27.67 14.7 31 23.96 9.64 31 51% 3.71[-2.48,9.90] i E—

v Eronia 2017 49.5 12 14 44.6 1 14 2.7% 4.90(-3.63,13.43) T

v Gibot 2021 39 8.15 17 35.11 11.49 51 7.8% 3.89[-1.11,8.89] s E—

v Heines 2019 49 24 39 45 23 39 1.8% 4.00[-6.43, 14.43] S

v Jonkman 2023 34.46 10.84 108 282 9.19 108 27.1% 6.26 [3.58 , 8.94] —

v Liu 2022 42.61 13.77 14 3839 1386 14 1.9% 4.22[-6.01,14.45] ——

v Somhorst 2022 4933 2148 75 4567 19.26 75  4.6% 3.66(-287,10.19) |

v Zhao 2019 259 59 24 20.4 53 31 21.5% 5.50[2.49,8.51] ——

Subtotal (95% CI) 342 383 T77.3% 4.92[3.34, 6.51] .

Heterogeneity: Tau® = 0.00; Chi* = 4.23, df = 8 (P = 0.84); ' = 0%

Test for overall effect: Z = 6.08 (P < 0.00001)

51.2RCT

v He 2021 33.67 13.33 61 30.33 9.63 56 11.1% 3.34 [-0.85,7.53] 1

+ Hsu 2021 33.7 7.6 42 325 1.6 45 11.6%  1.20[-2.90, 5.30] 4

% Jimenez 2023 39.56  10.91 6 3462 7.68 6 00% 494[574,15.62]

Subtotal (95% ClI) 103 101 22.7% 2.25[-0.68,5.17] “

Heterogeneity: Tau* = 0.00; Chi* = 0.51, df = 1 (P = 0.47); F = 0%

Test for overall effect: Z = 1.50 (P =0.13)

Total (95% CI) 445 484 100.0%  4.32[2.92,5.71] ¢

Heterogeneity: Tau? = 0.00; Chi* = 7.23, df = 10 (P = 0.70); I* = 0%

Test for overall effect: Z = 6.06 (P < 0.00001) 20 40 0 o 20

Higher Compliance in Conventional Higher Compliance in EIT
Fig. ]| Fig.1 Forest plots of sensitivity analysis for lung compliance: excluding RCT crossover study. EIT-guided PEEP significantly increased lung compli- bt
erogf| ance compared to conventional methods. (1 confidence interval, df degrees of freedom, P heterogeneity statistic, [V inverse variance method
\-
EIT Conventional Mean difference Mean difference

Study or Subgroup  Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Glbot 2021 28.27 5.63 17 321 10.78 51 145% -3.83[-7.82,0.16] —

Jimenez 2023 21.77 6.53 6 2352 45 6 57% -1.75[-8.10, 4.60] _

Liu 2022 13.92 218 14 1587 253 14 755% -1.95[-3.70,-0.20] »

Scaramuzzo 2020 22.37 13.78 20 19.17 9.7 20 4.2% 3.20[-4.19,10.59] —_

Total (95% CI) 57 91 100.0% -1.99[-3.51,-0.47] *

Heterogenelty: Tau® = 0.00; Chi? = 2.72, df =3 (P = 0.44); I*= 0%

Test for overall effect: Z = 2,57 (P = 0.01) 20 10 0 10 20

Test for subgroup differences: Not applicable Lower MP in EIT Lower MP in Conventional
Fig. 3 Comparison of mechanical power between EIT-guided and conventional PEEP titration. MP mechanical power, Cf confidence interval, df

degrees of freedom, F heterogeneity statistic, [V inverse variance method

Intensive Care Med (2024) 50:617-631; 1187; 1188-1189
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Electric impedance tomography-guided it

PEEP titration reduces mechanical power
in ARDS: a randomized crossover pilot trial

Jose Victor Jimenez', Elizabeth Munroe!, Andrew J. Weirauch?, Kelly Fiorino?, Christopher A. Culter?,
Kristine Nelson', Wassim W. Labaki', Philip J. Choi'?, Ilvan Co', Theodore J. Standiford', Hallie C. Prescott'* and
Robert C. Hyzy'""

EIT PEEP
TITRATION

RANDOMIZATION
(AB VS BA)

PEEP/FIO2
TABLES

Fig. 1 Trial design and crossover. Red arrows represent the time
point at which post-intervention data were collected. Center crossed
arrows represent the time of crossover
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Abstract

Background In patients with acute respiratory distress syndrome undergoing mechanical ventilation, positive end-
expiratory pressure (PEEP) can lead to recruitment or overdistension. Current strategies utilized for PEEP titration do
not permit the distinction. Electric impedance tomography (EIT) detects and quantifies the presence of both collapse
and overdistension. We investigated whether using EIT-guided PEEP titration leads to decreased mechanical power
compared to high-PEEP/FIO2 tables.

Methods A single-center, randomized crossover pilot trial comparing EIT-guided PEEP selection versus PEEP selec-
tion using the High-PEEP/FO, table in patients with moderate-severe acute respiratory distress syndrome. The
primary outcome was the change in mechanical power after each PEEP selection strategy. Secondary outcomes
included changes in the 4 x driving pressure + respiratory rate (4 AP+ RR index) index, driving pressure, plateau pres-
sure, Pa0,/FiO, ratio, and static compliance.

Results EIT was consistently associated with a decrease in mechanical power compared to PEEP/FiO, tables (mean
difference —4.36 J/min, 95% Cl — 6.7,— 1.95, p=0.002) and led to lower values in the 4AP+RR index (— 11.42 J/
min, 95% ClI—19.01, — 3.82, p=10.007) mainly driven by a decrease in the elastic—-dynamic power (— 1.61 J/

min, — 2.99, — 0.22, p=0.027). The elastic—static and resistive powers were unchanged. Similarly, EIT led to a statisti-
cally significant change in set PEEP (— 2 cmH,0, p =0.046), driving pressure, (— 2.92 cmH20, p=0.003), peak pres-
sure (— 6.25 cmH,0, p=0.003), plateau pressure (— 4.53 cmH,0, p=0.006), and static respiratory system compliance
(+7.93 ml/cmH,0, p=0.008).

Conclusions In patients with moderate—severe acute respiratory distress syndrome, EIT-guided PEEP titration
reduces mechanical power mainly through a reduction in elastic—dynamic power.

Trial registration This trial was prospectively registered on Clinicaltrials.gov (NCT 03793842) on January 4th, 2019.
Keywords Acute lung injury, Electrical impedance tomography, Respiratory distress syndrome, Mechanical

ventilators, Ventilator-induced lung injury

Critical Care(2023) 27:21
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Table 1 Baseline characteristics of participants across study arms Table 2 Comparison of changes in ventilator parameters with EIT vs tables, for all participants, n=12

All(n=12) EIT first (n=6) Tables first (n=6) Change with EIT* Change with tables** 95% Cl of mean difference pvalue
Age, median [IQR], years 61 [48, 68] 62 [50,72] 59.5 [46, 67] Mechanical Power', J/min — 2.50+£3.70 1.87£1.61 — 436 (—6.77,—1.95) 0.002
Female sex, n(%) 3(25) 1{16) 2(33) AAP 4RR Index, J/min —680X936 4621625 — 1142 (— 1901, —3.82) 0007
White race, n(%) 111 6(100) 5(83) Elastic—static powerZ, J/min —137421 0194228 — 156 (—371,058) 0138
BMI, median [IQR], kg/m? 321[25,36] 3226, 36] 32124, 36] Elastic—dynamic power?, J/min —1.13+166 0484088 — 161 (— 299, —022) 0.027
CCl, median [IQR] 2(1,5) 2(1,5) 2501,5) Resistive power”, J/min 0.01£330 1154248 —1.14 (— 4559, 2.30) 048
Tobacco Use, n(%) 9(73) 4(66) 5(83) Driving Pressure, cmH,0 — 1584232 1344131 — 202 (— 459, — 1.24) 0003
SAPS |l at ICU admission, median [IQR] 38 [33, 46] 38 [33,45] 40 [33,48] PEEP (set), cmH2O —117+180 0.834+ 180 _2 (— 395, — 005) 0.046
SOFA at ICU admission, median [IQR] 8(6,9) 76,9 85(7,10) Ppeak, cmH,0 2754355 354278 _ 625 (=979, — 271) 0,003
Elstr N S Pplat, cmH,0 2484322 2064188 — 453 (— 745, —162) 0006
EOMID-19 7(583) 4(667) 3600 RR, breaths/rmin — 054235 —075+273 025 (—271,321) 0856
Bacterial pneumonia 4(333) 2(333) 2(333) Cstat, mi/cmH,0 3244985 — 464526 7.93 (2.54,13.32) 0008
Extrapulmonary —— i IRl Pa02/Fi02 ratio 251442711 — 08946005 2603 (— 1601, 68.06) 02
Pre-intubation NIV and/or HFNC, n(%) 11(91.7) 6(100) 5(83.3)
Pa02/Fi02 Ratio, median [IQR], mmHg 1301112, 140] 1171111, 143] 1361125, 13€] Data are listed as mean = 35D
MV duration before inclusion, median [IQR], days 06[0.2,2] 0.51[0.2,2] 1[02,1] Pvalue caIc\uIated using paired t test ) ) ) ) ) .
Sedation at baseline (RASS), median [IQR] —4[—3,—45] —4[—=3,—15] —35[-3, -4 '
Baseline Ventilator Settings* median [IQR]
Tidal Volume, ml/kg/PBW 6.0[5.9,63] 6.1[5.7,6.3] 6.0[5.8,63]
Respiratory rate, breaths/min 26[20, 30] 26 [21,30] 26[20,31]
PEEF, cmH,0 15 (14, 16) 14(14,16) 16(14,16)
Cstat, ml/cmH,0 36 [29, 40] 34 (28, 39] 36 [32,42]
Ppeak, cmH,0 27[25,31] 29 [27, 35] 25 [25, 27]
Pplat, cmH,0 26[25, 28] 27 [26, 28] 26[25,27]
Driving Pressure, cmH,0 11(10,12) 12(12,14) 10(10,11)
Mechanical Power', J/min 2019, 28] 24 [20, 35] 19[18,22]
AAPXRR Index™ J/min 7064, 83] 76 [68, 84] 70[60,73]
Non-Survivors, n(%) 6 (50) 3(50) 3(50)

*Baseline ventilator settings are defined as ventilator settings at the start of the study, after randomization but prior to initiation of any study intervention
* Mechanical Power calculate using Gattinoni's simplified equation

% Mechanical Power calculated using 4APxRR index

Critical Care(2023) 27:21
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| How to Titrate the Best PEEP?

ORIGINAL
®

Check for

Personalized positive end-expiratory
pressure in spontaneously breathing patients
with acute respiratory distress syndrome

by simultaneous electrical impedance
tomography and transpulmonary pressure
monitoring: a randomized crossover trial

i . . 2 . Ry . . o . . . .
Tommaso Mauri' ®, Domenico L. Grieco™, Elena Spinelli?, Marco Leali', Joaquin Perez’®, Valentina Chiavieri',
Tommaso Rosa>*, Pierluigi Ferrara’®, Gaetano Scaramuzzo’, Massimo Antonelli**, Savino Spadaro’®

and Giacomo Grasselli'?

Intensive Care Med (2024) 50:2125-2137



IPERPEEP trial

SNUBH
IMRCCM

| Monitoring esophageal pressure

IPERPEEP protocol

Each PEEP step lasts 8 minutes.
Atthe end of each step, autamatic

Table 1 Computed respiratory mechanics parameters

measurment:
Setintervention group PEEP:

system compliance

" I - EELV
Assess eligibility criteria

- Pplat, PEEPtot, Driving pressure, raspiratory

- Compute Rl = RECyp/ Compliancepgepio

Starting from the highest PEEP level:
- Rl > 1.5 set higher PEEP
-RI< 0.5 evaluate lower PEEP level

- RI1 20.5 and £1.5 choice left to the attending physician

Start of PEEP trial from PEEP +6 to PEEP -6

Parameter

Formula

Airway driving pressure

AP = Pplat,,, — PEEP,,,

Time [min]

Transpulmonary end-inspiratory pressure Pplat, = Plat,,, — Pplat.
20 [stare ot pece ma [Ena ot e mar] Transpulmonary end-expiratory pressure PEEP, = PEEP,,, — PEEP..
Randomization Lung driving pressure AP, = Pplat, — PEEP,
l Lung plateau pressure, elastance-derived Pplat, g = Pplat,,, % (AP /AP)
- 154 ? I v / Static respiratory system compliance Cstps = V/AP
:‘ —— | | | [ T T Static lung compliance Csty = W/AP,
_E', sod ::::;. :uErESZ ::i::::“ _30 / E;E{i:‘c:r::; pf.:v:I:“ Static chest wall compliance Csteow = Vi/(Pplates — PEEP,,)
o ?:.’:::.::.Eypn:l:::\ st ¥ :;l:::":':o’:;:;: :fu:;:;‘:;'n:)' Oxygenation-stretch index 05l = Pa0,/(Fi0, x AP)
o A :::::.::I,ﬂmm e Dynamic strain Dynarnic strain = V/FRCpgepeer
5T- Static strain (strain due to PEEP) Static strain = (PEEP, g iume — ReCzeep-peep)/FRCppepset
\ i:‘l’l'::ff‘::;;’;’::’y’;::z‘;"‘;:‘nm ne Simale-breath deracratment Static stress (stress due to PEEP) Static stress = PEEP,,, x (AP /AP)
. phySClopiestuamnIes / Tarosverioaeees iﬂ‘c Dynamic stress Dynamic stress = Pplat,,, X (AP /AP)
L] 3ID GIO DIIJ 12’ h’ours (.l SIO sll.'l

Trials (2022) 23:63



ARDS Emerging treatments
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Mitochondrial

dysfunction
Mitochondrial DNA | | and reactive / .
Microthrombi

Mitochondrial
dysfunction
Mesenchymal oxygen spedies
stromal cells

Gap formation

formation

Inflammasone activation Epithelial injury Inflammation
IL-18, IL-1beta, and Ferritin SRAGE and SP-D IL-6 and sSTNFR1
IL-1 inhibitors Solnatide Corticosteroids
NLRP3 inhibitors Mesenchymal stromal cells
Disulfiram Simvastatin
1L-6 inhibitors
PP Epithelial
nflammato
4 fanvige Platelet activati
pulmonary oedema ’ ] atelet activation
" Gytokine £
reylic;slene ’ Neutrophil
recruitment
A&ivated ‘ , BALF neutrophils
. % Migrating §¢ Neutrophil
neutrophil i
4 o) extracellular traps
% formation
Cathepsin S
L/ inhibitor
Inflammasome ~ g : :
activation pf\\ Ulinastatin

endothelial cells | Endothelial

injury

Ang-2
Recombinant ACE2
Citrulline

1. Mesenchymal stromal cells and extracellular vesicles

v'Multiple beneficial effects including promoting
macrophage and T cell polarization to pro-resolving
phenotypes, promoting endothelial barrier integrity, and
enhancing alveolar fluid and pathogen clearance
v'Umbilical vs. BM

2. Biologic therapies

v’ Targeted biologics therapies such as Anti-IL-6, IL-1 RA

3. Potential therapeutic targets
v'Ang-2 or RAGE

Lancet 2022; BMJ 2024
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Cell therapy (from Japan)

_ Table 2 Ventilator-free days, ventilator weaning, re-intubation rate, and mortality rate (modified intent-to-treat analysis set)
"') Invimestrocel group (N =20) Standard group (N=10) p value
Clinical efficacy and safety of multipotent === Primary outcome

VFD from day 0 to day 28, days

adult progenitor cells (invimestrocel) for acute — — —
respiratory distress syndrome (ARDS) caused Median (0 200(00-240) 110(00-140)

LS mean® (95% Cl) 11.6(6.9-16.3) 62(-0410128)

by pneu monia: a randomiZEd, Open—|abe|, LS mean difference (95% Cl) 54(-1910128) 0.1397°

Secondary outcomes

standard therapy-controlled, phase 2 Ventiator weaning at day 28
multicenter study (ONE-BRIDGE) n 1365 360 -

Missing, n 5 5
Kazuya Ichikado'"®, Toru Kotani? Yasuhiro Kondoh?, Hideaki Imanaka®, Takeshi Jahkoh?, Kiminori Fujimoto®, Number of patients with ventilation weaning at least 15 9
Shin Nunomiya’'®, Tomotaka Kawayama®, Masanori Sawada’, Eric Jenkins'%'* Sadatomo Tasaka'' and once
Satoru Hashimoto'?! Re-intubation 4/15 (27) 3/9(33) -
Ventilation weaning after re-intubation 4715 (27) 1/9(11) -
Mortality
Day 28
(\) Healios Mission & Vision Regenerative Medicine Pipeline Development Fields IR Company Information News n/non-missing (%) 4/19(21) 27(29) 1.000°
Missing, n 1 3
ARDS Pathological Process and HLCMO51 Expected Mechanism of Action (Image) Day 60
n/non-missing (%) 5/19(26) 3/7 (43) 0.6353°
HLCMO51 Lung function
Administered improves MISSIﬂgJ n 1 3
Day 80
e SR n/non-missing (%) 5/19 (26) 3/7 (43) 0.6353¢
(pneumonia, @® [ .
etc) S “ % @gg Missing, n 1 3
I np np vy Day 180
n/non-missing (%) 5/19(26) 3/7 (43) 0.6353°
. Missing, n 1 3
Percentages are calculated using the N as the denominator except where indicated (invimestrocel group, N=20; standard group, N=10)
APACHE Il Acute Physiology and Chronic Health Evaluation Il, IQR interquartile range, LS least squares, Pa0,/F O, partial pressure arterial oxygen/fraction of inspired
When the tissue is d d, These y cells HLCMO51 accumulates in We can anticipate oxygen, VFD ventilator-free days
inflammatory cells are attack the lungs. Asaresult,  the lungs as a resultof earlier removal 2 Analysis of covariance using treatment group, age at enrollment (<75 years, > 75 years), Pa0,/F 0, ratio (> 100 mmHg, < 100 mmHg), and APACHE Il score as
released in large quantities. hypoxia develops and the Intravenous administration. from ventilator and -
patient falls into severe +It suppresses excessive lower mortality covariates
respiratory failure. inflammation in the lungs rates. b Wilcoxon rank sum test
«It protects damaged tissue
and facilitates healing CFisher's exact test

9Those who completed the study before day 180 were considered alive

Stem Cell Research & Therapy (2023) 14:217



Intensive Care Med (2023) 49:1226-1228
https://doi.org/10.1007/500134-023-07183-9

EDITORIAL * Average enrolment rate in major ARDS

Back to the future: ARDS guidelines, e trials was < 1 patient/unit/month.

eV'denC_e' and opinions * To achieve statistical power, a trial aiming for a
Luciano Gattinoni”"®, Giuseppe Citerio® and Arthur S. Slutsky*” credible outcome benefit of 6% from a baseline
Table 1 Enrolment rate in representative ARDS trials mortality rate of 40% requires > 2000 patients.

(involving 25 centres would require
approximately ten years)

v’ Broadening the entry criteria to increase the
enrolment rate would only increase heterogeneity and

ARMA [7] (1996-1999) 861 10 - 239 reduce the likelihood of success.
ALVEOLI [8] (1999- 549 23 29 0.82 : - :
2002) A v" Conversely, setting unrealistic benefits—such as a 20-
o : 2
OV [9] (2000-2006) 033 0 o8 0.8 fc())foatbrsec;[[ur’;eegfgrf(fegif in mortality—inevitably leads
EXPRESS [10] 767 37 40 0.52 '
(2002-2005)
ACURASYS [11] 340 20 24 0.71
(2006-2008)  How to overcome? Two approaches
PROSEVA [6] (2008- 466 27 43 0.40 L. : . :
2011) * The first is the improvement of clinical trials by
ART[12] (2011-2017) 1010 120 65 0.12 using novel trial designs such as adaptive
ROSE [13] (2016-2018) 1006 49 28 0.73 platform designs.
very severe ARDS « Rediscovering and emphasizing the importance
CESAR [14] (2001- 180 103 61 0.03

5006) of physiological studies, which can be
FOLIA [15] (2012-2017) 240 64 64 0.06 integrated into classical trials.




2024 KATRD Research Group Grant Proposal: “Intensive Care”

Prone positioning First
in Subtyped ARDS (PFiSAR)

Young-Jae CHO, MD, MPH, PhD

Department of Internal Medicine, Seoul National University College of Medicine,
Division of Pulmonary and Critical Care Medicine, Seoul National University Bundang Hospital



Timeline of criteria and directions in ARDS

Previous criteria Current criteria Short-term Future areas of research
AECC Berlin possible revisions
1994 2012 2022+ Onwards ::>
Timing Acute, not specified New or worsening within 7 days
Chest Bilateral infiltrates on chest Bilateral infiltrates on Ultrasound Data science
imaging radiograph chest radiograph (or CT)
Oxygenation Pa0,/Fi0, Pa0,/Fi0, SpO,/Fi0, ratio ,
Acute lung injury <300 mm Hg | Mild >200 mm Hg to <300 mm Hg glurgarker
ARDS <200 mm Hg Moderate >100 mm Hg to <200 mm Hg evelopment
Severe <100 mm Hg
PEEP Not specfied Minimum PEEP 5 cm H,0 (continuous High-flow nasal Integrated
positive airway pressure in mild OXygen, no multiomics
ARDS) requirement for
minimum PEEP |
o Point-of-care development
Origin of oedema | Pulmonary artery wedge Not fully explained by cardiac failure
pressure =17 mm Hg
Biological markers | None None

Figure 1: Timeline of ARDS criteria and future directions
The first consensus ARDS criteria were the AECC in 1994, followed by the Berlin Consensus Criteria in 2012. ARDS criteria are being revised and potential revisions are
illustrated. The future of ARDS in the era of precision medicine strives towards identifying treatable traits. AEEC=American-European Consensus Criteria. PaO,=partial
pressure of arterial oxygen. FiO,=fraction of inspired oxygen. Sp0O,=oxygen saturation. ARDS=acute respiratory distress syndrome. PEEP=positive end expiratory pressure.

Lancet 2022; 400: 1157-70




Importance of Sub-Phenotype

* Phenotype: Clinically observable set of traits resulting from an interaction of genotype and environmental
exposure (Ex. ARDS is a phenotype)

e Sub-Phenotype

: Distinct subgroup that can be reliably discriminated from other subgroups based on a set or pattern of observable or measurable
properties.

: Sub-phenotypes should also be reproducible in different populations

e Short term (up to day 90) mortality was different between sub-phenotypes

v’ Systemic inflammatory response by plasma proteins (IL-6, Interferon gamma, angiopoietin 1,2, Plasminogen activator inhibitor-1)

: Hyper-inflammatory > Hypo-inflammatory

v" Lung radiographic morphology: Non-focal > focal

v' Recruitabillity : Recruitable > Non-recruitable

v" Organ failure / Comorbidities / Acidosis

v’ Longitudinal changes in respiratory parameters : Upward trajectory of ventilatory ratio > steady trajectory




ARDS sequential interventions
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| Sequential Interventions

Definition
(ARDS Phenotype)
¥
Initial Respiratory @
Support
PP g 0-3h
¥
Severity /? & ~-"7 E‘*
Stratification L 5_ Benchmarking N
3 Initiation Ipp Optimisation 0-12h Stratification
Standardised 1 B
Ventilatory T\; 4125;:35%1” PEEP/FIO, tables ‘7 ;
settings Plat 2 12-24h
T O L S S 1¢ T S S— 1 )
. AP <15emH.O Recruitability
P%:ﬁgg;ged Measure Lun?g PEEP Optimisation Imaging fj t g
Settin Sry Mechanics / MP (Focal vs Diffuse) T et
9 Balance RR and AP to MP Inflammatory Sub-Phenotype Severe Prone Paosition
é
12h - 7 days
Severe
Refractory
Fig. 1 Framework for the timing and sequence in the management of ARDS. ARDS acute respiratory distress syndrome, OP driving pressure, EBM
evidence based medicine, Fi0, fraction of inspired oxygen, MP mechanical power, PBW predicted body weight, PEEP positive end expiratory pres-
sure, Pplat plateau pressure, RR respiratory rate, TV tidal volume

Intensive Care Med (2024) 50:1133-1136



Rescue therapies for ARDS

* Single: Prone positional ventilation(A), Systemic steroid(B), Inhaled NO*(C)
* Combination 1: A+B, A+C, B+C
e Combination 2: A+B+C, A+B+C + ECMOQ"(D)

"NO: nitric oxide, ECMO: extracorporeal membrane oxygenation

The Intensive Care Society
and the Faculty of Intensive
Care Medicine®

The French Intensive Care
Societys”

The American Thoracic Society,
European Society of Intensive

Care Medicine, and the Society
of Critical Care Medicine™

WHO living guideline
(COVID-19 ARDS)*

Non-invasive ventilation

Conditional recommendation
in mild ARDS

Lung protective ventilation Recommended Recommended Recommended Recommended
Prone positioning Recommended in moderate- Recommended Pa0,/Fi0O, Recommended in severe ARDS ~ Recommended Pa0,/Fi0, ratio
to-severe ARDS ratio <150 mm Hg. <150 mm Hg

High positive end
expiratory pressure
strategy

Driving pressure

Spontaneous ventilation

Recruitment manceuvres
High-frequency oscillatory
ventilation

Extracorporeal membrane
oxygenation

Extracorporeal carbon
dioxide removal

Recommended in moderate-
to-severe ARDS.

Not recommended

Recommended in severe
ARDS

Research recommendation

Recommended in moderate-
to-severe ARDS

No recommendation due to
insufficient evidence

No recommendation due to
insufficient evidence
Not recommended

Not recommended

Recommended when
Pa0,/Fi0, ratio is <80 mm Hg
or lung protective ventilation
is not possible

No recommendation
due to insufficient evidence

Recommended in moderate-to-
severe ARDS

Research recommendation

Research recommendation

Not routinely recommended

Not recommended

Research recommendation

Research recommendation

Conditional recommendation
for moderate-to-severeARDS

Consider driving pressure as
part of an individualised
positive end expiratory
pressure titration strategy

Conditional recommendation
forwhen Pa0/Fi0, ratio is
<80 mm Hg despite lung
protective ventilation

The Intensive Care Society
and the Faculty of Intensive
Care Medicine*

The French Intensive Care
Society*"

The American Thoracic Society,

European Society of Intensive
Care Medicine, and the Society
of Critical Care Medicine™

WHO living guideline
(COVID-19 ARDS)*

Conservative fluid strategy
Neuromuscular blockade

Inhaled vasodilators

Corticosteroids

Other pharmacological
agents

Recommended
Recommended in early
moderate to severe ARDS

Not recommended

Research recommendation

Recommended in early ARDS
with a Pa0,/Fi0, ratio of
<150 mm Hg

Can be usedwhen
hypoxaemia persists despite
lung protective ventilation
and prone position, and
before extracorporeal
membrane oxygenation

ARDS=acute respiratory distress syndrome. PaO =partial pressure of arterial oxygen. Fi0 = fraction of inspired oxygen.

Recommended

Not routinely recommended
for all patients

Recommended

IL-6 receptor blockers (eg,
tocilizumab or sarilumab) or
baricitinib (Janus kinase
inhibitor) is a strong
recommendation; monodonal
antibodies (casirivimab and
imdevimab) is a conditional
recommendation for patients
who are seronegative

Lancet 2022; 400: 115770




Why Prone positioning First?

¥ Most evident and efficacy, No additional cost

* Improve oxygenation, better homogenization of lung stress, decrease of RV strain
* PROSEVA trial (Prone positioning in Severe ARDS, 2013): Multicenter, prospective RCT (466 patients)

- Short term mortality: Significant lower in PROSEVA trial (rRrR0.49 95% ci [0.35-0.69] )

Prone ventilation in ARDS
Outcome: 28-day or ICU mortality

We recommend using prone position as compared to supine
position for patients with moderate-severe ARDS (defined as

PRONEI SUP'NE' X PaO,/FiO, < 150 mmHg and PEEP > 5 cmH,0, despite optimization
T T Ri i -Cl Wei T - :
Study Events Total Events Tota isk Ratio RR 95%-Cl Weight of ventilation settmgs) to reduce mortahty.
Other : Strong recommendation, high level of evidence in favor.
Gattinoni-2001 77 152 73 152 (e & 1.05 [0.84;1.32] 23.8% . . . _
R T006 35 HE 8B 0 _ 078 [0.53:104) 19.8% This recommendatlo_n applies also to ARDS l_‘rom CQVID 19.
Chan-2007 4 1 4 1 T S 100 [0.33;3.02) 4.8% Strong recommendation; moderate level of evidence in favor for
Fernandez-2008 8 21 10 19 T 0.72 [0.36;1.45] 9.7% indirectness.
Taccone-2009 64 168 73 174 b 0.91 [0.70;1.18] 22.6%
Total 186 428 195 416 4 0.91 [0.77:1.08] 80.6%
Heterogeneity: I* = 0% [0%; 79%], T = 0.0058, p = 0.49 i . L . .
Test ;‘_,;',__[,I,EL.L' W siibavosin 2= -1 (_:‘L, (p =0.288) ; We recommend starting prone position in patients with ARDS
. i receiving invasive mechanical ventilation early after intubation,

Guerin-2013 ; after a period of stabilization during which low tidal volume is
Guerin-2013 38 237 75 229 — | 0.49 l0.35; 069] 19.4% applled ar\d PEEP adjusted and at the end Df WhICh the Pan/

i FiO, remains < 150 mmHg; and proning should be applied for
Total 224 665 270 645 - 0.79 [0.61; 1.03] 100.0% prolonged sessions (16 consecutive hours or more) to reduce
Heterogeneity: I* = 65% [16%; 85%), T = 0.0630, p = 0.01' ' mortality.
Test for overall effect: z = -1.76 (p = 0.079) 0.1 1 10 Strong recommendation; high level of evidence in favor.
Test for subgroup differences: '/_i =10.04,df=1(p <0.01) Favours T Favours C This recommendation app”es also to ARDS from COVID-19.

RR on a log scale Strong recommendation; moderate level of evidence in favor for
indirectness.



Why Pragmatic trial?

* Pragmatic Trial: Examining effectiveness of interventions in real-world conditions
using broad eligibility criteria, patient-centered outcomes, and embedding of trial

procedures into clinical care

Randomization

Comparability between
patient groups

Real-world evidence iz
Con am Relative effectiveness of
treatment in the real world

Explanatory Pragmatic Observational
clinical trials clinical trials study

9—///?\0

Prospective, blinded explanatory Pragmatic randomized Retrospective observational
clinical trial clinical trial study
rrrrrrr ligibiity Bogi

Results
» | Rapidly completed
Generalizable

Commonly used
therapies

Cardiovasc Prev Pharmacother. 2020; ATS 2023 Next Generation Critical Care Trials



Explanatory vs. Pragmatic

1. Eligibility—To what extent are the participants in the
| 9 domains trial similar to those who would receive this interven-
tion if it was part of usual care?

2. Recruitment—How much extra effort is made to
Eligibility

; recruit participants over and above what would be
Who is selected to ] ) ] )
participate in the trial? used in the usual care setting to engage with patients?
Primary analysis 5 Recruitment 3. Setting—How different are the settings of the trial
To what extent How are participants )
are all data recruited into the from the usual care setting?

i ? ial?
included? trial? 4

. Organisation—How different are the resources, pro-
vider expertise, and the organisation of care delivery
in the intervention arm of the trial from those avail-

Primary outcome Setting able in usual care?
bbb Where is the 5. Flexibility (delivery)—How different is the flexibility
is it to trial being ) ) . . ) e
participants? done? in how the intervention is delivered and the flexibility

anticipated in usual care?

6. Flexibility (adherence)—How different is the flexibil-
ity in how participants are monitored and encour-
aged to adhere to the intervention from the flexibility

Follow-up Organisation L .
How closely are What expertise and anticipated in usual care?

participants resources are needed 7 Follow-up—How different is the intensity of measure-

followed-up? to deliver the o ) ]
intervention? ment and follow-up of participants in the trial from

the typical follow-up in usual care?
Flexibility: adherence Flexibility: delivery 8. Primary outcome—To what extent is the trial’s pri-
What measures are in place How should the . . .
to make sure participants Infencentlon mary outcome directly relevant to participants?

adhere to the intervention? be delivered? 9. Primary analysis—To what extent are all data

included in the analysis of the primary outcome? BMJ 2015:350:h2147



Explanatory vs. Pragmatic

Explanatory trials Pragmatic trials

Patient population

Recruitment and
enrolment

Inclusion criteria are tight, often with multiple exclusion criteria, intended to minimise Inclusion criteria are broad, with few exclusions:;

the number of patients needed to detect a treatment effect, including any of the trial population tends to be larger and more
following approaches: similar to those who receive treatment as part of
» Creating a homogeneous trial population (to minimise statistical noise) usual care

« Enrolling patients who are likely to respond to the treatment (predictive enrichment)
» Enrolling patients who are likely to experience the primary outcome (prognostic
enrichment)

» Excluding patients who are expected to have poor adherence to treatment or
follow-up

» Excluding patients with comorbidities that might lead to poor outcomes through
mechanisms other than those targeted by the trial intervention (competing risks)

» Excluding patients at high risk of adverse events on the basis of their age or
comorbidities

Screening and enrolment are conducted by a research team, separate from treating Screening (identification of trial candidates) and
clinicians enrolment are conducted by treating clinicians

(embedded in routine care)

Lancet Respir Med 2022



Explanatory vs. Pragmatic

Explanatory trials

Pragmatic trials

Delivery of
intervention

Follow-up

Primary outcome

Intervention is delivered by the research team in a way that differs from delivery in
usual care, including the following approaches:

» Providing additional study-specific resources (eg, a study physician dedicated solely
to ventilator titration for enrolled participants)

» Providing substantial levels of trial-specific training on the delivery of the
intervention beyond what would be available during future clinical use

» Using experts to deliver the intervention (eg, using plastic surgeons in a trial that
compares available techniques for repairing lacerations even though this is normally
done by emergency medicine physicians in routine care)

» Incorporating additional measures to improve adherence to treatment

» Incorporating co-interventions into the protocol to minimise variability

Follow-up is more intense than would occur in usual care, and can include:

» Additional research visits

» Follow-up phone calls to increase treatment adherence or measure outcomes

» Clinical visits triggered by study outcomes or adverse events in away that might
mitigate their severity

Outcomes might not be relevant to patients (eg, surrogate outcomes, biomarkers,
laboratory or radiographic outcomes) or might require testing that would not occur in
usual care (adjudication of the primary outcome(s) by a blinded panel of experts,
study-specificimaging, biopsies)

Intervention is delivered in the way that it would
be delivered as part of usual care outside of a trial
(eg. by treating clinicians without any additional
trial-specific resources or training)

Treatment and follow-up are performed as they
would be in usual care with minimal (if any) trial-
specific follow-up

Patient- I el abl
from data collected as part of usual care (eg.
mortality, intubation, hospital admission)

Lancet Respir Med 2022




Explanatory vs. Pragmatic: Examples

Study population and Interventions and study type  Sample size Duration Outcomes Findings
enrolment
Explanatory acute care trials
Trial of 12 mL/kg vs Highly selected population of Traditional ventilator 861 patients randomly 3 years Primary outcomes: Ventilation with lower
6 ml/kg tidal volume  patients (=18 years) with ARDS management (an initial tidal assigned (1:1) to (287 patients per  death before discharge  tidal volumes reduced
positive-pressure recruited by a dedicated research  volume of 12 mL/kg ideal traditional ventilator year) home and numberof  mortality
ventilation for team at multiple sites inthe USA  bodyweight) versus ventilation =~ management (n=429) ventilator-free days
treatment of acute with a lower tidal volume or ventilation with a from day 1to day 28;
lung injury and ARDS (6 mL/kg ideal bodyweight); lower tidal volume additional outcomes
(ARMA)* protocol specified tight control ~ (n=432) included extensive
of all ventilator management physiological data and
and co-interventions such as biomarkers
ventilatorweaning; multicentre,
randomised controlled trial
Pragmatic acute care trials
Isotonic Solutions All patients (=18 years) admitted  Physiologically balanced 15802 patients 2 years Primary outcome: Use of balanced
and Major Adverse to one of five ICUs at an academic  isotonic crystalloids (lactated randomly assigned (7901 patients major adverse kidney  crystalloids reduced the
Renal events Trial medical centre during the study Ringer's solution or Plasma- (according to peryear) eventwithin 30 days rate of death from any
(SMART)* period; enrolment, intervention  Lyte A, according to treating randomisation unit) to (composite of death cause, new renal-

delivery, and outcome assessment
using electronic health records

clinician’s preference) versus
0-9% saline: intervention

delivery embedded into routine
clinical care; open-label, cluster-
randomised, multiple-crossover

trial

balanced crystalloids
(n=7942) or saline
(n=7860)

from any cause, new
renal-replacement
therapy, or persistent
renal dysfunction)

replacement therapy, or
persistent renal
dysfunction

Lancet Respir Med 2022



Advantages of Pragmatic trials

ORCHID trial

RECOVERY trial

Design

Patient population
Study setting

Intervention(s)

Control

Screening and
enrolment

Consent

Drug delivery

Safety monitoring

Data collection

Patients enrolled from
March 2020 to

June 20207
(proportion of
reported cases)*™

Results

Explanatory

Patients admitted to hospital with
COVID-19

34 academic medical centres

Hydroxychloroquine

Placebo (blinded)

Research team

Research team using seven-page
informed consent document

Investigational pharmacy (placebo-
controlled)

Daily assessments by research staff
during the intervention period;
electrocardiography according to
protocol; systematic collection of safety
outcomes

Manual collection with follow-up phone
calls

479 patients (1 in 5000 of the
2.2 million cases reported in the USA)

Hydroxychloroquine is highly unlikely to
improve clinical status at 14 days after
initiation of treatment

Pragmatic

Patients admitted to hospital with
CoviD-19

176 hospitals (range of urban or rural,
academic or community hospitals)

Hydroxychloroquine, corticosteroids,
lopinavir-ritonavir, azithromycin,
tocilizumab, convalescent plasma

Usual care (unblinded)

Treating clinicians

Treating clinicians using one-page
consent document

Clinical pharmacy

Patients monitored as they would be in
usual care; no study-specific adverse
event monitoring; systematic collection
of safety outcomes™

Limited to in-hospital outcomes
available in electronic health records

11874 patients® (1 in 25 of the
300 000 cases reported in the UK)

Hydroxychloroquine, lopinavir-ritonavir,
azithromycin, and convalescent plasma
are highly unlikely to improve mortality:
dexamethasone and tocilizumab
improve mortality

ORCHID=0utcomes Related to COVID-19 Treated With Hydroxychloroquine Among Inpatients With Symptomatic
Disease. RECOVERY=Randomised Evaluation of COVID-19 Therapy. *Enrolment continues in the RECOVERY trial, which
had enrolled more than 45 000 patients as of May 31, 2022.

Table 3: Comparison of ORCHID and RECOVERY trials in patients with COVID-19

Real-World Evidence
e Capture data in real-world settings, enhancing the external validity

and applicability of findings.

Diverse Population

Include a broader patient population, reflecting the variability in treatment
responses.

Practical Insights

Offer practical insights into the effectiveness of interventions in routine
clinical practice.

Cost-Effective

Often more cost-effective due to less stringent controls and monitoring.

Policy and Practice Impact

Directly inform health policy and clinical practice due to their real-world nature.

Lancet Respir Med 2022



4. Endpoint

3. Methods

“Intensive Care”

2. Rationale

a pragmatic randomized clinical trial

1. Objectives

KATRD RG proposal

—— Effects of early prone positioning on the clinical prognosis of Acute Respiratory Distress Syndrome (ARDS) patients

0k 101 o[ %0
Klo ng 350 ol o0
K 80 ety
M- ofl =

oK <K
THNw (HERdRE
N “ROK 7._m_o_.__A.ﬂ_|_ o™
H0Z0 -5l E0X0S pyy M = Eo
zoolt 1 ool o=
o o7 T i ) AV ojg RO
OFTHHE T oK KoK
. ’T
K _rKO—= kio Tr ¥
= KK —q = OF o[l
ol 1/~ 10

0= g T
nKY = S i i
Q - 1 Ki I} &0
@ K ok m J)J o =
A+.m_.L|._A.e ml._lh_ulmwu.Ae
- < . 00
Eﬁﬁ_ﬂ W_._omﬂS
or° o™ AR
— = - — =K
S Wil D20
m0o| " 0RD  zpdd<
F<OHH<F ZnEFN o

== 910 —r_ = D) e
0T ROgrm o 00K RO g5
olouzoon SoloFT
opunol K] K0 < W@oToF T

=
A

Wo <o s

RN R
o7 KT AT T 14 0
SHEIE__H__ o“_o+A o
OE O TR gr=0
< NUN < < ook
Khgo <

oy T o1 & <M 2o

sﬂﬂ%@%

2= %0k oF ry

<g oGS T .
olor 9 S H oF of
o i M oo S Rr &
WME_A_.O.__A%O_._._ DTL_._
M0oI FI N O &I 3o
= = Of K] 0 460 0
o< Kl gr80 R <
ol M= Jju roju

foln 7 351 T < ofo 7O

o7 3ol
jo w1 kb © o3
s~ A

_Atﬁuﬂxf
=0 o7l IH _u_.m
R Jlﬂl_l
o ou K Jo
1350 16 R0 7O
L E R
RN
7ﬁﬂo__._._m_.o_n_l

< o0
00 R0 glo 7
o =
xﬂ_u__ §_=m..__
FIoj0 =
~ L
0K o
Ki =0 ol
TBlIsIE
ol = o 1ol
QO H 5 K
LT 1 ofo o
g o
H <0~ <F

| Feasibility

(o)
ARH

7

3

-
o
=

2

IL
=

172H(86 x 2) S=0|

81.7>81), &

|2 = 86 (86 x 0.95

K

10

™N

Hr

ujo

<

<0

iy

_|_|

Bl

IH

or

ol

LHo

|

|

—

=

Hr

ljo

0

o

Fa0)

o

—

ofll

L0

77l

~

ls)

xa

- o0
0 o
®
N IS}
offll ol
moHo
= =
N ofu
K MU
mo M
= il
L

= HI
K

0 . KH
Q ob H
< o 3
r R
H o &=
zo <0 oo

m

2 @K
~ o KO
o = ®
ol o
_. o
. ,
o )
Bl
<M 2 |
S
ol o =
Ko ©oF 7l
nH on '~
0| wr -
zr uo Bl
e -
@m0 Bl KF
SO0 S



KATRD RG proposal: “Intensive Care”

| Inclusions & Exclusions | Key interventions of this study
1) M87|& .
a. )\Ta M *l’é.* o_qag Ot 194 o|M b. LHA] QI QIAISER| ©H2 O M * PPV First
c. ARDS 2HA: o £, M| A4 Ip-2 5, W F/H o1 &, o E/”’HE 25| 28X e Y
Zd Y (X-ray, CT, A& =2STHE EO|U1 PEEP >5 cmH20 E= IR MA QB O F >3
LminS] &2 A} 5 Pa02/Fi02 <300 mmHg = 5p02/Fi02 <315 Of 1. « Sub-phenotyping aspiration pneumonia by Lung
d. ot &
— - [{Falli
i. i & (Pneumonia), ii. S Ql(Aspiration); iii. I{ & S (Sepsis), iv. 12| CHE 2X1A &€l US: “C pattern +- PLAPS in R4/L4
e. FEIRHIE M, aA|7H Ol & SO X[ £ X O 2 pa02/Fi02 <300 mmHg 2 740] ZHEE| =
IR EES

o
f. OFX|2} ARDS TICH 7| F(H™E 7|2)2 NS 2 SFTH A EEEH F2|H]F 77HX| 29
A7t agA|Zt O| LY

2) Mlel7|&

a. 2E2{HIE ™ 4A|7t O|L Pa02/Fi02 >300 mmHg (‘5 2|4 ARDSOIIA B0 i A Q)

b. L}O| 854 O| 4, Ef%“&' 7188, 28 =59 82 #2828 T eEcM0o/EccOo2rR HEO|
=7/ts ot THEHE 2EX}
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Timeline and Randomization

N=172* Study period

| Time | First__

Enroll & On-study Termination 2025  Sep Prone
Allocation Oct
Nov Prone
Timepoint ICU ICU day 1 ICU day 4 ICU day 7 ICU day 14 28 days after Dec
admission enrollment
2025 Jan Prone
Enrollment:
Feb
Screened X
. Mar Prone
Allocation X
Apr
Interventions: May Prone
Prone First ® > Jun
Screening for Jul Prone
contralx X X X X X Aug
Added other X X X X Sep Prone
Assessments eiae
) X Nov Prone
Baselines X X X X X Dec
CXR X X X X X 2026 Jan Prone
Lung US X X X X X Feb
Labs
Primary
outcomes: X

* Study Parameters: Incidence, group 1 vs. 2 40% vs. 20% (Alpha 0.05, Beta 0.2, Power 0.8)



Intensive Care Med (2025) 51:137-139
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Gattinoni’s Legacy: Personalizing ARDS 2
Management Through Physiology

Richard Greendyk'?*®, Ewan C. Goligher'?** and Arthur 5. Slutsky®”

D ———

Pesentit al Critical Care  (2024) 28:423 Critical Care

hittpss/fdoiong/10.1186/513054-024-05210-9

Luciano Gattinoni: a tribute to a pioneer sy
in intensive care medicine

Antonio Pesenti’”, Gaetano lapichino’ and Jean Louis Vincent?
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In Memory of Professor Luciano
Gattinoni

Prone Positioning

Higher versus | ||
Lower PEEP

Extracorporeal
Life Support

Neuromuscular
Blockade

Low Tidal Volume
Ventilation

Spontaneous

Breathing Immunomodulators

Fig. 1 Personalized management of ARDS based on multiple domains of disease severity. In the future, treatment selection in ARDS could depend
on a multi-dimensional assessment of ARDS severity, where each domain reflects different relevant mechanisms of action and different therapeutic

targets (e.g., lung recruitment versus lung stress versus hyperinflammatory state)




EDITORIAL

. T . ®
Definitions, guidelines and opinions: the ety

white, the black and the grey

Luciano Gattinoni”

Itis, therefore, worthwhile to (éuestion_the real value of guidelines in defining and managing ARDS,
especially today when two leading societies have issued markedly different recommendations for three
key aspects: positive end-expiratory pressure (PEEP) selection, venovenous extracorporeal membrane
oxygenation (VV-ECMO) indications, and use of neuromuscular blockade.

Guidelines are a collaborative effort by experts who, through a combination of scientific evidence and,
personal opinions, produce recommendations. The generation of evidence relies heavily on the analysis
of randomised clinical trials (RCTs), and methods like the Delphi technique for consensus building,
culminating in a “democratic” vote.

The major limitations of RCTs in providing scientific evidence are clear: they typically include a small
fraction of screened patients (about 10%) and overlook fundamental aspects of medicine such as patient
history, age, prior health status, and comorbidities, which are theoretically neutralised by randomisation.

The production of “evidence™ has become a profession and an industry, characterised by rising costs, and
rules dictated by professional trialists. Consequently, common clinical sense is sometimes lost.

This highlights the limitations of relying solely on RCTs for guideline development. However, the
H(e:grent evidence" from guidelines suggests that opinions frequently outweigh the evidence provided by
S.

The recent differences in the guidelines produced by the American Thoracic Society (ATS,? and the
European Society of Intensive Care Medicine (ESICM) clearly underline these issues. I will limit my
discussion to PEEP selection and VV-ECMO indication.

From this sim%le “evidence”, a complicated methodological approach led ESICM to conclude, and I
oose the PEEP you prefer” and the ATf “you should use higher PEEP” (following the

araphrase: “ i g 5
EEB/FIOZ table, which recommend, as an example, a PEEP of 16 when the'set FiO, is 40%!).

In this framework, with similar levels of evidence (negative trial!), the ESICM strong\% recommended
against extracorporeal CO, removal and strongly recommended in favour of ECMO when in accordance
with the EOLIA protocol. in contrast, the ATS opted for a more prudent recommendation.

In summary, the recent guidelines for ARDS treatment from ATS and ESICM cast reasonable concerns
about their'usefulness and applicability.

Before doing so, it is interesting to consider that the ARDS approach currently undertaken by the
intensivists Is the exact opposite to that of oncologists.

M¥_ belief is that in the intensive care practise, which focuses on symptomatic treatment to sustain life
until the underlying disease is resolved, the most logical %groach is to identify the mechanisms at play in
a given patient. For example, ventilatory treatment in ARDS cannot be rationally applied without
understanding Iu_ndg volumes and esophageal pressures, which are crucial for estimating lung strain and
stress. Whilst guidelines can be useful in certain situations, their creation and application should not
re%laqe medical reasoning, which is aimed at addressing individual patient needs rather than population-
wide issues.

Intensive Care Med (2024) 50:934-936
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Thank you for your attention

Question? Mail to: lungdrcho@snu.ac.kr
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