Seminar

@®

CrossMark

Lancet 2016; 388: 2416-30

Published Online

April 28,2016
http://dx.doi.org/10.1016/
50140-6736(16)00578-X

This online publication has
been corrected. The corrected
version first appeared at
thelancet.com on Nov 10, 2016

Regional Intensive Care Unit,
Royal Victoria Hospital, Belfast,
Northern Ireland, UK

(R Mac Sweeney PhD,

Prof D F McAuley MD); and
Wellcome-Wolfson Institute
for Experimental Medicine,
Queen's University of Belfast,
Belfast, Northern Ireland, UK
(Prof D F McAuley)

Correspondence to:

Prof Daniel F McAuley,
Wellcome-Wolfson Institute
for Experimental Medicine,
Queen’s University of Belfast,
97 Lisburn Road,

Belfast BT9 7AE,

Northern Ireland, UK
d.f.mcauley@qub.ac.uk

2416

Acute respiratory distress syndrome

Rob Mac Sweeney, Daniel F McAuley

Acute respiratory distress syndrome presents as hypoxia and bilateral pulmonary infiltrates on chest imaging in the
absence of heart failure sufficient to account for this clinical state. Management is largely supportive, and is focused
on protective mechanical ventilation and the avoidance of fluid overload. Patients with severe hypoxaemia can be
managed with early short-term use of neuromuscular blockade, prone position ventilation, or extracorporeal
membrane oxygenation. The use of inhaled nitric oxide is rarely indicated and both {3, agonists and [at€ orticosteroids

should be avoidéed. Moftality remains at approximately 30%.

Introduction

Acute respiratory distress syndrome is a form of non-
cardiogenic pulmonary oedema, due to alveolar injury
secondary to an inflammatory process, that can be either
pulmonary or systemic in origin. This syndrome presents
as acute hypoxaemia with bilateral pulmonary infiltrates
on chest imaging, which are not wholly due to heart
failure. As a syndrome, it is characterised by the presence

of several criteria. [Sifi€€ the BFigi@al description by
AShbatgh and colleagues in 1967 fouil dEfififions have

been used to determine the presence of acute respiratory
distress syndrome (table).>*

The [Aierican [EGfopean Consensus Conference
definition,’ which was published in 1994, was the first
agreed and widely used definition. However, it had
numerous limitations across all four diagnostic criteria
(panel), and, as a result, the European Society of Intensive
Care Medicine engaged in a consensus process to generate
an improved definition for acute respiratory distress

syndrome. TheBeflinldefifiition,” which was published in
2012, was yalidated in over 4000 patients’ data: on the basis

of hypoxaemia, acute respiratory distress syndrome is
classified as [ild (ratio of the partial pressure of arterial
oxygen to the fraction of inspired oxygen [PaO,/FiO,]
of POOS=300 mm Hg), [MGAERAE (PaO,/FiO,
10022200 mm Hg), or SEVeEE (P20, /FiO, E100 mm Hg).
The most [fiportant tpdates to the definition are the
stipulation of a fiiflimatm positive end-expiratory pressure
(BEEB) of SWGHWHIO, (PEEP can increase oxygenation,
which is a key criterion of the syndrome—this update was
to_establish o FEEGENSERESTAOREChaRical
enfilation); the acknowledgment that acute respiratory

distress syndrome CanlbeNdiagnosed in the PIESERAcE of

Search strategy and selection criteria

We searched the Cochrane Library and PubMed with the
terms “acute respiratory distress syndrome”, “acute lung
injury”, “adult respiratory distress syndrome”, “acute
respiratory failure”, and “hypoxic respiratory failure” for
articles published in English between Jan 1, 1967, and

July 31, 2015. We focused on papers published from 2012
onwards and on those describing treatment in human adults.
We also searched the reference lists of articles identified by
this search and selected those we deemed most relevant.

CaTdiagEiluire; 2 requirement for f&W respiratory failure, or
WORSEHINg of EMEGRHIC respiratory disease, WilliiNZIdays;
and the inclusion of EHESHICT as an @Elfeaative form of

imaging for the demonstration of lung infiltrates.

Epidemiology

The landmark ARMA Sidy>* which was published in
2000, demonstrated the benefits of a [GWetidalsvoltime,
[6W-airway-piesstite  ventilatory strategy in acute
respiratory distress syndrome and marked the establish-
ment of [UAgIprotectiveventilation as the Stafidard of care.
Despite this advance, the syndrome remains highly
prevalent, with, in the lung-protective era, estimated
incidences PEEI00000 patients per year of B#llin the USA?
and approximately [VENtONISEVen in EUEGpe. > Its
epidemiology is probably under-reported in less developed
health-care systems, in which, as a result of resource
limitations, few patients meet the current definition for
diagnosis, despiteld% of @ll iospital 2diiSSions having a
glimicalistateNsimila to that of acute respiratory distress
syndrome.* % of patients in the jfensivercareunit(ICU),
and §6% of those receivingjifiechanicaliventilation, have

acute respiratory distress syndrome.*

Based on control group survival in randomised
controlled trials** published in the past 3 years, 28iday
mortality s approximately 20-40%. A further 15-20% of
— largely because of

rather than residual effects of acute

respiratory dlstress syndrome.” The DUNGSAEE study”
showed that the syndrome remains common and has a
mortElity of approximately #0%, and emphasised the
global burden. Although, in géfieral, ICU Sifvivots have
fi6 fediiction in health-related Gialify of life, fillifecovery
is often limited in those who had acute respiratory distress

Syfidtome. Many have muscle Wasting, limiting fWeakness,
and [eUropsychiatii¢ illness, including EogHitive
impairment, @nXielj, depression, and post traumatic
stress disorder." GlijeaisiatterilCUNdiSEhaige, just over
50% have fettried to WoEk.“ Despite these EXirapulionary
deficits, respitatory fisnetion returns Elose to fiofal

Risk factors

The development of acute respiratory distress syndrome
has been described in the setting of numerous illnesses
and injuries, which are broadly classed as being
pulmonary or systemic in origin. Piieuinonid is the most
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Murray, 1988* AECC, 1994° Ferguson, 2005* Berlin, 2012°
Onset Acute or chronic, not Acute, not specified Within72 h New or worsening Withif|
specified 1week
Risk factor Required Not required Required Not required
Oxygenation Pa0,/Fi0, >300 (0) Acute lung injury: Pa0,/FiO, <200 Mild: PaO,/Fi0,200-300
(mm Hg) Pa0,/Fi0, 225-299 (1) Pa0,/Fi0, <300 Moderate: Pa0,/Fi0,100-199
Pa0,/Fi0, 175-224 (2) Acute respiratory distress Severe: Pa0,/Fi0, <100
Pa0,/Fi0, 100-174 (3) syndrome: Pa0,/FiO, <200
Pa0,/Fi0, <100 (4)
PEEP (cm H,0) <5(0) Not specified >10 Minimum PEEP of 5 required
6-8 (1)
9-11(2)
12-14(3)
=15 (4)
Infiltrates on No quadrants (0) Bilateral infiltrates on a frontal Bilateral airspace disease involvingtwo  Bilateral infiltrates involving
chest radiograph  One quadrant (1) chest radiograph or more quadrants on a frontal chest two or more quadrants on a
Two quadrants (2) radiograph frontal chest radiograph or CT
Three quadrants (3)
Four quadrants (4)
Heart failure Pulmonary artery wedge No clinical evidence of congestive heart ~ Left ventricular failure
pressure <17 mm Hg failure (based on pulmonary artery insufficient to solely account
Absence of left atrial catheter with or without for clinical state
hypertension echocardiogram)
Static GOMpliance >80 (0) Static compliance <50 Removed
(mL/cm H,0) 60-79 (1) (with patient sedated, tidal volume
40-59 (2) 8 mL/kg ideal bodyweight, PEEP >10)
20-39 (3)
<19 (4)
Severity Mild Based on oxygenation criteria Based on oxygenation criteria
Moderate
Severe
Spegificity for Autopsy: 74%° (lung injury ~ Autopsy: 30%,°50%,” 66%,°  Autopsy: 69%° Autospy: 45%%
GifsEaNEDE  score=25) 70% Biopsy: 584"
damage Biopsy: 29%," 47%," 40%"
Data in parentheses in the Murray column are scores; the total number of points scored is divided by the number of categories included, giving the Murray lung injury score.
A score of 0 signifies no lung injury is present, a score of 0-1-2-5 signifies mild to moderate lung injury, and a score greater than 2.5 signifies severe lung injury.
AECC=American European Consensus Conference. PaO,=partial pressure of arterial oxygen. FiO,=fraction of inspired oxygen. PEEP=positive end-expiratory pressure.
Table: DEfiRitions of acute respiratory distress syndrome

common risk factor for the development of the syndrome,
and, along with aspiration, has the High€st associated
fcTtality; fratma-related illness has the [6West.”
Inappropriately administered mechanical ventilation is
an important contributor to both the development and
worsening of acute respiratory distress syndrome.”* This
ventilator-induced lung injury can occur by several mecha-
nisms, including excessive lung stretch (volutrauma)* or
pressure (barotrauma), repetitive alveolar opening and
closing, which causes a shearing injury (atelectrauma),
and potentialioxygenttoxicity:” These processes also drive
excessive systemic inflammation, with the ability to induce
non-pulmonary organ failure (bigtfatima). In a randomised
controlled trial®* of 150 critically ill mechanically ventilated
patients, ventilation with 10 mL Fathes than § mL per kg of
predicted bodyweight was associated with a [fiVewimes
MIGHEESE in the pAdS of AevElopiNg HCHENFESPIAIOH
distessisyndromel This finding has been substantiated in
a further randomised controlled trial® in 400 patients at
risk of pulmonary complications undergoing [geéfiexal
anesthesia for major abdominal surgery. A nonlung:
[PIGtECtive ventilatory strategy of [0SI2IHN kg tidal volume
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ventilation with HGMPEEP was compared with lung-
PIGtECtiVE ventilation of -8 mlL/kg tidal volume with
PEEPIGE6=8lcm H,0 plus a feCrUitiment manoeuvre every
B0 mifA. The lung-protective group had fE# € major
comiplications (10-5% vs 27-5%; relative risk [RRJNOM40,
95% CI 0-24 to 0-68; p=0-001), required [€8§ respiratory
BUppott by day 7 (5% vs 17%; 0-29, 0-14 to 0-61; p=0-001),
and had a SHGTEE hospital & (11 vs 13 days; difference
245 days, —4-17 to —0-72; p=0-006).

Genetics

The search for potential genes conferring susceptibility to
the development of, or that alter the outcome from, acute
respiratory distress syndrome is methodologically
complex. Genotype, phenotype, race, environment, injury,
and therapy interact in variable and uncertain ways to
contribute to clinical outcomes. More than 40 candidate
genes associated with the development or outcome of
acute respiratory distress syndrome have been identified,
although these investigations have either largely not been
sufficiently robust to provide clear answers, or have yet to
be replicated.” Some of the more promising genes include
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Panel: BfGBISHTS with theMECEESHRIEION and subsequent BEHlili definition of acute respiratory distress syndrome

Acuity
» AECC: not specified
+ Berlin: almost all patients meet criteria for acute respiratory

distress syndrome [ithifiaiveek

Oxygenation

+ AECC: no minimum requirement for PEEP, which can
strongly modify oxygenation;* differences in ratio of the
Pa0, to the FiO, across differing PEEP and FiO,

+ Berlin: level of PEEP not considered in determining severity

Radiography

+ AECC: poor interobserver agreement on interpretation of
chest radiographs, even between experts;*®** no
standardised set of chest radiographs for comparison or
education; difficult to differentiate hydrostatic from
permeability pulmonary oedema on chest radiographs;*
consolidation might be visible on CT, but not by chest
radiography

Heart failure

» AECC: unvalidated use of high pulmonary artery occlusion
pressure to exclude alveolar injury as the cause of, oras a
contributor to, pulmonary oedema in acute respiratory
distress syndrome;” poor medical and nursing knowledge of
the correct interpretation of pulmonary artery catheter
data;?* high interobserver variability in interpretation of
pulmonary artery catheter tracings;* poor interobserver

ACE, SOD3, interleukin 10, MYLK, NFE2L2, NAMPT,
SFTPB, TNF, and VEGF.*® The search for a genetic
susceptibility to either the onset, or worsening, of the
syndrome might prove difficult until issues with the
specificity of the definition of acute respiratory distress
syndrome and improved phenotyping of patients are
addressed. However, a §&fie with a Cl€atel aSsociation with
acute respiratory distress syndrome is HAGE. This
association came to prominence duting the severe acute
respiratory syndrome (SARS) Epidemic, when theACE2
protein, which contributes to the [Egtlation ofpulinonaty

Vasciilaripermeabilify, was idefifified s the Feceptor for
the novel gofonavirus that caused SARS.”

Pathogenesis
After the onset of the primary illness, the inflammatory
alveolar injury occurring has been described in terms of
fAT€8 sequential PHasEs (figure 1), which @GVerlap
substantially* The process Begii§ with the EXuidative
phase and [ifimtine-cell Mmediated dESHUCHon of the

BaTEess of the
E8MpIER, allowing plasma, plasma proteins, and cellular

content to successively fE8d the interstitium and
airspace. CIa8Sically, acute respiratory distress syndrome
is recognised to be a [€tirophil*driven diS€ase; however,
Experimental data have shown that glVeolafineutrophilid

agreement on the clinical identification of left atrial
hypertension

Autopsy or biopsy studies

+ Both: AfOURAIS0% of patients [iieeting the AEARIEIONS of
HCUte FEspifatony distress syndrome dofictaveldiffuse
alveslandamages > +>° prevalence of diffuse alveolar
damage HEGHEASES with FSTGIPAORIEIRgTato;* BIyIZSHOY
Beverely iypoxaemic patients with acute respiratory distress
syndrome [iaVe HiffUse alVeolar darfiaget

Duration

« Both: patients with acute respiratory distress syndrome
persisting <24 h have much better outcomes than do those
with ARDS persisting >24 h”

Acute lung injury term
AECC: inconsistency with the use of the term acute lung injury,
which has been used to refer to either patients with mild
hypoxaemia only (PaO, >200 mm Hg) or as an umbrella term
for all those meeting the definition of acute respiratory distress
syndrome,® including moderate and severe hypoxaemia

Recognition

+  Both: fianyclifiiciansifail (6 ¥ecoghise acute respiratory

distress syndrome®

AECC=American European Consensus Conference. PEEP=positive end-expiratory pressure.
Pa0,=partial pressure of arterial oxygen. FiO,=fraction of inspired oxygen.

can occur [Wiflioli [fcreased alveclal permeability.”
Additionally, the [fvolvement of cells from the [fate

(including ECFOPHABEST and PIAEISESY) and AdApEVE
IMTNE systems in the pathogenesis of acute respiratory

distress syndrome is increasingly Fecognised.” Further
neutrophils and macrophages are recruited to this
inflammatory focus, propagating the initial insult.

The inflammatory EX@dat€ produced physically
ifteracts with SUEfactamt, initially causing dysfimction
followed by, as the epithelial [fijlify progresses, [6SSH6f
surfactant production, which impedes alveolar patency.
The loss of epithelial ion channels impairs the generation
of osmotic forces required to return oedema fluid to the
interstitium. These injuries, plus the dévelopment of
hyalinelembranes and decreased pulmonary com-
pliance, result in @diStlipted gaseous @ifftision. Alveolar
VasEulardamiage also occurs, with increased periieability
coexisting with @lféfeéd yasomotor [G@E (both
vasoconstriction and vasodilation) and HiiCTOtHTOMbI.
Pulmonary Hypertension results, increasing right
ventricular afterload. This Fightiventricularidystunction

can be further exacerbated by mechanical ventilation and
fluid overload. This combination of [Epithiclialiiand
gndotheliallidamiage results in worsening ventilation—

perfusion FiSHateh an oSS ORSPOEPUIONANASS:
GHSHHIEHOR, vhich Leads to FERFAEHOR) HyDOWA.

www.thelancet.com Vol 388 November 12,2016
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Figure 1: A normal alveolus (A), plus the sequential gxudative (B), proliféfative (C), and fibrotic (D) phases in the pathogenesis of acute respiratory distress syndrome

The BFONfEEABYE phase marks GHEHIPE at FECOVER, the CIEAFAICE of EXHAAHNE fluid LD the FAFEFSHHE, and
with Festoration of the fypellNalveslaricell population, remaining @EBTS is El€ated by inflammatory cells.
and subsequent differentiation into type I alveolar cells. |VaSomiot0L 0HE begins to FtlEA to normal, microthrombi

REégEferation of a functioning Epithelial layer permits are cleared, and pulmonary hypertension lessens. As
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Ventilation
1 Ventilatory parameters
Tidal volume

PEEP
Airway pressures
Driving pressure
Compliance
2 Oesophageal
pressure

Imaging

1 Chest radiography

2 Lung ultrasonography

3CT

4 PET

5 Electrical impedence tomography

Gas exchange

1 Arterial blood gas
Pa0,/Fi0,
Oxygenation index

2 Pulse oximetry

Lung water
1 Extravascular lung water (Pi€GE0)

Coagulation Inflammatory biomarkers Endothelial biomarkers
biomarkers Interleukins 1B, 6, 8, VEGF, angiopoietin 2,
PAI-1, PC and 10, TNFa VWEF, s-ICAM1

Key

@ Dead and damaged cells

Epithelial Biomarkers
Clara cells: CC16

Type 1 cell: SRAGE
Type 2 cell: SP A-D, KL6

Interstitium
biomarkers
MMP1and 3

@ Neutrophil ,‘,’ Cytokines %(Fibrin

Thrombosis é\:o/f: Macrophage ~ «®» Platelets ~ ~<="<Fibroblast

Figure 2: Clificaliafd Fesearchiinvestigationalimodalitiesiused|in acute respiratory distress syndrome
PEEP=positive end-expiratory pressure. Pa0,/FiO,=ratio of partial pressure of arterial oxygen to fraction of inspired oxygen. SpO,/FiO,=ratio of peripheral arterial
oxygen saturation to fraction of inspired oxygen. PiCCO=Pulse Contour Cardiac Output. TNF-a=tumour necrosis factor a. vVWF= von Willebrand factor.

reparation continues, shunt reduces, leading to improved
oxygenation that is followed, often more slowly, by

recovering pulmonary compliance. The [HiFdIfibFotic
Phase develops [ficonsistently, and comprises failiite of
Eeiioval of SIVEGIaREolIages, which is [GdIAoWIIEATY in
the injury process, combined with the development of
cystic changes, limitingmunctionaliFecover. |Diffiise
lVEOIGFIGaMARE is thought to be the PAUNGEMOMONIC
pathological finding of acute respiratory distress
syndrome,” is @efified by the pEESENce of [yalife
FASHbBTanes, and can be detected either by lung Biopsy or
at @UEOPSy. However, it is AOUSPECIfi€ and can also occur
in the ABSEHAEE of the EFifEFid for ACHIETESPIFatory distiess
syndrome.* M@@§ patents who fulfil the diagnostic
criteria for acute respiratory distress syndrome do HGt
have diffuse alveolar damage."

Clinical patterns have been recognised in patients with
acute respiratory distress syndrome—eg, those with a

pulmonary cause have more consolidation and less

AVEOIatICollapse and interstitial Gedema than do those
with fieffpulmonary causes.” Subphenotypes have been

described, and are classified by clinical and biological
characteristics with differing clinical outcomes
and response to treatment.”* A [Ajperinflammatory
phenotype is associated with [Worselmetabolichacidosis,
highel Vasopressor requirements, increased mortality,
and a PEtier FESPomse to higher PEER. Subphenotypes

will provide further mechanistic insight to the
pathophysiology of acute respiratory distress syndrome,
which is likely to inform the development of personalised
therapies.

Diaghesis and monitoring

The Berlin definition for acute respiratory distress
syndrome is an evolution of the American European
Consensus Conference definition (table), which was
recognised to have numerous flaws. The revised
definition, although improved, SHllNEESHliTitations.
Several investigational modalities are potentially helpful
in monitoring the clinical course (figure 2). Sequential
imaging via both chest radiography and CT (figure 3)
provides qualitative measures of disease evolution, and

Watet, which reflects the degree of pulmonary oedema,
can be measured with a Bi€€Q [Pulse Contour Cardiac
Output] monitor (Pulsion Medical Systems, Feldkirchen,
Germany) and is @SS0ciatediwithimortality in patients
with acute respiratory distress syndrome.®* Similarly,
lung GltfaSeRography (figure 3) can be used to EStifnate

extravascular [Hflg Watet,”* and to allow diffeérentiation
of the syndrome from Eafdiogenic pulmonary oedema.*

Pulmonary wedge® and central venous pressures®*
have little correlation with volaemic status or fluid

www.thelancet.com Vol 388 November 12,2016
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responsiveness and are unlikely to offer benefit in
routine management (neither offers any benefit over
the other).?

The PAOYFION A0 - FESSUEEOROTEERRHON tha is
used to classify acute respiratory distress syndrome as
mild, moderate, or severe (table). Although easy to

calculate, it is an [fIperfect @easure, because of its
variability with differing PEEP" and tidal volumes."
The GXygenationindex—the product of fcaniairway
PSS IO} it by PG} - HESAEG to
PaO,/FiO, and Might be SUperior, because it fACIUAES
mean Fitway pressute, which FEAEEISIPEER.® Respiratory
system (omplianee helps with the monitoring of
pulmonary mechanics, although it was not included in
the Berlin definition because it lacked additional
discriminatory value.’ Pulmonary dead space fraction is
associated with mortality in acute respiratory distress
syndrome (odds ratio 1-45, 95 % CI 1-15-1-83; p=0-002),
but is technically challenging to measure and not

frequently used.”” Bionchoalveolarlllavage permits

sampling of the alveolar space and helps with the
identification of [fiféctious CaUSES of acute respiratory
distress syndrome and with diagnosis of malignancy
or haemorrhage.

The absence of a PiGHiatker to define the diagnosis,
responsiveness to therapy, and prognosis of acute
respiratory distress syndrome is problematic and limits
progress in the field.”” Diffefifigipathologiesidaniage
lung tissue in diverse ways, producing inconsistent
sighals o nuimerous injred Cellpes. These signals
are further confounded by age, comorbidities, and
iatrogenic effects such as excessive fluid administration
and harmful ventilation. Many candidate biomarkers

(figure 2) have been investigated, but a [Sifiglejicleat
biomarker has proved difficult to find.

Biomarkers have
been measured in both blood and bronchoalveolar
lavage fluid, but are too inaccurate for clinical use.
Combinations of biomarkers could be used to identify
specific phenotypes of patients with acute respiratory
distress syndrome who might respond differentially to
therapies, but further work is required to confirm these
initial findings.”

OpERNIGHEIbIOPsy remains the ZoldNSEandard for
diagnosis of difftiseNalveclaridamage. Small, single-

centre observational studies of open lung biopsy in

highly selected populations show
distress syndrome

for the presence of Aiffuseralveclaridamage.” " VoS
patients with acute respiratory distress syndrome
BAGETgOINg this PROGEANEE have resulting EINEHAHGNY

in management,” -~ improved outcomes.” and litle
,
noteworthy HGEBIdity.">*”>”* These studies are limited

by their selective nature and their constrained ability to
examine the entire lung. Open lung biopsy is usually
reserved for exceptional cases in which there is a
genuine diagnostic dilemma and poor response to
therapy.

www.thelancet.com Vol 388 November 12,2016

AP SEMI-ERECT
PORTABLE

Low activity High activity

Figure 3: A normal chest radiograph (A), and a chest radiograph demonstrating bilateral alveolar infiltrates
consistent with acute respiratory distress syndrome (B); ER@SEET showing bilateral pneumonitis and
consolidation with @iflbronchograms consistent with acute respiratory distress syndrome (C); lung
pltrasenogram illustrating smooth pleural line, absence of horizontal A lines, and pfésenceiofverticalB lines
suggestive of acute respiratory distress syndrome (D); and PEF|demonstrating increased areas of metabolic
activity, reflective of underlying inflammation (E-H)

Figures E and F are reproduced from Bellani and colleagues,* by permission of Wolters Kluwer Health.
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| Acute respiratory distress syndrome

v

v

v

Supportive management |

| Specific management |

| Underlying condition

v v

VTE prophylaxis Investigations
« Standard VTE prophylaxis
Nutrition

« Initial BfGPHIE feed acceptable

« No place for pharmaconutrition
Mobilisation

« Early mobilisation encouraged
Sedation

« Avoidance of deep sedation

« Titrate to comfort

v ¢—‘—¢

Investigations | | Therapy |

Not recommended

« Inhaled nitric oxide (only as
rescue when ECMO unavailable)

« Late corticosteroids (avoid)

« B, agonists (avoid)

v

« Identifies infiltrates

+- « Allows monitoring of progress

Chest radiography
Lung ultrasonography

« Assess for presence and degree

Echocardiography —»  of left ventricular AYSFURGEGR o

Chest @1

« Non-resolving or severe disease
+ Atypical picture

« Immunocompromised

« Underlying diagnosis unclear

Bronchoalveolar [aVage » —»

other cardiac pathology I

Recommended

Ventilation ——»- - HGEHREERifRA0F/FiOF200 1Y

Fluid balance ———— - - NEUtFaliioMegative fluid balance B8 haemodynamically

Neuromuscular

blockade —— - [GiSatracUiiu infusion for[E48IR if PaO,/FiO, BI50 mm Hg

- Tidal volume 6 mL/kg predicted bodyweight
« Pplat <30 cm H,0

Driving pressure <15 cm H,0
« Tolerate hypercapnia if BHIEZ2
Accept Pa0, >8 kPa

Open lung BiGESH

T positioning ——> « Prone positioning session of SlBI if PaO,/FiO, ElI5@ mm Hg
+ Potentially f@VEHSIBIE respiratory failure

Referral toan - pHEEZ2

[EGMI® centre —— - Murray lung injury score >2.5
+[Fi0, not >0.8 for 7 days
+ PRIGERGESR0 cm H,0 for Zdia¥s

Figure 4

VTE=venous thromboembolism. PaO,=partial pressure of arterial oxygen. FiO,=fraction of inspired oxygen. ECMO=extracorporeal membrane oxygenation.

Pplat=airway plateau pressure. PEEP=positive end-expiratory pressure.

Management: conventional mechanical
ventilation
Management of acute respiratory distress syndrome can
be classed as specific or supportive; addressing the
underlying causative condition is also necessary
(figure 4). Specific measures include both maintenance
of gas exchange and manipulation of the underlying
pathophysiology. Supportive therapies include sedation,
mobilisation, nutrition, and prophylaxis for venous
thromboembolism.

7 published between

Four randomised controlled trials’
1998 and 1999 provided fiked results for the Gptiffalitidal
WOIGIE in acute respiratory distress syndrome. In the

[andiarkARMAISHIdY, * which was published in 2000 by
the ARDSTEt group, a traditional ventilatory strategy of
2 mL per kg of predicted bodyweight tidal volume in
combination with a plateau airway pressure EI50 cm H,0

was Gompared with a lower tidal volume of |6l per kg of
predicted bodyweight in combination with a plateau

airway pressure of BOIGEIHO or less in 861 mechanically
ventilated patients with acute respiratory distress
syndrome. The study was stopped early, because, despite
initiallysvorseloxygenation, [6W-fidal-volume ventilation
was associated with an 8H8%I(95% CI 2-4-15 - 3) @bsoliite
Feductioninimortality (39-8% vs 31-0%; p=0-007), and
significantly fioreventilatortreeidays (10 [SD 11] vs 12 [11];
p=0-007). Importantly, less injurious ventilation was
associated with [ioreldaysifreelof

EilEEe (12 [11] vs 15 [11]; p=0-006). Tidal volume was
estimated from predicted bodyweight, which is dependent
on height and sex, and calculated as 50+0-91x (height in
cm-152-4) for men and 45-5+0-91x(height in
cm-152-4) for women. g protective ventilation is
associated with [fiiproved Gutcomes if Gsed gaily in the

course of acute respiratory distress syndrome,” and
80

Despite the adoption of a volume-limited and pressure-
limited protective ventilatory strategy, critically ill

www.thelancet.com Vol 388 November 12,2016



Seminar

mechanically ventilated patients with acute respiratory
distress syndrome receiving a tidal volume of 6 mL/kg and
a plateau pressure of 30 cm H,O or less can §iill be EXposed
to tidal hyperinflation, whereby the smaller-than-usual
aerated section of the lung (so-calledJBaBYIGAS)*" receives a
larger-than-usual volume of gas, resulting in greater
biotrauma and fewer ventilator-free days than those in
patients without tidal hyperinflation.® Similarly, a post-hoc

review® of the ARIDSTEt database didifictidemonstratera
safe uipper it for plafeaii pressures| in patients with
acute respiratory distress syndrome. Volume-limited and
pressure-limited ventilation can cause hypercapnic
acidosis, and the overall clinical effect of protective
ventilation and hypercapnia is uncertain.* FEjpercapuic
86ideSiS could provide protective effects in the setting of

high-tidal-volume ventilation, but a [Fefeficialleffectisiot

85

PEEP prevents lung unit collapse at the end of
the respiratory cycle. Beneficial effects include the
maintenance of functional residual capacity, improved
compliance, and higher mean airway pressure, which
result in decreased shunt with enhanced oxygenation,
and reduced atelectasis and biotrauma. These advantages
should be weighed against the effects of raised
intrathoracic pressure—namely, decreased venous return
and fficreasediFightiventricalariafierload © Numerous
methods of setting the PEEP level have been described,
including most recently oesophageal balloon manometry.”
In the lung-protective era, foUENtandomiseducontrolled
trials”* have been done to answer the question of
whether higher or lower pressure is superior, with a
suggestion that higher PEEP could be beneficial. A meta-
analysis” of three of these trials also showed a PoSSibIE
benefit for a HGAWPEEP setting in acute respiratory
distress syndrome, which was associated with both lower
in-hospital mortality (34-1% vs 39-1%; RR 0-90, 95% CI
0-81-1-00; p=0-049) and less requirement for mechanical
ventilation by day 28 (hazard ratio [HR] 1-16, 95% CI
1.03-1-30; p=0-01)." The ERVEHHFAoMISEA CONtFOEd
B&LY in which
PEEP was compared with use of the ARDSnet PEEP-FiO,
table, showed that G€Sopliageal-guiideéd PEEPR provided
ifcreased oxygenation and EOMpliance, which translated
into HIGHEHPEER (18 cm vs 12 cm H,O on day one) and
associated [ifiptoved adjusted 28 day [iGTtality (RR 0-46,
95% CI 0-19-1-0; p=0-049). A further Fietd-SHAIJEE that
included this additional study showed fionSSignificant
improvements in 28 day mortality with higher PEEP
(pooled RR 0-90, 95% CI 0-79-1-02), WWithout a
significantly higher risk of bafotrauma (1-17, 0-90-1-52).”

The dFVGIPIESSUTe, which is Gefified as the Mifference
between plateati and EfdieXpiratoryipressutes, has been
suggested as the mediator for the pefieficial effects of the

-protective ventilation—
namely, [6W tidal Voluime, [6W platéas pressure, and high
BEEB.” On the basis of derivation and validation cohorts
from 3562 patients recruited into nine randomised
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controlled trials, Amato and colleagues” reported that an
FCTeASENA FVINEIPTSSUFEIORICGIIHND was associated
with [ficieéased 60 day HGrality (RR 1-41, 95% CI
1-31-1-51; p<0-001). According to the statistical method
of multilevel mediation analysis, [loRelofitherthreeiain
components of lung-protective ventilation was individually
associated with Feduiced miortality, but they @cted via a
feduicedidrivingipressure to exert their bemeficial effects.
Dfiving pressure could help to EalibTate the mechanical
Siress delivered by the ventilator to the [ilfictional acrated
lung Foltie. Although BGEEANJKE tidal volume is
recognised as low-tidal-volume ventilation, it is the
normal tidal volume of most mammalian species. As
the available fUiictional [UfAg Volume falls in acute
respiratory distress syndrome as a result of collapse and
consolidation, perhaps the delivered tidal volume should
also decrease. Although evidence suggests that targeting
of driving pressure is prudent,

na
prospective, randomised controlled trial. This concept

is being [ivestigated in the setting of studies

of
or [lffa-pIGtective ventilation.”

Although these data for driving pressure are post hoc,
observational in nature, and necessitate confirmation in
a prospective study, an P PEHIIOFAAVINEHESSHTED]

ISIEEAEONcould be EPPEOPEIate in the interim.
ATEIEEEtE areas of lung can be re-expanded by the

application of brief periods of [SlStaincdIhigh

usually [ollowed by the
application of Highet levels of PEEP to maintain and
stabilise this newly reaerated region. [[lif€€ commonly
used such FeCTUitment manoeuvres are Sighs, StiStained
ifflations, and Extended §ighs.” Brief periods of raised

intrathoracic pressure also impede venous return to the
right atrium, predisposing to hypotension. Preclinical
data have shown divergent effects of recruitment
manoeuvres on alveolar epithelial and endothelial
function.” A systematic review,” based on 40 studies,
showed that recruitment manoeuvres increased
oxygenation, but little information about the long-term
effects of these interventions and no clear guidance on
the usefulness of this procedure was available.

There are fEWIFObUSEFandoMmisEdIConTrollEdNtTals to
guide the choice of mode of mechanical ventilation. The

authors of a 2015 Cochrane review, summarising three
randomised controlled trials consisting of 1089 patients
in total, concluded that EVidencelivasminsuiicient to
promote the use of either|¥oliiffie controlled or [Presstire’
Controlled Ventilation over the other.” [AifWay-pressiire:
Feleaselventilation is used for its ability to maintain a

high mean airway pressure—and thus maintain alveolar
recruitment—while permitting spontaneous ventilation.
Unfortunately, the

GGHEBEHS about possible HighNGAINOlMENANANE
Aiay HESSUFEN® NOW-AVASIVe ventilation can be tried

in the studies done and
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in @ild acute respiratory distress syndrome. A small
study™ of 40 patients showed reduced requirement for
invasive mechanical ventilation and a non-significant
reduction in mortality with this approach. This result
should be tempered by those of a much larger
meta-analysis of 540 patients, documenting [failEiFeNof

02 The
advent of High#flowliasal oxygen allows for simpler,

more tolerable respiratory support. In an observational

study, 18 (#0%) of 45 patients with [ioderate

acute respiratory distress syndrome (mean PaO,/FiO,
137 mm Hg) treated with Highsflowinasalloxygenirequired
ifiVasive mechanical ventilation.”” As with non-invasive
ventilation, more severe illness was associated with an
increasing likelihood of treatment failure.

Management: adjuncts to respiratory support

Placing a patient prone while they receive invasive
mechanical ventilation provides many physiological
advantages for the management of refractory hypoxaemia,
including redistribution of consolidation from dorsal to
ventral areas of the lung, removal of the weight of the heart
and mediastinum from the lung, improved alveolar
ventilation, shunt reduction with increased oxygenation,
and [EdUEEd pulmonary inflammatory Gytoking
PIOAuEEoH. * Several studies™™ produced conflicting
results about the efficacy of prone positioning ventilation
in acute respiratory distress syndrome. Although
prolonged prone positioning’s association with physio-
logical improvement was increasingly recognised,” in
these studies prone ventilation was of short duration.
Additionally, subsequent meta-analyses™" suggested
benefit specifically in the most hypoxaemic patients
receiving lung-protective ventilation. The PROSEVA
study™ was designed to address these shortcomings.
466 patients with severe acute respiratory distress
syndrome (which was defined as a |PAOJIGEIIESSIhaH
ISOMHFIEg while being ventilated with an FiOJ6£056 or
greater) who were receiving lung-protective ventilation
were randomly assigned to either the supine position or
daily prone position sessions lasting at least 16 h. Promg
position ventilation was associated with

fGTalify compared with supine ventilation (3ZH8% vs
6709, p<0-001; HR 0-44, 95% CI 0-29-0-67). There were

6 additional EoMplications associated with prone
positioning, although the centres involved were all
experienced with this technique. This magnitude of effect,
although large, was predicted by a previous meta-analysis."™

The hypoxaemia of severe acute respiratory distress
syndrome might necessitate excessive ventilatory support,
risking the development of ventilator-induced lung injury.
Paralysis removes endogenous effort, improving
respiratory mechanics and lowering oxygen consumption.

In the AGCURSY study," Gisatracuriumbesylate-induced

paralysis was compared with placebo in 340 patients with
early severe acute respiratory distress syndrome.
Neuromuscular blockade fOfl48MH resulted in—after
adjustment for baseline PaO,/FiO,, plateau pressure, and
Simplified Acute Physiology II scores—a Feduiced
adjusted HR for @d€ath at 90 days (OFG8, 95% CI10-48-0-98;
p=0-04). Importantly, the frequency of Eomiplications,
including [CU-gcquired weakiness, did [t diffes between
groups. Although promising, additional large clinical
trials are required to confirm these findings.

Extracorporeal life support
Because mechanical eTtilation is Feligft on a fUnctional
8IVERITS for gaseous diffusion, it is @HABIE to provide life-
saving respiratory support when a

In addition to replacing
endogenous alveolar gaseous exchange, extracorporeal
gas exchange—either extracorporeal membrane oxy-

genation (EGMO) BF extracorporeal [CaEbonNdioxXide
Fefioval—allows Fediiction in Ventlatory settings,
reducing the risk of ventilator-induced lung injury. At
present, the [EfdEREENbESENORIhESENNIEENHONSIS
Bpatse] consisting of case series, observational cohort
studies, and one randomised controlled trial. In the
CESAR §tudy, ™ rather than directly assessing ECMO in
refractory hypoxaemia, investigators Goffipared fianage;
menEataFeferfingcehfe with management at a [efiary
EEHtEe capable of providing ECMO in 180 patients. The
cohort managed at the ECMO G&fite had JHigherifateiof
§livival without disability at 6 months than did those
managed at referring centres (68% vs #7%; RR 0-69,
95% CI 0-05-0-97; p=0-03), although [CHIFI75%IGTIIE
group received ECMO. Two observational studies, one

from Australia and New Zealand™ and one from the
UK," also showed high rates of Stitvival with EGMO in
patients with influenza A (HINI) with refractory
hypoxaemia on maximum ventilatory support. However,
EGMO is a scarce and expensive resource that is often
available only at specialist centres (figure 4) and
associated with Welllfecognisedicomplications, including

bleeding, vasculat damiage, and risks from interhospital
fEamster. Despite widespread and growing use worldwide,

at present there is an
Efficady. In the UK, ECMO is a nationally commissioned
service provided at few regional centres.

Non-conventional mechanical ventilation

HighsfrequencyIosllatotyWeRtilation is the provision of
sl fidal volumes (typically REINpEANGEIONPrEdiEEd
Bodyweight) at high frequencies of
i via several atypical mechanisms of gas transfer. This
mode of ventilation also affords §éparation of GXygenation,
which is dépendeit on i) and mean airway pressiite,
fifGim arbonIdioxide Femioval, which is an ECHVE PIOCESS
that depends on the pr€sstire amplitude and FEqUEnAcy of
BSGillatien. Two large randomised controlled trials, from

Canada (OSGIBEATE)” and the UK (OSEAR),* filed to
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show BEfEfit from this mode of ventilation. OSCINEATE
showed Haff associated with high-frequency oscillatory

ventilation, possibly due to the High mean airway pressuite
generated causing [HaEodynamic EOMPIOMISe and
requiringJHIgHETIAGSES and duration of VaSOpressot, in

addition to more sedation and paralysis.

In the past 5 years, statins and 3, agonists have been
investigated in large placebo-controlled, phase 3
randomised studies. In addition to their cholesterol-
lowering effects, statins have pleotropic properties,
making them an attractive potential therapy. In the Irish
Critical Care Trials Group’'s HARPR2IStUdy,” Simvastatin
was assessed in 540 patients with early acute respiratory
distress syndrome. Although80NHgiSifivastatin was {6t
associatediwithiharm, there was fiolbenetit in ventilator-

free days (simvastatin 126 days [SD 9] vs control 11-5 days
[10-4]; p=0-21), days free of non-pulmonary organ failure
(19-4 [11-1] vs 17-8 [11-7]; p=0-11) or 28 day mortality
(22-0% vs 26-8%; p=0-23). The US ARDSHEL group ran
a similar study, SAIES* exploring FOStvastatin i
745 patients with sepsis-associated acute respiratory
distress syndrome. The study was stopped for [iiilif§ and
showed no significant difference between the rosuvastatin
and placebo groups in 60 day in-hospital mortality (28-5%
vs 24-9%; p=0-21) or ventilator-free days (15-1[SD 10-8] vs
15-1[11-0]; p=0-96). Rosuvastatin was, however, associated
with a small decrease in the number of days free of renal
and hepatic failure, indicating possible harm.

Preclinical data suggest that BJEGORISE could modify
several pulmonary mechanisms. They [ficfeaseé alveolar-
fitid @learance, are cytoprotective, and have anti-
inflammatory properties, which prompted investigation of
salbutamol as a potential therapy for acute respiratory

distress syndrome.”’"® In the UK BALFF2NStdy, >

Salbutamol was given at a dose of 15 pg per kg
of ideal bodyweight per h; the trial was terminated for

safety reasons after recruiting 326 patients of a planned
1334. SalBGERGl was associated with

fAGTElity compared with placebo (34% vs 23%, RR 1-47,
95% CI 1.03-2-08), and decreased ventilator-free and
organ-failure-free days; its effects were possibly mediated
through cardiac and metabolic toxicity, in the form of
arrhythmias and lactic acidosis. The US ARDSHEHALTA

study™ of [filaledisalbuitaol (5 mg every 4 h for up to
10 days in 282 patients) was §topped for fiilify. There was

no significant difference between the active and placebo
groups in the primary outcome of ventilator-free days
(14-4 vs 16-6, 95% CI for difference —4-7 to 0-3; p=0-087)
or the secondary outcome of in-hospital mortality
(23-0% vs 17-7%, —4-0 to 14-7; p=0-30), although patients
with shock at baseline in the salbutamol group had fewer
ICU-free days than did those in the placebo group.

Two other pharmacotherapies deserve mention—

Eorticosteroids and HifFid BGXide. Acute respiratory distress

syndrome is an inflammatory lung injury, and the use of
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corticosteroids would thus appear ideally suited to it, with
their ability to dampen both inflammation and fibrosis.
Unfortunately, despite a plethora of trials, there is

iHadEqUAtE SVidEHce to make a
122,123

although the US ARDSHEt St€roid Stidy suggested Hafm
if corticosteroid therapy wasjiStartedimoresthaniiaidays
fies the BHSEL of the syndrome. Nitficloxide is an inhaled

pulmonary vasodilator that improves ventilation—
perfusion matching, resulting in increased oxygenation.

However, this jficfease in GXygenation does fiGtiransiate
into improved patient-centred outcomes.”" Nitric oxide is
associated with [Uierous Eomplications, including
renal failure and rebound pulmonary hypertension.™

Various other anti-inflammatory and pathophysiologically
(figure 5) targeted drugs have been investigated, but have
not demonstrated robust effectiveness.**

Fluid management

Acute respiratory distress syndrome is a form of
pulmonary oedema, and thus fluid therapy is an essential
aspect of management. Fluid excess is increasingly
linked to detrimental outcomes across the spectrum of

critical illnesses.”® A [geileral paradigi exists of Eafly

fluid 168difg for resuscitation and organ rescue during

Ventilation [%3 Extracorporeal  Anti-inflammatory
1 Low tidal volume* o 1ECMO% 1 [+
2 Pplat<30cn1HZO* g 2/ECCO,RE 2 Statinst

3 Higher PEEP (X! 3 Ketoconazolet
4 Drivingpressure <15 cmH,0° o 4 thuprofent

5 Neuromuscular blockade* % 5 Pentoxyfylline,
6 Prone positioning* @Q lisofyllinet

7 Surfactantt 6 Silvelestatt

8 Mucolyticst 7 Omega 3 fatty

9 Bronchodilatorst acidst

8 Vitamins C, D, Ef
9 Interferon B
10 Aspirint

10 Liquid ventilationt
11 Tracheal gas insufflationt

Vasomotor tone

1 Nitric oxidet

2 Prostaglandins (inhaled
and intravenous)

3 Almetrinet

d Antifibrotic
1 Corticosteroidst

q—*-'

Extravascular lung water Reparative

1 Neutral-to-negative fluid balance* 1 Stem cellst
Diuretics Anticoagulants 2 Growth factorst
Renal replacement therapy 1 Activated protein Ct Keratinocyte growth factor
2 Salbutamolt 2 Heparin} GM-CSF
Key s Fibrin &Z3 Neutrophil ?i,‘zﬁ Macrophage  «#. platelets
ﬂcFibroblast # Cytokines Thrombosis .Hyaline membrane

Figure 5:
Pplat=airway plateau pressure. GM-CSF=granulocyte-macrophage colony-stimulating factor. PEEP=positive
end-expiratory pressure. ECMO=extracorporeal membrane oxygenation. ECCO,R=extracorporeal carbon dioxide

removal. *Evidence supports use INGSUPPOTAGIEVIAEREEIBEsE, or evidence of harm. FURUETGOINGECYe fEsearch.
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the presentation stage of the illness, followed by fiwid

unloading (AETESUSEItALGH)—either spontaneous or
induced—afies §tEbilif§ has Dbeen

achieved.” Fluid-induced lung injury describes the
development of lung injury after intravenous fluid

administration. The FapidiadminiSFatioNNGASAlne in
hiGalthy VOIURESHs can cause pulionary terstitial

Bedema;  patients with sepsis can experience decreased
oxygenation and worsening lung injury scores as a result
of fluid bolus administration after initial resuscitation.™
In a randomised controlled trial** in 1001 patients with
acute respiratory distress syndrome managed with lung-
protective ventilation (FACTE), a detailed algorithm
in the setting of

haemodynamic §@Bilif§ was used for a comparison of
lib&fal and Eomseivative fluid strategies. ATNINVEER, a
Gonservative strategy was associated with a [EElettral
AidNBalatce compared with a ZIIIpositivelbalance in the
@omttol arm, resulting in significantly increased
oxygenation, a better lung injury score, [ilGTelvVentilator

freelandiiCUNreeldays, and fewer blood transfusions in
the conservatively managed group. There was floldifference

between the conservative and liberal strategies in the
prifiary Ouicome of @€ath at 60 days (25-5%
[SD 1-9] vs 28-4% [2-0]; 95% CI for difference -2-6 to 8-4,
p=0-30) or incidence of organ failures. A [fellcW-ipiStidyiat
PINEETS] however, showed an fficfeased incidence of
cognitive impairment in the deresuscitated group (adjusted
GAASIFAROBERS [95% CI 1-16-9-70] to 5-46 [1-92-15-53]).1

A small randomised controlled trial™ of Eomibified
therapy with albUMIA and fEFeS€Mide administration in
37 liypoproteinaemic patients with acute respiratory
distress syndrome demonstrated [fiprovements in

oxygenation, fluid balance, and haemodynamics. A

further small follow-up study by the same group, in
which [liFoS€mMide administration

Albiminls upplementation was compared, suggested that
the combination was superior to furosemide admini-
Sifationalone] However, in the large randomised
controlled ADBIOS fal> in which investigators
examined a strategy of albumin administration to
maintain plasma albumin concentrations higher than
30 g/L in patients with sepsis and septic shock, beneficial
effects on respiratory sequential organ failure assessment
(SOFA) score were not associated with higher plasma
albumin concentrations, although a specified subgroup
analysis was not done for this outcome. Therefore

whether albumin has a place in the management of acute
respiratory distress syndrome remains unclear. On the

basis of available evidence, synthetic colloids do not have
any role in the management of the critically ill.™

Supportive therapy

Investigators in the EDEN Sfid§ explored the effect of
low-volume trophic feeding for up to 6 days in
1000 [on-malncurished patients with early acute

respiratory distress syndrome.”” Despite separation of

calorific delivery between groups (roughly H00NKcalNpeER
day vs full feeding of 1300 keal per day). neither ihe
primary outcome of yemtilator-fféé days (14-9 vs 15-0;
difference —0-1, 95% CI -1-4 to 1-2; p=0-89) nor the
secondary outcomes of 60 day HIOEtality (23 - 2% vs 22-2%;
1.0, —4-1 to 6-3; p=0-77) or [ECEOWS EoMPlICAHONS
différéd between groups. The [Elllfégd group, however,
received [OTeNprokinetic agents, and spent HoTe days
with increased gastric residual volume, vomiting, and
Eonstipation. Additionally, there was HoNdifférenice in

physical or cognitive function in survivors gfiliyjear.*
The ability to modulate the inflammatory response via
immunonuttition—ie, the delivery of immune-en-
hancing dietary agents such as fish oils, glutamine,
selenium, vitamins, and other antioxidants—has long
been a potential target. Early studies were suggestive of
benefit, especially when used in acute respiratory distress
syndrome.”™ But randomised controlled trials have fi6{
shiowiilefficacy for/aFange of addifives in either patients
with acute respiratory distress syndrome™ or those
needing general critical care.™* In the OMEGA Study,
the twice daily use of the FE3MatIacidS docosahexaenoic
acid and eicosapentaenoic acid, y-linolenic acid, and a
mixture of antioxidants, was compared with use of an
isocaloric control in 272 patients with early acute
respiratory distress syndrome who were also receiving
enteral nutrition. Despite an eight-times increase in
plasma [E3MEHFIEE concentrations in the intervention
group, there were
including decreased ventilator-
free, non-pulmonary-organ-failure-free, and ICU-free
days, and a @@H-significant [ficrease in HOrElity. A
subsequent small phase 2 study of fish oils in 90 patients
again [@il€d to demonstrate PRt in this population.*
A meta-analysis* supported a lack of efficacy associated
with fish oil supplementation in patients with acute
respiratory distress syndrome, and a consensus paper

summarising current nutritional [EVidenceIdidINTGt
support the administration of pharmaconutrients.'

Sedation and mobilisation
There are {@ direct comparative SEdI€S of the optimum
ElGIcE of sedative or depth of sedation to be obtained in

patients with acute respiratory distress syndrome. In
general, patients should be lightly sedated, with Effiphasis
on EHAIEESIA, and DENZGAIAZEPINeES should be EVoided
when possible.” Eafljlideeplisedation in mechanically
ventilated patients is @SSociated with [ificieased
fGTtality;© by contrast, Eaflylifiobilisation has been
associated with [fiproved Oufcomies in mechanically

ventilated patients with acute respiratory failure."

Controversies and uncertainties
Despite promising preclinical and early clinical data,

OB large phase 2 and 3 SRGIESNORMHETEBENEG
ififefventions in acute respiratory distress syndrome
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have f@iled to demonstiate Efficaty. There are many
[€asens for S failure, but arguably the most important
is the liitation of the
T e———
identification of patients expressing the Piological target

under investigation. In

approximately half of patients
[Wholeetidiagnosticicriteriatand subsequently undergo
post-mortem examination, the [patlioghommoniciinding
of diffuse alveolar damage is not present. " These
patients could have a HiiXture of €oexistifig conditions.
In most positive trials so far, the improved outcome was
a result of less injurious mechanical ventilation in the
intervention group. All mechanically ventilated patients
are at risk of ventilator-induced lung injury, and thus the
limitation of recruiting a heterogeneous cohort based on
the definition of acute respiratory distress syndrome is
minimised. However, when a therapy aimed at a specific
biological target is investigated, such heterogeneity
assumes greater importance and reduces the ability to
detect any possible effect.

This issue raises the question as to whether the
unsuccessful therapeutic trials reported would have
had the same results had it been possible to identify
specific phenotypes responsive to the therapy under
investigation.

and has clear
implications for the evidence base for acute respiratory
distress syndrome, which has been largely reliant on
the American European Consensus Conference and
Berlin definitions. In the era of personalised therapy,
discovery of a biomarker or panel of biomarkers that
can not only identify a specific population, but also,
more importantly, define the responsiveness to therapy
is essential.”*”

Guidelines for the ventilatory management of acute
respiratory distress syndrome have been issued by the
Scandinavian Society of Anaesthesiology and Intensive
Care Medicine™ and the Brazilian Association of
Intensive Care Medicine and the Brazilian Thoracic
Society.”" Guidelines from the American Thoracic
Society on mechanical ventilation in adults with acute
respiratory distress syndrome and from the UK Intensive
Care Society on management are in development.
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Prolonged glucocorticoid
treatment in acute
respiratory distress
syndrome

We were disappointed that Rob Mac
Sweeney and Daniel F McAuley’s
Seminar (Nov 12, p 2416)' on
acute respiratory distress syndrome
overlooked much of the evidence
for prolonged glucocorticoid
treatment. The authors reference
two outdated meta-analyses*® that
have contradictory results. The basis
for the inconsistency between these
two meta-analyses can be explained
and current evidence suggests a net
benefit for glucocorticoids in acute
respiratory distress syndrome.*

In the 1980s, on the basis of a faulty
laboratory model, clinical investigations
focused on 1 day administration of
massive doses of methylprednisolone
(120 mg/kg per day) for prevention or
treatment of acute respiratory distress
syndrome. Unfortunately, these
obsolete trials are often combined with
contemporary trials in meta-analyses
despite serious inconsistencies,?
producing misleading results. Over the
past 20 years, randomised controlled
trials have instead investigated
low-to-moderate daily doses
(methylprednisolone equivalent
<1 mg/kg for early acute respiratory
distress syndrome, or <2 mg/kg for late
acute respiratory distress syndrome) for
1-4 weeks; meta-analyses should focus
on these randomised trials, which are
relevant today.

Our systematic review* included trial-
level and patient-level meta-analyses
of eight randomised trials (n=619)
investigating prolonged glucocorticoid
treatment in patients with acute
respiratory distress syndrome. With
high certainty, glucocorticoids
improved time to extubation
(10-1 fewer days, 95% Cl -13-1 to
-7-1) and mechanical ventilation-
free days at day 28 (5-8 more days,
95% Cl 3-8 to 11-5), and with moderate
certainty reduced in-hospital mortality

by 24% (95% Cl 2 to 41) for patients
randomised before day 14. Importantly,
avoiding sudden discontinuation of
glucocorticoids after extubation is
essential to preserve improvement.
These results are consistent with a
meta-analysis® of 13 randomised trials
(n=2005) investigating glucocorticoid
treatment in community-acquired
pneumonia, which is the leading cause
of acute respiratory distress syndrome.

This material is the result of work supported with
the resources and use of facilities at the Memphis VA
Medical Center. The contents of this Correspondence
do not represent the views of the US Department of
Veterans Affairs or the US Government.
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Authors’ reply

G Umberto Meduri and
Reed A C Siemieniuk incorrectly suggest
our Seminar' misinterprets the literature
regarding corticosteroids in acute
respiratory distress syndrome. Although
more recent studies might have refined
the research question, older studies still
remain the best evidence to address
the question such studies originally

asked, and so are not outdated. These
older studies are the reason high-dose
steroids are not used today.

The meta-analysis® by Meduri and
colleagues pooled individual participant
data from four randomised controlled
trials. Only 322 patients with acute
respiratory distress syndrome were
included in the individual participant
data meta-analysis. The trials from
which these data were obtained suffer
heterogeneity in terms of steroid used,
dosing, timing, and duration, as well as
methodological flaws. A further four
randomised trials of steroids in different
conditions were included in Meduri and
colleagues’ meta-analysis, which are
less relevant to our Seminar on acute
respiratory distress syndrome. The
methodological quality of Meduri and
colleague’s meta-analysis? is limited by
the absence of an a-priori published
protocol. An equally recent meta-
analysis® of steroids in acute respiratory
distress syndrome also found evidence
for substantial publication bias. The
most recent acute respiratory distress
syndrome steroid trial*—of which
Meduri is a co-author—that found low
dose of hydrocortisone did not improve
mortality was also not included in
Meduri and colleagues’ meta-analysis.”
There is a risk of academic bias with
Meduri being the primary author of
the meta-analysis,” as well as being an
author on almost half the randomised
controlled trials referenced in the meta-
analysis. Independent groups have
interpreted the literature differently,
with international guidelines®® on
acute respiratory distress syndrome
published in the past 2 years uniformly
recommending against the use of
steroids.

Although we accept that existing
evidence for steroids in acute
respiratory distress syndrome includes
the possibility of patient benefit, this
remains unproven. A personalised
approach to the use of steroids might
be more appropriate. Long-term
follow-up of survivors to define the
potential for harm is also needed. Use
of corticosteroids in acute respiratory
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distress syndrome should be the
subject of an adequately powered
multicentre randomised controlled trial
with long-term follow-up. Data from
ongoing randomised controlled trials
(NCT01731795, NCT01757899, and
NCT02819453) will help to determine
the role of steroids in acute respiratory
distress syndrome. As such data
become available, we will update the
recommendation in our Seminar." For
now, the recommendation that steroids
should be avoided is appropriate.
Steroids might or might not be
beneficial in acute respiratory distress
syndrome, but the data are insufficient
to support their use, regardless of how
much one might wish for it to be so.
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Beyond ESPAC-4: better
surgery and systemic
therapy

We appreciate the commentary
on our Article (March 11,
p 1011)' by Gaél Deplanque and
Nicolas Demartines (March 11, p 985)?
concluding that the ESPAC-4 trial
“...clearly establishes the combination
of gemcitabine and capecitabine
as a new standard of care in the
adjuvant setting of pancreatic ductal
adenocarcinoma”.

We would caution against the
approach taken by Deplanque
and Demartines that attempts to
interpret the findings in terms of a
cure. In our discussion we comment
only on the grounds of extending
overall survival, which should be
the primary outcome worthy of
discussion in a condition with such
a poor prognosis. Furthermore, it is
dangerous to extrapolate cure from
measures of relapse-free survival and
tumour recurrence from this analysis
because it is not possible to predict
what will happen to the patients still
at risk. Further analyses with longer
follow-up are required to get a better
estimate of the number of patients
who remain alive and disease free after
an extended period.

The estimates of the number of
patients needed to treat should follow
Altman and Andersen’s method?
for time-to-event outcomes that
gives an estimate of needing to treat
15 patients with the combination of
gemcitabine and capecitabine rather
than gemcitabine alone, and not
25 patients, to save one more life.
We would also counter the claim that
no patients had crossed the 5-year
survival boundary. Between Nov 10,
2008, and March 9, 2011, 162 patients
were randomised into the trial
permitting a minimum follow-up of
S years in these patients by the time of
the data cutoff on March 9, 2016.

We would reiterate the need raised
by Deplanque and Demartines to

improve not only the number of
patients who are suitable for surgery
but also to improve the outcomes of
patients following surgery. Adjuvant
chemotherapy clearly has a place in a
condition that was once considered
chemoresistant and the data from our
ESPAC-4 trial,* as from previous ESPAC
trials, have shown that patients with
better surgical outcomes (typically
RO and NO) are more likely to benefit
from adjuvant chemotherapy than
from no adjuvant chemotherapy
or the more efficacious adjuvant
chemotherapy—eg, hazard ratio
for death favouring combination
adjuvant chemotherapy in ESPAC-4
for RO was 0-68 (95% Cl 0-49-0-93)
compared with 0-90 (0-72-1-13)
for R1. Not only is more surgery
required then, but surgery with better
outcomes.* The role of neoadjuvant
therapy also needs defining notably
to increase the overall and RO and NO
resections.’

The primary endpoint was overall
survival, measured as the time from
randomisation until death from any
cause. The median time from surgery
to randomisation was 64 days (range
21-111), so the actual estimated
survival from the time of surgery is a
median of 64 additional days to the
estimated median 25-5 months in the
gemcitabine group and 28-0 months
in the gemcitabine plus capecitabine
group.!

As Deplanque and Demartines
note, fitter patients are more likely
to tolerate six cycles of adjuvant
chemotherapy, and it has been shown
using data from the ESPAC-3 trial®
that completing all six cycles is an
important factor in ensuring that the
effect of adjuvant therapy is realised
and might mean waiting sometime
after 8 weeks after surgery. In the
ESPAC-3 trial® the estimated median
time from surgery to randomisation
was 45 days (IQR 29-57) and from
randomisation to the start of
chemotherapy was 10 days (5-18) for
the fluorouracil plus folinic acid group
and 8 days (5-14) for the gemcitabine
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