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EXECUTIVE SUMMARY

The FICM/ICS Guideline Development Group have used GRADE methodology to make the following
recommendations for the management of adult patients with acute respiratory distress syndrome (ARDS).

The British Thoracic Society supports the recommendations in this guideline.

Where mechanical ventilation is required, the use of low tidal volumes (< 6 ml/kg ideal body weight) and
airway pressures (plateau pressure < 30 cmH,0) was recommended. For patients with moderate/severe ARDS
(PF ratio < 20kPa), prone positioning was recommended for at least 12 hours per day.

By contrast, high frequency oscillation is not recommended and it is suggested that inhaled nitric oxide is not
used. The use of a conservative fluid management strategy was suggested for all patients, whereas mechanical
ventilation with high positive end-expiratory pressure (PEEP) and the use of the neuro-muscular blocking agent
cisatracurium for 48 hours was suggested for ARDS patients with PF ratios less than or equal to 27 and 20 kPa
respectively.

Extra-corporeal membrane oxygenation (ECMO) was suggested as an adjunct to protective mechanical
ventilation for patients with very severe ARDS. In the absence of adequate evidence, research
recommendations were made for the use of corticosteroids and extra-corporeal carbon dioxide removal
(ECCOR).
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INTRODUCTION

Aims

The purpose of this guideline is to provide an evidence-based framework for the management of adult patients
with acute respiratory distress syndrome (ARDS) that will inform both key decisions in the care of individual
patients and broader policy. Our recommendations are neither dictates nor standards of care. We cannot take
into account all of the features of individual patients and complex local factors; all we can do is to synthesise
relevant evidence and to put it into the context of current critical care medicine. Similarly, our
recommendations are not comprehensive: these guidelines have relevance to a fraction of the total number
of decisions that are required of carers for these complex patients. Indeed, the current state of the art for the
management of ARDS has been recently reviewed* and comparable guidelines have been produced by
national and international stakeholders>®.

Scope

The topics considered were chosen by the Guideline Development Group (GDG) in the light of results from a
survey carried out for the Intensive Care Society (ICS), including 556 responses from 3,200 members. Popular
topics were excluded by the GDG if it was felt that there was a dearth of evidence (e.g. appropriate
investigations and the role of specialist centres), when the evidence was not specific to ARDS (weaning from
mechanical ventilation, nutrition and the timing of tracheostomy) and if there was over-lap with existing
guidelines (post-ICU care and rehabilitation).

Definitions

ARDS was first reported in a case series from Denver in 19677. The American European Consensus Conference
(AECC) 1994 defined ARDS as ‘an acute inflammatory syndrome manifesting as diffuse pulmonary oedema and
respiratory failure that cannot be explained by, but may co-exist with, left-sided heart failure®. In 2012, the
AECC definition was re-evaluated and minor alterations were proposed by the European Society of Intensive
Care Medicine (ESICM) ARDS Definition Task Force (Table 1). This iteration recognised 3 grades of severity
depending on the degree of hypoxaemia and stipulated the application of at least 5 cmH,0 of positive end-
expiratory pressure (PEEP) or continuous positive airway pressure (CPAP). This so called Berlin definition was
validated using retrospective cohorts and captures patients with a mortality of 24% in patients with mild ARDS,
rising to 48% in the group of patients with the most severe respiratory failure®.

A four-point lung injury scoring system (Murray Score or LIS) is the most widely used means of quantifying
ARDS severity. It is based on the level of PEEP, the ratio of the partial pressure of arterial oxygen (Pa0O;) to the
fraction of inspired oxygen (FiO,), the dynamic lung compliance and the degree of radiographic infiltration 7.
Although the LIS has been widely used in clinical studies and a score of >3.0 is commonly used as a qualifying
threshold for support with extra-corporeal membrane oxygenation (ECMO), it cannot predict outcome during
the first 24 to 72 hours of ARDS®. When the scoring system is used 4 to 7 days after the onset of the syndrome,
scores of 2.5 or higher predicted a complicated course requiring prolonged mechanical ventilation®.

As a syndrome rather than a disease, there is no laboratory, imaging, or other ‘gold standard’ diagnostic
investigation for ARDS. Therefore like acute kidney injury, ARDS is caused by a huge range of conditions and
as a consequence patients with ARDS are heterogeneous. The outcome of these patients is determined by the
underlying causes of ARDS, patient specific factors such as co-morbidities, clinical management and the
severity of illness.




Epidemiology and Outcomes

Using the AECC definition, several population-based studies of ARDS showed a fairly consistent picture of the
age, mortality, and severity of illness; however, there was almost a fourfold difference in incidence, probably
contributed to by differences in study design and ICU utilisation'’. In the United States, there are estimated to
be 190,000 cases and 74,000 deaths annually from ARDS. Whereas in a third world setting, from 1046
patients admitted to a Rwandan referral hospital over 6 weeks, 4% (median age 37 years) met modified ARDS
criteria. Only 30.9% of patients with ARDS were admitted to an ICU, and hospital mortality was 50.0%. This
study used the Kigali modification of the Berlin definition: without a requirement for PEEP, hypoxia threshold
of Sp0,/FiO; less than or equal to 315, and bilateral opacities on lung ultrasound or chest radiograph 2.

The recently published LUNG SAFE trial was designed to study prospectively the performance of the Berlin
definition and to reflect modern management of ARDS. To those ends, the investigators recorded admissions
over 4 weeks to 459 ICU in 50 countries over 5 continents including 29,144 patients. In total, 3022 (10.4%)
cases fulfilled ARDS criteria, including almost a quarter of those supported with invasive mechanical
ventilation®®. Despite this relatively high prevalence and the study’s focus on ARDS, the syndrome was
recognised in only half of the mild ARDS group. Furthermore, in a study that reported on 815 patients with at
least one risk factor for ARDS who were admitted to one of 3 Spanish hospitals over 4 months, 15 out of 53
patients (28%) were not admitted to an ICU suggesting that LUNG SAFE may have underestimated both ARDS
incidence and over-looked diaghoses.'

Survivors commonly suffer from muscle weakness and neuropsychiatric problems, such that fewer than 50%
have returned to work 12 months after leaving intensive care®®. However, it is unusual for ARDS survivors to
be significantly limited by chronic respiratory failure. Therefore ARDS is important both clinically and
financially, because it is a not uncommon contributor to the deaths of critically ill patients of all ages and
because survivors carry on suffering from the sequelae of critical illness long after they leave hospital °.

Pathophysiology

The pathophysiology of ARDS results from acute inflammation affecting the lung’s gas exchange surface, the
alveolar-capillary membrane!. Firstly there follows an increase in the permeability of the membrane
associated with the recruitment of neutrophils and other mediators of acute inflammation into the airspace
manifesting as high permeability pulmonary oedema. The resulting acute inflammatory exudate inactivates
surfactant leading to collapse and consolidation of distal airspaces with progressive loss of the lung’s gas
exchange surface area. This would be compensated for by hypoxic pulmonary vasoconstriction, if the
inflammatory process did not also effectively paralyse the lung’s means of controlling vascular tone thereby
allowing deoxygenated blood to cross unventilated lung units on its way to the left heart. The combination of
these two processes causes profound hypoxaemia and eventually type 2 respiratory failure as hyperventilation
fails to keep pace with carbon dioxide production.

Diagnosis

Any diagnostic strategy for ARDS is sufficiently dependent on local factors, such as the prevalent causes of
infectious pneumonia and access to imaging modalities, that a single protocol cannot be recommended. An
exemplar from a tertiary referral centre used to dealing with complex and very severe cases is included (Figure
A p43-44). There are two main broad categories of condition that resemble ARDS but have a distinct
pathophysiology. Firstly, cardiovascular conditions of rapid onset including: left heart failure, right-to-left
vascular shunts usually with some lung pathology, and major pulmonary embolism. Secondly, lung conditions
which develop more slowly than ARDS, for example: interstitial lung diseases (especially acute interstitial
pneumonia), broncho-alveolar cell carcinoma, lymphangitis and the pulmonary vasculitides.




TECHNICAL SUMMARY

The guidelines for the management of adult patients with ARDS were created by a multi-disciplinary writing
group constituted by the Joint Standards Committee of the Faculty of Intensive Care Medicine (FICM) and the
Intensive Care Society (ICS). All group members, including lay members, are co-authors of the guideline. The
group first met in 2013 and completed the guidelines in 2018. The guidelines have undergone both
independent external peer review and also input from stakeholder organisations.

The process for guideline creation adhered to that of the National Institute for Health and Care Excellence
(NICE). In brief, the writing group first performed a scoping exercise on the topic having decided that the focus
should be on effective treatment interventions. Ten topics were chosen based on existing guideline
recommendations and the experience of committee members. These included:

e (Corticosteroids

e Extra-corporeal Membrane Oxygenation (ECMO)
Extra-corporeal Carbon Dioxide removal (ECCOR)
Fluid Strategy

High Frequency Oscillation (HFOV)

Inhaled Vasodilators (iVasoD)

e Lung Protective Ventilation: Tidal Volume (Vt)

e Neuromuscular Blocking Agents (NMBA)

e Positive End-Expiratory Pressure (PEEP)

e Prone Positioning

Each topic was developed into a full protocol using the PICO (Population, Intervention, Comparison, Outcome)
formulation. Search strategies for each topic were then developed by the group information expert with a
focus on systematic reviews (SR) and meta-analyses (MA). Each topic was assigned to two group members
with one acting as topic lead. High-quality MA and SR were selected and the references placed in an Endnote™
database. Pre-selected outcome data were extracted from these reviews, using the most up-to-date meta-
analysis where possible. Data from older MA were used if not all the preselected outcomes could be extracted
from the most recent MA.

The guidelines used the internationally recognised GRADE methodology *. Group members received training
on the GRADE process and were given a resource pack which included a practical guide which was created in-
house. GRADE makes recommendations based on patient centred and predetermined outcomes. It does not
judge the quality of individual randomised controlled trials (RCT) but makes quality assessments on the pre-
determined outcomes which, where possible, are extracted from published MA &,

The following outcomes were chosen by the writing group as either of critical or high importance using the
GRADE methodology:

Mortality (28 day, hospital and 6 month) Critically important
Mortality (1 year) Critically important
Length of stay (ICU and hospital ) Important
Quiality of life (at 3 months) Critically important
Quiality of life (at 6 months and 1 year) Important
Harms (at 3 months, 6 months and 1 year) Important

GRADE has a transparent methodology and guides recommendations based on the evidence collected. In
reality, treatment recommendations are a graduation. However, in order to aid clinical decision-making
GRADE converts the continuum into five mutually exclusive categories 7. Recommendations are therefore
categorised as strongly in favour, weakly in favour (or conditional), strongly against or weakly against
(conditional). Finally, a research recommendation can be made where the estimate of the magnitude of effect




and its boundaries were so imprecise and wide that further research is likely to make a fundamental change
to a recommendation. Recommendations were made by the whole writing group. The lead author would
present the data and suggest a recommendation, using GRADE methodology, based on the balance of benefits
and harms as detailed in the GRADE tables and evidence. The group would then debate the topic and reach a
consensus, based on the opinion of the majority.
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CORTICOSTEROIDS

PICO Question

In adults with ARDS, does the use of corticosteroids, compared with standard care affect survival and

selected outcomes?

Study Identification

The search strategy was predefined as per the online appendix C. The role of corticosteroids in ARDS has been
studied in RCT both in populations at risk of developing ARDS and in the established syndrome. These
prevention and treatment trials have been separately analysed in most SR with MA; the results of the former
have been excluded from this analysis. Eight high quality SRs with MA, performed between 2008 and 2014,
were identified (see PRISMA chart in online appendix A)*26, A total of 8 RCTs performed between 1985 and

2007 were included in these reviews. The largest single study enrolled only 180 patients.

A GRADE Summary of Findings table is shown below based on critical and important outcomes. A full GRADE

evidence table can be found as part of the online appendix B.

Corticosteroids compared to placebo for Acute Respiratory Distress Syndrome

Patient or population: Adults with ARDS
Settings: Intensive Care

Intervention: Corticosteroids
Comparison: Placebo

lllustrative comparative risks
(95% Cl)

Control risk I?terventlon
risk
Placebo Corticosteroids

[ S—
\I;EZ::)-OW All studies conducted in the
serious risk pre-lung protection strategy

Mortality 526 per 1000 326 per 1000 RR 0.62 561 of bias era. One study changed

(Hospital) P (121 to 663) (0.23t0 1.26) | (5 studies) I ventilation protocol during
serious .
inconsistenc the study, following ARDS

. Y| Net ARMA result

and serious
imprecision
-
LOW

(“Qi?a.'t';yor 60 | 500per1000 | 42> Per1000 ) RR0.91 725 sDeur?otL?s Z? glc?t(:w i::::rz;t:nftr::‘dsmdies

P P (355 to 590) (0.71t0 1.18) | (8 studies) serious . :

day) inconsistency | preventative steroids
and serious
imprecision
E—
LDOLY:tO Composite of infection;

287 per 1000 RR 0.82 494 . . neuromyopathy; diabetes,
E

Adverse Events 350 per 1000 (175 to 477) (0.5 to 1.36) (4 studies) serlt?us risk Gastro-intestinal bleeding

of bias and
. and others

serious
imprecision
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Analysis of Outcomes

Mortality

A MA of hospital mortality alone was presented in two SRs!>?!, whilst combined data on both hospital and 60

day mortality were presented in another SR%. The quality of evidence supporting the relative risk (RR) of 0.51
(95% Cl 0.24 to 1.09) in hospital mortality with steroids was very low?! (see GRADE evidence profile table).
There was a serious risk of bias with only 75% of the Cochrane risk of bias recommendations followed.
Inconsistency was also serious with point estimates varying widely, confidence intervals overlapping, a lack of
consistent direction of effect and significant heterogeneity (1> 52%). Imprecision was also serious. A post hoc
power calculation suggests that the pooled studies only had an approximately 65% power and a sample size
calculation based on the reported effect size suggested that sample size was inadequate (predicted sample
size of 474; actual pooled sample size of 341 for hospital mortality). This is likely to be an underestimate of
the sample size required, as the effect size is likely to be smaller than the pooled data suggest due to
heterogeneity of the studies.

A further issue is the fact that the majority of these studies were performed in the pre-lung protection strategy
era. The largest ARDS Network steroid study. LASARUS changed its ventilation protocol during the study to
reflect the results of the ARDS Network ARMA low tidal volume study?’.

The other hospital mortality analysis also reported low quality data with an estimated RR of 0.62 (0.23 to
1.26)%. Combining hospital and 60 day mortality gave a RR estimate of 0.91 (0.71 to 1.18) with serious
inconsistency and indirectness issues including the fact that this was a pooled estimate of both preventative
and treatment studies®.

Length of Stay

A MA of hospital length of stay was presented in one SR and MA?2. A mean reduction of 4.8 days with steroid
treatment was reported but the overall quality of the studies was very low.

Quality of Life

No trial reported on quality of life.

Treatment Harms

Potential harms of treatment with steroids included excess hospital acquired infections, neuromyopathy and
delirium. The only available MA reported a composite analysis of infection, neuromyopathy, diabetes, gastro-
intestinal bleeding and other complications?!. The RR reported was 0.82 (0.5 to 1.36) but the quality of the
trials was low.

GRADE Recommendation Statement

The use of corticosteroids in established ARDS should be the subject of a suitably powered multicentre RCT
with long term follow up, that focuses on both potential benefits and harms. (GRADE Recommendation:
research recommendation).

GRADE Recommendation Justification

Current evidence includes the possibility of substantial patient benefit and the risk of harm appears small,
although the group noted that the trials did not include longer term follow up of survivors. However the
evidence is of low to very low quality from clinical trials which were mostly conducted before the current era
of lung protective ventilation. In addition, the lack of sufficient power in any individual study or in the

12



combined MA and the heterogeneity of the dose, timing and agent used also influenced the decision. The
group believed that a position of equipoise exists and the research recommendation reflects this view.

As a caveat it is worth mentioning that specific steroid responsive disorders may mimic ARDS pattern, for
example pneumocystis jirveci pneumonia, acute eosinophilic pneumonia, diffuse alveolar haemorrhage.

Implications for Future Research

A large, multi-centre study on steroids in established ARDS is currently planned.

13



EXTRA-CORPOREAL MEMBRANE
OXYGENATION

PICO Question

In adults with ARDS, does the use of Extra-Corporeal Membrane Oxygenation (ECMO), compared with
standard care affect survival and selected outcomes?

Study ldentification

The search strategy was predefined as per the online appendix C. Eight relevant SR were identified, of which
three included a MAZ?3° (see PRISMA chart in online appendix A). When analysing results, we used the most
recent SR with MA that considered the outcome in question®. The selected SR with MA included only two RCT
of ECMO in adults with ARDS. These RCT were published in 1979 and 2006 and included a total of 270
participants.3>32 The older RCT*? did not combine the use of ECMO with protective low tidal volume
mechanical ventilation and so is of little relevance to current practice. Data from this RCT and RCTs
investigating the use of extra-corporeal carbon dioxide removal (ECCOR)**3* were excluded. By contrast, we
included in our de novo MA two quasi-RCT, which used genetic matching with replacement to identify control
subjects and compared these with patients supported with ECMO in a total of 346 patients, all with pandemic
H1N1 2009 influenza A3>3,

A GRADE Summary of Findings table is shown below based on critical and important outcomes. A full GRADE
evidence table can be found as part of the online appendix B.

Extra-Corporeal Membrane Oxygenation (ECMO) compared to standard care for Acute Respiratory Distress Syndrome
Patient or population: Adults with ARDS
Settings: Intensive Care

Intervention: ECMO

Comparison: Standard care

lllustrative comparative risks

(95% CI)
Control risk Intervention risk
Usual Care ECMO
J S—
VERY LOW
Mortality 324 per 1000 RR 0.64 505 Dueto Includes data from 2 quasi-
(pooled) 517 per 1000 (264 to 408) (0.51t00.79) | (3 studies) ser|9us risk ra'ndc.>m|sed trials of patients
of bias and with influenza A HIN1
serious
indirectness
J S—
VERY LOW
RR 26.02 Due to
Adverse vent: | o 1000 250 per 1000 (3.68 to 249 serious risk
Bleeding 184.16) (2 studies) of bias and
serious
indirectness

Analysis of Outcomes

Mortality

Hospital mortality was studied in two quasi-RCT in HIN1 patients®*>3® and hospital mortality was combined
with mortality up to 6 months after hospital discharge in the RCT (CESAR) that recruited a general adult
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population with severe ARDS?!. Point estimates consistently showed a reduction in mortality in patients
supported with ECMO: the risk ratio for hospital mortality was 0.64 (0.51-0.79). However, owing to the
potential bias and lack of generalisability in the quasi-RCTs, the quality of evidence was deemed to be very
low.

Length of Stay

This was not reported in the included MA.

Quality of Life

This was not reported in the included MA.

Economic Data

This was not reported in the included MA. The CESAR study alone included both cost utility and cost
effectiveness analyses enabling investigators to predict a lifetime cost per QALY for ECMO of £19,252 (CI
7,622 to 59,200) at a discount rate of 3.5%5.

Treatment Harms

The use of ECMO is associated with the risk of serious bleeding, although this has not been universally
reported or consistently defined in published studies. The risk ratio for bleeding associated with ECMO was
11.44 (3.11-42.06). The quality of evidence was deemed to be very low because data were available from two
non-randomised studies that only included patients with ARDS associated with influenza A (H1IN1) 3536,

GRADE Recommendation Statement

We do not recommend the routine use of ECMO for all patients with ARDS (GRADE Recommendation: weakly
against). We suggest the use of ECMO with lung-protective mechanical ventilation in selected patients with
severe ARDS (GRADE Recommendation: weakly in favour).

GRADE Recommendation Justification

The use of ECMO in selected adults suffering severe ARDS (defined as a Lung Injury Score of 3 or more or pH
<7.20 due to uncompensated hypercapnoea), was given a weakly positive recommendation based on very low
quality evidence. The most widely used indications for ECMO are those reported in the CESAR study3!. There
is a paucity of data to make this judgement: one RCT remains after excluding studies including patients
supported with ECCOR and one RCT from 1979 in which mechanical ventilation was not protective. Arguably
the predominant mechanism through which ECMO may confer a benefit is by enabling the dramatic reduction
of ventilation volumes and pressures, thereby mitigating ventilator associated lung injury (VALI).

Scant evidence, again of very low quality, suggested an increased risk of bleeding associated with the use of
ECMO: consistent with data from the Extra-corporeal Life Support Organization (ELSO), which publishes its
registry data from around 300 centres world-wide. The incidence of serious bleeding (approximately 15%
overall) and intra-cranial haemorrhage (3.9%) associated with the use of vwwECMO for respiratory failure in
adult patients based on data from the ELSO registry from its inception in 1989 to 2016 has recently been
reported?’.
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EXTRA-CORPOREAL CARBON DIOXIDE
REMOVAL

PICO Question

In adults with ARDS, does the use of extra-corporeal carbon dioxide removal (ECCOR), compared with
standard care affect survival and selected outcomes?

Study ldentification

The role of ECCOR in ARDS has been studied in 2 RCT in patients with ARDS enrolling 119 subjects. These trials
have been analysed in SR without MA: There were significant difference between the studies in both ECCOR
technique and conventional ventilator strategy. Consequently, the SR was not able to perform a meaningful
MA. There were two RCTs performed between 1994 and 2013383°,

A GRADE Summary of Findings table is shown below based on critical and important outcomes. A full GRADE
evidence table can be found as part of the online appendix B.

Extra-Corporeal Carbon Dioxide Removal (ECCOR) compared to standard care for
Acute Respiratory Distress Syndrome

Patient or population: Adults with
ARDS Settings: Intensive Care
Intervention: ECCOR Comparison:
Standard Care

J R—
VERY LOW Mostly observational studies.
Due to Only 2 RCTs performed. No MA
serious risk of | performed as variable approach
Mortality No MA 457 bias, serious to ECCOR and standard ventilator
(Hospital) conducted (13 studies) inconsistency, | strategies. Mortality estimates
serious presented as simple descriptions
indirectness —27 to 75% (mean 55.5%,
and serious standard deviation 47.2 to 60.3)
imprecision
-
VERY LOW
Due to 0-25% incidence of arterial injury.
serious risk of | Higher incidence of transfusion
Adverse No MA 485 bias, serious reported in 2 studies.
Events conducted (13 studies) inconsistency, | Complications presented as
serious aggregated simple descriptions —
indirectness 0-25%
and serious
imprecision
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Analysis of Outcomes

Mortality

The risk of bias in the two RCTs was low. Both studies were stopped early following planned interim analyses
and concluded that any difference between control and intervention groups was too small to be
demonstrated. One trial enrolled 79 out of a planned 120%* and the other 40 out of a planned 60%. In-hospital
mortality was reported in one RCT with 17.5% in the intervention, compared with 15.4% in the control®. The
other RCT reported 30 day mortality in the intervention group of 66.6% and 57.9% in the control®. These were
not significantly different.

Length of Stay

This was not reported in the included SR.

Quality of Life

No trial reported on quality of life.

Economic Data

No trial reported on economic data.

Treatment Harms

Potential harms of treatment with ECCOR included bleeding and thrombosis. Complications were dependent
upon the type of ECCOR used with approaches which required arterial cannulation reporting an incidence of
arterial injury from 0-25%%. Blood transfusion requirements were also increased in the ECCO2R group .

GRADE Recommendation Statement

The use of ECCOR in established ARDS should be the subject of a suitably powered multicentre RCT with long
term follow up and economic analysis, that focuses on both potential benefits and harms. (GRADE
Recommendation: research recommendation).

GRADE Recommendation Justification

Current evidence is extremely limited and mainly consists of non-randomised prospective and retrospective
trials®*, The substantial differences between the techniques for both ECCOR and conventional ventilation
make the two RCTs incomparable. However, there is evidence that ECCOR can allow ventilation with tidal
volumes lower than currently recommended for ARDS and the potential benefits of this approach should be
tested in an appropriately designed RCT. The group believed that a position of equipoise exists and the
research recommendation reflects this view.

Implications for Future Research

A large, multi-centre study on veno-venous ECCOR in patients with hypoxaemic respiratory failure and ARDS
is currently ongoing, the REST (protective ventilation with veno-venous lung assist in respiratory failure) trial
(http://www.nictu.hscni.net/rest-trial). NICE guidelines on the use of ECCOR encourage clinicians to recruit
patients to the REST trial.

17


http://www.nictu.hscni.net/rest-trial

FLUID MANAGEMENT

PICO Question

In adults with ARDS, does the use of a conservative fluid strategy, compared with a liberal fluid strategy or
standard care, affect survival or selected outcomes?

Study ldentification

The search strategy was predefined as per the online appendix C. Of four SR identified ¢ 47 %8 4° one recent
high quality SR with MA addressing the question of optimal fluid strategy in ARDS was included®. This review
included patients with ARDS, sepsis and SIRS, although subgroup data were available for ARDS. The review
included data from 5 RCTs in ARDS 0% performed between 2002 and 2014, and ranging from 29 to 1000
participants. Significant clinical heterogeneity was evident between these studies in terms of intervention
strategies, fluid balance achieved, and outcome reporting. Conservative fluid strategies included protocolised
diuretic use, with °>°! or without 2 hyperoncotic albumin solutions, minimisation of fluid intake 2, and the use
of extravascular lung water (EVLW) measurements to guide fluid therapy °3. Liberal fluid strategies varied from
a protocolised fluid administration strategy, which approximated the usual care arm of previous large trials in
ARDS >, use of furosemide without hyperoncotic albumin *°, and use of pulmonary capillary wedge pressure
(PCWP) to guide fluid administration 3. One study did not define conservative and liberal fluid strategies in
detail .

A GRADE summary of findings table is shown below for critical and important outcomes. A full GRADE evidence
table can be found as part of the online appendix B.

Conservative compared to liberal fluid management for Acute Respiratory Distress Syndrome
Patient or population: Adults with ARDS
Settings: Intensive Care

Intervention: Conservative fluid strategy
Comparison: Liberal fluid strategy
lllustrative comparative risks

(95% Cl)
Control risk Intervention risk
Liberal fluid Conservative
strategy fluid strategy
-
LOW
(Mgf,tlzztﬁ to60 | 311 per1000 | 233 Per1000 RR 0.91 1206 sDeL:’?otL?s \t::(;izleeaﬂcl;:ude:;?;engc;es e
P P . (239 to 332) (0.77t01.07) | (5RCTs) sert .
days) indirectness | outcome reporting
and serious
imprecision
Single study. There were a
similar number of renal
failure free days between
-+ conservative and liberal fluid
Adverse Event: MODERATE | Management groups. Ina
. 1000 post-hoc analysis where
Acute kidney Due to - .
injury (AKI) (1 study) serious creatinine was adjusted for
Jury X - fluid balance, conservative
imprecision .
fluid management was
associated with lower
incidence of AKI (58% versus
66%).
-
Adverse Event:
Renal 141 per 1000 100 per 1000 RR0.71 1000 ':u?eDtERATE Single stud
replacement P (70 to 139) (0.50t0 0.99) | (1 study) . g 4
serious
therapy (RRT) X -
imprecision
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-

serious

Assessed with: Cognitive

VERY LOW
Adverse Event: Mean - 10.71 function component of QLQ-
. Due to very
Post-ICU Mean - 74.31 higher 100 serious risk €30
cognitive . (5.22 higher to 1(study) . Scale from: 0 to 100, with a
. . of bias and . .
function 16.2 higher) higher score representing

. better cognitive function
indirectness

Analysis of Outcomes

Mortality

Heterogeneity in outcome reporting was evident, with 2 studies reporting mortality at 30 days %! and 3 at
60 days 2% the pooled results showed no effect of fluid balance strategy on mortality.

Moderate quality evidence supported an RR of 0.91 (95% Cl 0.77 — 1.08) for mortality using a conservative
rather than a liberal fluid strategy. Although two of the RCTs included were at high or uncertain risk of bias
5354 these studies included only 129 of 1206 patients, and thus overall no serious risk of bias was deemed to
be present. Serious indirectness was present, in that various treatment regimens were compared, including a
comparison of hyperoncotic albumin versus placebo as an adjunct to diuretic therapy *°, and of ELVW-guided
with PCWP-guided fluid therapy >3. Exclusion of these studies made little difference to the point estimate. As
confidence intervals around the point estimate were wide, neither clinically important benefit nor harm could
be excluded.

Length of ICU stay

Very low quality evidence for a reduction in length of ICU stay with a conservative fluid strategy was provided
by two small RCTs including 129 patients >***. Both studies were at very serious risk of bias due to lack of
blinding and other methodological difficulties. One study > compared EVLW-guided with PCWP-guided fluid
therapy, neither of which is commonly used clinically, and a clinically important difference in fluid balance
between groups was absent. The population, intervention and comparator in the other study were not
reported in detail **. The small number of patients in these studies also led to very serious imprecision.

Length of Hospital stay

A single RCT*! provided low quality evidence for the absence of an effect of fluid strategy on length of hospital
stay. Very serious imprecision was present due to a lack of statistical power to exclude a clinically important
difference on this outcome.

Treatment Harms
Acute Kidney Injury incidence

Incidence of Acute Kidney Injury (AKI) was felt to be of importance as this represents an important potential
harm of a conservative fluid strategy. A single large RCT > provided low quality evidence for similar numbers
of AKI-free days with conservative and liberal fluid strategies, and a post hoc analysis of this trial >> suggested
a reduction in AKI incidence with a conservative fluid strategy using creatinine measurements corrected for
changes in volume of distribution.

Requirement for renal replacement therapy

It was considered that requirement for renal replacement therapy (RRT) represented a potential harm from a
conservative fluid strategy. Moderate quality evidence for a reduction in the requirement for RRT with a
conservative fluid strategy was provided by a single large RCT 2 (RR 0.71, 95% CI 0.50 — 0.99).
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Cognitive dysfunction

A post hoc analysis of a small subgroup of patients from the FACTT trial found conservative fluid strategy to
be an independent risk factor for long-term cognitive dysfunction following ARDS °¢. One RCT of uncertain risk
of bias found better cognitive outcome scores with conservative fluid strategy than with liberal fluid strategy
> although the duration of follow up and details of the intervention were not described.

GRADE Recommendation Statement

We suggest the use of a conservative fluid strategy in patients with ARDS. (GRADE recommendation: weakly
in favour).

GRADE Recommendation Justification

Despite the low quality of evidence for the majority of outcomes, and the results being driven largely by a
single trial >2, conservative fluid management may be beneficial without evidence of harm. We therefore
suggest that in adult patients with ARDS, clinicians consider the use of a conservative fluid strategy which
utilises fluid restriction, diuretics, and possibly hyperoncotic albumin to avoid a positive fluid balance in
preference to a liberal fluid strategy.
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HIGH FREQUENCY OSCILLATORY
VENTILATION

PICO Question

In adults with ARDS, does the use of high frequency oscillatory ventilation (HFOV), compared with standard
care affect survival and other selected outcomes?

Study ldentification

The search strategy was predefined as per the online appendix C. The role of HFOV in ARDS with moderate to
severe hypoxaemia has been studied in 6 RCT published between 2002 and 2013 %2, Two recent RCTs
enrolled a disproportionate number of patients — 1343 out of 1608 patients (795 patients in one and 548 in
the other).There have been an additional two RCTs of HFOV combined with tracheal gas insufflation®®. These
trials have been analysed in 3 SR with MA®®7,

Data were analysed from 2 of these: the most recent MA was used first &, supplemented with additional data
from previous studies %. One MA was excluded as it combined results of RCTs with HFOV and tracheal gas
insufflation with those of RCTs with HFOV alone®’.

A GRADE Summary of Findings table is shown below based on critical and important outcomes. A full GRADE
evidence table can be found as part of the online appendix B.

High Frequency Oscillatory Ventilation (HFOV) compared to usual care for Acute Respiratory Distress Syndrome

Patient or population: Adults with ARDS
Settings: Intensive Care

Intervention: HFOV

Comparison: Standard Care

Illustrative comparative
risks (95% Cl)

X Intervention
Control risk .
risk
Standard Care | HFOV
+++-
MODERATE ) _
442 per 1000 RR1.22 1321 Due to Changes in conventional
Mortality (ICU) 308 per 1000 moderate ventilation strategies
(308 to 447) (0.93t0 1.60) | (3 studies) inconsistency accounted for heterogeneity
and mild
indirectness
+++-
. 404 per 1000 RR 1.04 1580 Changes in conventional
Mortality (30 P MODERATE ilati i
day) 411 per 1000 ventilation strategies
Y (373 t0 432) (0.83t01.31) | (5 studies) Due to accounted for heterogeneity
moderate
inconsistency
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and mild
indirectness

+4--

RR 1.205
Adverse Events: 75 per 1000 752 LowW
93 per 1000 (0.834 to . Due to Barotrauma variably defined
Barotrauma (20 to 115) (4 studies) K
1.742) serious
imprecision
RR 0.557 757 - Oxygenation failure variably
77 per 1000 (0.351 to (3 studies) LOow defined.
Adverse Events: 0.884) Due to
Oxygen failure 102 per 1000 i
ve (61 to 89) Serious
imprecision

Analysis of Outcomes

Mortality

The relative risk of death associated with HFOV was 1.218 (0.925 to 1.604). The evidence was judged to be of
moderate quality®. Of the RCTs contributing to the two MAs, five demonstrated no difference in mortality
between HFOV and conventional ventilation,®’-¢?
mortality in the HFOV arm °. The overall risk of bias in included studies was low with the exception of two
studies where crossovers accounted for more than 10% of the study group®’~°. Inconsistency was serious with

point estimates varying widely, confidence intervals overlapping, a lack of consistent direction of effect and

significant heterogeneity (1> = 63.1%, p= 0.028).

Length of stay

This was not reported in the included SR.

Quality of Life

No trial reported on quality of life.

Economic Data

No trial reported on economic data.

Treatment Harms

Potential harms of HFOV were reported including barotrauma, hypotension and oxygenation failure. The
relative risk of barotrauma was reported from 4 studies enrolling 752 subjects as 1.205 (95% Cl 0.834,1.742),
however the studies used a variable definition of barotrauma®. The relative risk of hypotension was reported
as 1.326 (95% C1 0.271, 6.476) these data were derived from 3 studies enrolling 237 patients®. Oxygenation
failure in the MA included 757 patients from three studies with a relative risk for HFOV of 0.557 (95% Cl 0.351,

0.884)%.
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GRADE Recommendation Statement

We do not recommend the use of HFOV in the management of patients with ARDS (GRADE recommendation:
strongly against).

GRADE Recommendation Justification

The use of HFOV for the management of ARDS was given a GRADE recommendation of strongly against based
on moderate quality evidence. Current evidence from multiple RCTs demonstrated no benefit from HFOV and
one RCT demonstrated an increase in mortality with HFOV.
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INHALED VASODILATORS

PICO Question

In adults with ARDS, does the use of inhaled vasodilators (iVasoD), compared with standard care affect survival
and selected outcomes?

Study Identification

The search strategy was predefined as per the online appendix C. The role of the iVasoD nitric oxide (iNO) in
the management of ARDS has been assessed in multiple RCT, which have been analysed in subsequent SR with
MA. No studies examining the role of nebulised prostacyclin (nPGl;) in adults with ARDS were identified by
Cochrane reviewers in 2010%.

Three SR with MA were identified from which data were analysed (see PRISMA chart in online appendix A)%
7L Mortality data were analysed from 9 RCT’?® published between 1998 and 2004, including 1,142
participants. Exclusion criteria for RCT included: >50% cross-over between iNO and placebo groups and
unequal distribution of other rescue therapies between treatment and control groups. Limited information on
possible harms was available: data from 4 RCT’>747879 provided specific information regarding nephrotoxicity
associated with the use of iNO.

A GRADE Summary of Findings table is shown below based on critical and important outcomes. A full GRADE
evidence table can be found as part of the online appendix B.

Inhaled Vasodilators (iVasoD) compared to placebo or usual care for Acute Respiratory Distress Syndrome
Patient or population: Adults with ARDS

Settings: Intensive Care

Intervention: iVasoD, inhaled nitric oxide (iNO) for all studies

Comparison: placebo or usual care
lllustrative comparative risks

(95% Cl)
Control risk Intervention risk
Placebo/Usual VasoD
care
++-- Six out of 9 studies compared
Low iNO with usual care rather
Mortality 315 per 1000 | 346 per 1000 RR 1.10 1142 ?e“rieot:; - than placebo
(pooled) (296 to 406) (0.94 t0 1.29) | (9 studies) of bias and Highly variable dose and
serious duration of iNO and inclusion
indirectness | criteria
- Highly variable dose and
Low duration of iNO and inclusion
::::Irse Frent 124 per1000 | 131 per 1000 RR 1.55 919 sD:r‘iaotL:)s risk erere
dysfunction Eenim At (1.15102.09) | (4 studies) of bias and Variable criteria used to
serious define renal dysfunction
indirectness
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Analysis of Outcomes

Mortality

Mortality at hospital discharge was used for analysis where available. Otherwise these data were combined
with mortality at discharge from the ICU or 28-30 days after randomisation. The quality of evidence supporting
the relative risk (RR) of 1.10 (95% Cl 0.94 to 1.29: p = 0.24) in the first treatment analysis was low (see GRADE
evidence profile table). In only 3/9 studies 7>7°# was placebo gas (nitrogen) administered to the control
group, creating a serious risk of bias in the other 6 studies. There was serious indirectness in the 9 studies
analysed owing to variability in inclusion criteria including marked deviation from AECC criteria for diagnosing
ALI/ARDS and variable iNO treatment regimens. Data from studies using different doses of iINO were
combined. These variable doses and duration of treatment, which may be considered to be too high and too
long respectively, constitute a serious source of indirectness. Consistency was good with confidence intervals
overlapping, a consistent direction of effect and a very low heterogeneity 12 0%’°.

Subgroup analysis from 7/9 trials did not support the hypothesis that iNO conferred a survival benefit in
patients with severe ARDS (PaO; to FiO, ratio of < 20kPa).

Length of Stay
No MA available.

Quality of Life

No trial reported on quality of life.

Economic Data

No trial reported on economic data.

Treatment Harms

The administration of iNO was associated with an increased incidence of renal dysfunction in four trials
representing 80% of the patients recruited into the 9 studies analysed above (risk ratio 1.50, 1.11 to 2.02). The
quality of the evidence supporting the association was judged to be low based on the factors outlined above
and the variable criteria used to define renal dysfunction, although the consistency between trials was good.

GRADE Recommendation Statement

We do not suggest using iNO in patients with ARDS (GRADE Recommendation: weakly against).

GRADE Recommendation Justification

The recommendation that iNO is not used for adult patients with ARDS is based on low quality but consistent
evidence suggesting a lack of mortality benefit and an association with renal dysfunction. Whilst the studies
examining the role of iNO in ARDS are imperfect, further trials would be given a low priority. The possible use
of iNO in patients with severe right ventricular dysfunction or extreme hypoxaemia for short periods, whilst
more long term rescue strategies such as extra-corporeal membrane oxygenation (ECMO) are instituted, fall
outside the scope of this guideline
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MECHANICAL VENTILATION AT LOWER
TIDAL VOLUME

PICO Question

In mechanically ventilated adult patients with ARDS, do lower tidal volumes compared with higher,
conventional tidal volumes affect survival and other related outcomes?

Study ldentification

The search strategy was predefined as per the online appendix C. Seven, full text, SR were assessed for
eligibility. We excluded four reviews: three did not contain the full complement of published trials 8%%; and
one contained studies of patients without ARDS 8. The remaining three reviews % each contained the six
RCT that met the PICO inclusion criteria. We extracted the mortality data provided by Petrucci 2013 2 (the
most recent published review) to the GRADE profiler. In addition, we reviewed the published papers and
extracted additional outcomes that were relevant to the guidelines, but not reported in the three SR.

The Petrucci 2013 review included six multi-centre RCT published from 1998 to 2006 that included a total of
1297 patients. Within-trial sample sizes ranged from 52 to 861 patients. Trials were conducted in North and
South America and Europe. Four trials #°! compared lower tidal volumes (range <6 to 8 ml/kg) and restricted
airway pressures (plateau pressure <30 cmH,0) with higher tidal volumes (range 9 to 15 ml/kg) and airway
pressures (plateau pressure <50-60 cmH,0). The Amato 1998 °2 and Villar 2006 * trials compared lower tidal
volume with higher PEEP, where possible set just above the lower inflection point of a pressure-volume curve,
and higher tidal volume with lower PEEP: these studies investigating the composite intervention of lower tidal
volume and higher PEEP were analysed separately.

We provide Forest plots to show the separate MA for the comparisons of (a) lower versus higher tidal volumes
with similar PEEP; and (b) lower tidal volumes with higher PEEP versus higher tidal volume with lower PEEP. A
GRADE Summary of Findings table is shown below based on critical and important outcomes. A full GRADE
evidence table can be found as part of the online appendix B.

Lower Tidal Volume compared with Higher Tidal Volume (at similar PEEP) for Acute Respiratory Distress Syndrome
Patient or population: Adults with ARDS
Settings: Intensive Care

Intervention: Lower tidal volume

Comparison: Higher, conventional tidal volume
Illustrative comparative risks

(95% CI)
Control risk Intervention risk
Higher tidal Lower tidal
volume volume
4o
Mortality (60 467 per 1000 RR 1.23 116
Day) 379per1000 | (30345 717) (0.8t01.89) | (1 study) Low
-
Mortality 408 per 1000 338 per 1000 RR 0.83 1033 mjc;[:sRATE
(Hospital) P (290 to 400) (0.71t0 0.98) | (3 studies) .
serious
indirectness
Adverse Event: 35 per 1000 RR 1.17 1149 e
Barotrauma ORS00 (19 to 65) (0.63t02.18) | (4 studies) ZI:)ED;RATE
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serious
indirectness

Syndrome

Lower Tidal Volume and Higher PEEP compared to Higher Tidal Volume and Lower PEEP for Acute Respiratory Distress

Patient or population: Adults with ARDS
Settings: Intensive Care
Intervention: Lower Tidal Volume and higher PEEP (LV/PEEP)
Comparison: Higher Tidal Volume and lower PEEP (HV/PEEP)

lllustrative comparative risks*

(95% Cl)
Control risk Intervention risk
Low PEEP/ High PEEP/ Low
HIGH TV v
ARDS Net ARMA study control
. 339 per 1000 RR 0.57 148 - group had higher TVs
Mortality (ICU) | 594per1000 | ) 0% 4g7) (0.4t00.82) | (2 studies) Low (11.5/12) than controls in the
other 4 studies
Mortality (28 383 per 1000 RR 0.54 53 -
day) 708per1000 | 550 t0 645) (0.31t00.91) | (1 study) Low
Mortality 377 per 1000 RR 0.62 148 -
(Hospital) 609per1000 | >cg'to530) (0.44 10 0.87) | (2 studies) Low
Qi‘s’zzenfi‘:"t“ 458 oer 1000 | 587 Per 1000 RR 1.28 53 -
. e (344 to 999) (0.75t02.18) | (L study) Low
pneumonia
165 per 1000 RR 0.77 254 -
Adverse Events | 214per1000 |\ \nc'y . oes) (0.49t01.22) | (2 studies) Low

Analysis of Outcomes

Lower versus higher tidal volume with similar PEEP

Mortality (figure 1)

In this comparison, four studies reported mortality at varying time-points: one to 60-days % and three to
hospital discharge #°9!, Pooled data from the four trials showed no significant difference between lower and
higher tidal volume groups in risk of death including all time-points (RR 0.87 95% Cl 0.75, 1.01 P = 0.07) with
moderate, but non-significant heterogeneity (1> 48%, P = 0.13). Pooled data for hospital mortality showed a
statistically significant reduction in risk of death (RR 0.83 95% Cl 0.71, 0.98 P = 0.02) associated with lower
tidal volume ventilation, whereas a non-significant increase in risk was found at 60-days (RR 1.23, 95% Cl -.80,
1.89 P = 0.35) based on data from a single study with relatively few patients, in which body weight was not
corrected according to the ideal or predicted standard (http://www.ardsnet.org/files/pbwtables_2005-02-

02.pdf).
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LTV HTV Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 60 - day

Brochard 1998 27 58 22 58 9 5% 1.23 [0.80, 1.89] I
Subtotal (95% CI) 58 58 9.5% 1.23 [0.80, 1.89] e
Total events 27 22

Heterogeneity: Not applicable
Test for overall effect: 7 = 0.93 (P = 0.35)

2.1.2 Hospital

ARDS MNetwork 2000 133 432 170 429 73.3% 0.78 [0.65, 0.93] : 3
Brower 1899 13 26 12 26 5.2% 1.08 [0.62, 1.91] s
Stewart 1998 30 60 28 60 12.0% 1.07 [0.74, 1.55] B
Subtotal (95% CI) 518 515  90.5% 0.83 [0.71, 0.98] &

Total events 176 210

Heterogeneity: Chi* = 315, df =2 (P =0.21);, F=37%
Test for overall effect: 7 = 2.26 (P = 0.02)

Total (95% CI) 576 573 100.0% 0.87 [0.75, 1.01] &
Total events 203 23z

ity 2= = = 2= o . } } t
Heterogeneity: Chi* = 5.71, df .3 (F=0.13); IF=48% 02 05 1 3 5
Test for overall effect: 7 = 1.83 (P = 0.07) LTV HTV

Test for subgroup differences: Chi* = 2.74, df =1 (P = 0.10). I* = 63.6%

Figure 1: Sixty-day and hospital mortality comparing lower (LTV) and higher tidal volume (HTV) mechanical
ventilation in adult patients with ARDS

ICU Length of stay (figure 2)

The pooled effect from two studies 9+°* showed no significant difference in length of ICU stay (mean

difference 4.79 days, 95% Cl -2.06, 11.63 P = 0.17).

LTV HTV Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Brochard 1998 335 287 58 297 194 58 58.9% 3.80[-512,12.72)]
Stewart 1998 19.9 381 60 137 158 60  41.1% 6.20 [-4.47, 16.87)
Total (95% CI) 118 118 100.0% 4.79 [-2.06, 11.63]

P o - - = e , } t } i
Heterogeneity: Chi* = 0.11, df —.1 (P=0.74), F=0% 100 =0 5 =0 100
Test for overall effect: £ =1.37 (P = 0.17) LTV HTV

Figure 2: ICU Length of Stay comparing lower (LTV) and higher tidal volume (HTV) mechanical
ventilation in adult patients with ARDS

Hospital Length of Stay

There was no difference in hospital length of stay reported by one study °! (mean difference 6.30 days, 95%
Cl-7.53, 20.13 P=0.37).

Quality of Life

No trial reported on quality of life.

Economic Data

No trial reported on economic data.
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Lower tidal volume with higher PEEP versus higher, conventional tidal volume with
lower PEEP

Mortality: 28-day, ICU and Hospital

Two studies reported mortality. At 28-days, one study °? showed a significant reduction in risk of death in the
lower tidal volume and higher PEEP group (RR 0.54, 95% Cl 0.31, 0.91 P=0.02). Similarly, pooled data from two
studies showed a significant reduction in risk of ICU mortality (RR 0.57,95% Cl 0.40, 0.82 P=0.002) and hospital
mortality (RR 0.62, 95% Cl 0.44, 0.87 P=0.006)°2°3. In both cases the evidence was downgraded to low
because of imprecision (relatively few patients, 156 in total), and indirectness of evidence (methodological
flaws - body weight was not corrected in one study; and lack of generalisability based on the unusually high
mortality rate of the conventional ventilation group).

GRADE Recommendation Statement

We recommend the routine use of lower tidal volumes for the management of patients with ARDS (GRADE
Recommendation: strongly in favour).

GRADE Recommendation Justification

The recommendation to use lower tidal volume (less than or equal to 6 ml/kg predicted body weight)
ventilation with a plateau pressure less than or equal to 30 cmH,0 is strong despite moderate quality of
evidence for hospital mortality and barotrauma, but low quality of evidence for 60 day mortality. The evidence
was down-graded for serious indirectness for hospital mortality, and for inconsistency and imprecision for 60-
day mortality. For example, the beneficial effects of low tidal volume ventilation were only seen in one large
trial and the means of managing respiratory acidosis in the ARDS Network ARMA trial®®is not generally applied.
However, a lack of adverse effects associated with the intervention, strong mechanistic rationale for its use®
and supportive data from ARDS prevention studies®® have resulted in its universal acceptance as a gold
standard of care.
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NEUROMUSCULAR BLOCKING AGENTS

PICO Question

In adults with ARDS, does the use of neuromuscular blocking agents (NMBA), compared with standard care
affect survival and selected outcomes?

Study Identification

The search strategy was predefined as per the online appendix C. The only NMBA studied in an RCT considering
outcomes relevant to our PICO question was cisatracurium besylate. Four SR were identified %7 98 99100,
published between 2012 and 2015, of which only two included MA %7 %8, When analysing results, we used the
most recent SR with MA ?7 that considered the outcome in question. The two selected SR with MA included
the three RCT of NMBAs that were identified, both of which compared a continuous 48-hour infusion of
cisatracurium with standard care. These RCT were published between 2004 and 2010 and included a total of
431 participants from 20 French ICUs.

A GRADE Summary of Findings table is shown below based on critical and important outcomes. A full GRADE
evidence table can be found as part of the online appendix B.

Neuromuscular Blocking Agents (NMBAs) compared to placebo for Acute Respiratory Distress Syndrome
Patient or population: Adults with ARDS

Settings: Intensive Care

Intervention: NMBAs, cisatracurium infusion in all studies

Comparison: Placebo

lllustrative comparative risks
(95% Cl)

Control risk Ir.1tervention
risk
Placebo NMBAs
-
MODERATE
RR 0.70 Due to All trials studied a 48 hour
Mortality (ICU) 447 per 1000 (3;436’1?3190230 (0.55 to ?::tudies) serious risk infusion of cisatracurium
0.89) of bias and besyslate
serious
indirectness
-
MODERATE
) RR 0.66 Due to
(I;/;?/;tallty (28 389 per 1000 (ngsptzr?’l:(—go (0.50 to ?::tudies) serious risk See above
0.87) of bias and
serious
indirectness
+++-
MODERATE
Mortality 339per1000 | (RO-72 431 Dueto See above
(Hospital) 471 per 1000 (273 to 429) (0.58 to (3 studies) serious risk truncated at 90 days
0.91) of bias and
serious
indirectness
[ —
VERY LOW Lack of robust screening for
Due to very weakness in first two RCTs.
Adverse (.events: 322 per 1000 RR 1.08 431 seric?us risk Third RCT onIY assessed
ICU acquired 298 per 1000 (0.83 to . of bias, weakness until ICU
(247 to 420) (3 studies) K . .
weakness 1.41) serious discharge. Screening
inconsistency | methods differed greatly
and serious between RCT
indirectness
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Analysis of Outcomes

Mortality

Mortality (pooled 28 day, ICU and hospital mortality) was reported in all three RCT 10103 with point estimates
showing a reduction in mortality at each of these time points. However, in each of these RCT, the 95%
confidence interval for the risk ratio reached or crossed the no effect line. When mortality data from these
RCT were pooled in MA (with a total of 431 participants), the confidence interval was narrowed to show a
significant reduction in mortality at each of these time points. The risk ratios for 28 day, ICU and hospital
mortality were 0.66, 0.70 and 0.72 respectively, suggesting a significant reduction in the risk of mortality with
this intervention.

Although these results showed a good level of consistency and precision, there are important concerns over
the risk of bias and indirectness in the contributing RCT. All three studies, which were conducted by the same
team of investigators in France, have been criticised for the lack of effective blinding of caregivers to study
group allocation. In two of the studies %! 1%, no attempt was made to blind caregivers while, in the third %,
it is questionable whether blinding was effective. It has also been noted that there is considerable overlap of
authorship of the most recent SR and the contributing RCT. One of the contributing RCTs 1 included only
patients with severe ARDS (P/F ratio <20kPa) within the first 48 hours, leading to our assessment of ‘serious’
indirectness of the findings for ARDS as a whole.

Length of stay

This was not reported in the included SR.

Quality of life

This was not reported in the included SR.

Economic data

This was not reported in the included SR.

Treatment Harms

A key concern for the use of NMBA in ICU is the presumed risk of increased ICU-acquired weakness with their
use. Although the risk of ICU-acquired weakness was not found to be significantly increased on MA (RR 1.08;
95% Cl 0.83-1.41), these findings are severely limited by the lack of robust screening measures in two of the
contributing RCT 1% 19 and by the lack of follow-up beyond ICU discharge in the final RCT%2

GRADE Recommendation Statement

We do not suggest using NMBAs for all patients with ARDS (GRADE Recommendation: weakly against). We
suggest the use of cisatracurium besylate by continuous 48-hour infusion in patients suffering early
moderate/severe ARDS (< 20kPa: GRADE Recommendation: weakly in favour).

GRADE Recommendation Justification

The use of cisatracurium besylate in adults suffering early severe ARDS was given a weakly positive
recommendation based on moderate evidence quality. The group felt it was appropriate to recommend this
management protocol because it was the only one studied by RCT. Due to the nature of this intervention, it
should only be given to patients who are adequately sedated and receiving invasive ventilation. As such, it
would have been difficult to recruit patients with mild ARDS.
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Although itis reassuring that in all three RCT the point estimate of treatment effect indicated a survival benefit,
it was only by pooling these data in MA that these findings reached statistical significance. There are also
concerns over the ineffective blinding of caregivers to study group allocation in the clinical trials, and concerns
that the potential association of NMBA and ICU-acquired weakness was not studied in a robust manner.
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POSITIVE END-EXPIRATORY PRESSURE

PICO Question

In adult patients with ARDS, does mechanical ventilation with higher positive end-expiratory pressure (PEEP),
compared to standard (lower) PEEP improve survival, and selected outcomes?

Study Identification

The search strategy was predefined as per the online appendix C. Six high quality SR with MA were identified
(see PRISMA chart in online appendix A). These used data from a total of seven clinical trials °>°31941%pplished
between 1998 and 2009. The largest single study enrolled 983 patients!®. Data from three MA form the basis
of the recommendation?®1!!  with the most recent used where possible for outcomes of interest. Where this
MA did not provide information on relevant outcomes, alternative MA were used.

A GRADE summary of findings table is shown below based on critical and important outcomes. A full GRADE
evidence table can be found as part of the online appendix B.

Higher PEEP compared to lower PEEP for Acute Respiratory Distress Syndrome

Patient or population: Adults with ARDS
Settings: Intensive Care
Intervention: Higher PEEP
Comparison: Lower PEEP

lllustrative comparative risks

(95% Cl)
Control risk I?terventlon
risk
Lower PEEP Higher PEEP
-
Mortality 369 per 1000 332per 1000 RR 0.90 2299 ':LI‘Z?CE)RATE Different strategies used to
(Hospital) P (299 to 373) (0.81t0 1.01) | (3 studies) serious set PEEP between trials
inconsistency
-
Mortality (28 330 per1000 | 274 per1000 RR 0.83 1921 I(;(SZVtO ver :Efleﬁtﬁdlfmwgcﬁ:? high
day) g (221 to 334) (0.67t0 1.01) | (5 studies) ; v ) P &
serious vs low tidal volume
inconsistency
Subgroup
analysis
patients with -
moderate / Low
severe ARDS 561 per 1000 377 per 1000 RR 0.67 205 . due to very includes studies whose
(270 to 534) (0.48 t0 0.95) | (3 studies) K . L .
(p/F <27kPa) serious intervention compares high
(Subgroup inconsistency | vs low tidal volume
analysis)
Mortality (ICU)
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Subgroup
analysis
in patients with
moderate / -
severe ARDS MODERATE
(p/F <27kPa) 391 per1000 | >>2Per1000 RR 0.90 1892 dug to
L (317 to 319) (0.81to 1) (3 studies) K different strategies used to
(Individual serious .
. X X set PEEP between trials
patient data inconsistency
MA)
Mortality
(Hospital)
Subgroup
analysis
in patients with
moderate / *I\-/'I..;-DERATE
severe ARDS 366 per 1000 311 per 1000 RR 0.85 1892 due to different strategies used to
(P/f <200) (278 to 347) (0.76 t0 0.95) | (3 studies) . )
(Individual §er|ou§ set PEEP between trials
patient data inconsistency
MA)
Mortality (ICU
up to day 60)
I
VERY LOW
Adverse Event: | g0 1000 | 87 per 1000 RR 0.97 2504 S‘i‘:i‘z E‘; very ;’;g/f ccr’g;(f:nn;‘;g;erval'
Barotrauma (59 to 127) (0.66 to0 1.42) | (5 studies) X R
inconsistency | threshold
and serious
imprecision
ICU free days Mean +++- Better indicated by lower
difference MODERATE value
781 751 0.04 higher Due to wide confidence interval;
(1.03 lower imprecision 95% Cl beyond 25%
to 1.1 higher) threshold

Analysis of Outcomes

Mortality

A MA of hospital mortality alone was presented in the most recent SR assessing the impact of higher PEEP in
ARDS%, The quality of evidence supporting the RR of 0.90 (0.81 — 1.01) was deemed moderate, as there were
different strategies used between the trials to set PEEP. The mean PEEP levels in each arm of the three studies
are presented in table 2.

Mortality within 28-days of randomisation was presented in the same MA, and the quality of evidence
supporting the RR of 0.83 (0.67 — 1.01) was low, as the analysis included trials which incorporated low tidal
volume ventilation in the high PEEP arm, whilst the control group were ventilated with a low PEEP, high tidal
volume strategy.

Individual patient data MA of three RCT (table 2) evaluating high vs. low PEEP showed a reduction in ICU
mortality (up to day 60) in patients with moderate or severe ARDS (PaO, / FiO, < (p/F <27kPa): RR 0.85 [0.76
—0.95]). There is moderate quality of evidence supporting this assessment, again because different strategies
to set PEEP levels were used. This analysis is supported by a MA of three randomised trials that, with low
quality of evidence, reported a reduced ICU mortality in patients with moderate or severe ARDS (RR 0.67 [0.48
—0.95]) 1
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Additional individual patient data MA evaluating the effect of high PEEP upon hospital mortality in three
studies reported a RR 0.90 (0.81 — 1), with evidence supporting this finding regarded as moderate (see GRADE
evidence profile table)°,

Study High-PEEP arm Control-group
(cmH;0) (cmH;0)

ALVEOLI %04 14.7£3.5 89135

LOV 10 15.6+3.9 10.1+3.1

ExPRESS 106 146 £3.2 7.1+£1.8

Table 2. Positive end-expiratory pressure (PEEP) values at day 1 in clinical trials

Values are mean + standard deviation

Length of Stay

In a MA of two trials, a high PEEP strategy was not associated with a significant reduction in ICU-free days
(0.04 [95% Cl -1.03, 1.1]). This is supported by a moderate evidence base given the wide confidence interval
that extends beyond the 25% threshold.

Quality of Life

This was not reported in the included SRs.

Economic Data

This was not reported in the included SRs.

Treatment Harms

A higher PEEP ventilation strategy was not associated with increased rates of air leaks (RR 0.97 [0.66 — 1.42]),
with the evidence supporting this finding deemed very low because of the difference in tidal volume strategies
assessed between the intervention and control arms of some studies, and the imprecision of the results'®.

GRADE Recommendations

We suggest the use of high PEEP strategies for patients with moderate or severe ARDS (PF ratio < -27kPa:
GRADE Recommendation: weakly in favour).

GRADE Justification

We identified low-quality evidence to support the use of higher PEEP strategies in the ventilation of patients
with moderate or severe ARDS. Evidence was downgraded because of inconsistency caused by differences
between individual studies in the strategy to set the level of PEEP, whilst some trials compared lower tidal
volume ventilation as part of a ventilator strategy that incorporated higher PEEP levels. The
recommendation to consider the use of higher PEEP in patients with at least moderate ARDS is based on
subgroup and individual patient data MA, providing less robust evidence than a RCT investigating higher
PEEP in this patient group. The risk of barotrauma as a result of the use of higher PEEP for patients with at
least moderate or severe ARDS cannot be excluded because this risk has not been quantified in this
population. The quality of this evidence is also limited by inconsistency as the MA included trials of high PEEP
with different tidal volume strategies.
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PRONE POSITIONING

PICO Question

In adults with ARDS, does the use of prone positioning, compared with standard care affect survival and
selected outcomes?

Study Identification
The search strategy was predefined as per the online appendix C. 14 eligible SR investigating the effect of
prone positioning in ARDS*112124 (see PRISMA chart in online appendix A) were identified. 12 reviews included

a MA9112-114116 118124 ' The most recently published of these was used for data extraction!?.

A GRADE Summary of Findings table is shown below based on available evidence for critical and important
outcomes. A full GRADE evidence table can be found as part of the online appendix B.

Prone Positioning compared to standard care for Acute Respiratory Distress Syndrome
Patient or population: Adults with ARDS
Settings: Intensive Care

Intervention: Prone Positioning
Comparison: Standard Care

lllustrative comparative risks

(95% ClI)

Control risk Irlterventlon
risk
Standard Care Prof‘? .
Positioning
+ Failure to blind outcome,
VERY LOW failure of allocation
concealment, and
due to .
. . incomplete outcome data
Mortality 421 per 1000 RR 0.90 2141 serious risk
467 per 1000 : . of bias, very .
(pooled) (383 to 458) (0.82t00.98) | (8 studies) serious Includes sub-groups receiving
inconsistenc additional interventions
. ¥ known to demonstrate a
and serious . . .
o potential mortality benefit
indirectness
Sub group
analysis
e Failure to blind outcome
ilu u 2
Pr°ff o with | 447 per 1000 | 326 Per 1000 RR0.73 910 'g'u(ZDtERATE failure of allocation
positioning V_v' P (277 to 384) (0.62t0 0.86) | (5 studies) X . concealment, and
lung protective serious risk .
o ) incomplete outcome data
ventilation of bias
Mortality
Sub group
analysis
Prone e
positioning 483 per 1000 488 per 1000 RR1.01 1231 'glu:[;ERATE See above
without lung P (435 to 546) (0.9t01.13) (3 studies) . .
rotective serious risk
P . of bias
ventilation
Mortality
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Sub group

analysis
-
Prof‘t‘? . 479 per 1000 | 359 Per 1000 RR 0.75 1006 mzzzRATE See above
positioning Tor P (311 to 416) (0.65t00.87) | (5 studies) -
more than 12 serious risk
hours of bias
Mortality
Sub group
analysis
+++-
P:;l?onin for | 457 per1000 | 471Pper1000 RR 1.03 1135 '[\)Au?ethRATE See above
P € P (416 to 535) (0.91t01.17) | (3 studies) o
less than 12 serious risk
hours of bias
Mortality
Jr —
\DIE:YtC:'OW Failure to blind outcome,
Adverse Events 188 per 1000 207 per 1000 RR1.10 7377 serious risk failure of allocation
(pooled) P (190 to 226) (1.01to 1.2) (7 studies) . concealment, and
of bias and
R incomplete outcome data
very serious
inconsistency
Failure to blind outcome,
failure of allocation
concealment, and
+--n incomplete outcome data
VERY LOW
Adverse Events: 278 per 1000 281 per 1000 RR 1.01 1599 Isjel:'?ottj)s risk ::eoci(i)\:itr:nj;jiiisosnuakl)-groups
Cardiac events P (242 to 325) (0.87t0 1.17) | (3 studies) ; . g
of bias and interventions known to
very serious demonstrate a potential
inconsistency | mortality benefit e.g. lung-
protective ventilation
-
Adverse Events: II-JouZVto
Endotracheal 101 per 1000 134 per 1000 RR 1.33 1597 serious risk See above
tube (103 to 176) (1.02to 1.74) | (5 studies) .
/ of bias and
displacement serious
imprecision
-
Adverse Events: II-JouZVto
Ventilator 218 per 1000 RR 0.88 1007 . .
Associated 248per1000 | 126" 270) (0.71t0 1.09) | (4 studies) Z‘:rl')‘i’a“ssar:g See above
Pneumonia serious
imprecision
-
Low
Due to
Adverse Events: 462 per 1000 RR1.23 1095 X .
Pressure sores 375 per 1000 (402 to 529) (1.07 to 1.41) | (2 studies) Z?r;?aussar:j See above
serious
imprecision
-
Low
Due t
Adverse Events: | oo oo | 58 per 1000 RR 0.87 1160 se:zu‘; ik | see above
Pneumothorax P (40 to 87) (0.59 to 1.30) | (4 studies) of bias and
serious
imprecision
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Adverse Events:
Loss of venous
access

49 per 1000

97 per 1000
(54 to 174)

RR1.98
(1.11 to 3.55)

646
(2 studies)

Jr —
VERY LOW
Due to
serious risk
of bias, very
serious

See above

inconsistency
and serious
imprecision

Analysis of Outcomes

Mortality

Mortality (defined as overall mortality at the longest available follow-up) was significantly reduced with prone
positioning (RR 0.9; 95%CI 0.82-0.96, 8 studies, 2141 patients) with very low quality of evidence supporting
this relative risk. All trials demonstrated performance bias, because of the impossibility of blinding patients
and carers with respect to the intervention. All trials also demonstrated detection bias, where outcome
assessors were not blinded to intervention allocation. One RCT additionally demonstrated selection bias'?®
and three separate trials suffered from attrition bias'?®!?® according to the Cochrane risk of bias
recommendations!?. Inconsistency was very serious, with varied point estimates, overlapping confidence
intervals with high and significant levels of heterogeneity. There was also serious indirectness as the cohort of
trials included sub-groups receiving additional interventions known to demonstrate a mortality benefit.

Sub-group analysis demonstrated that prone positioning in combination with lung-protective ventilation (low
tidal volume ventilation, 6-8ml/kg body weight) demonstrated a significant reduction in mortality (RR 0.73;
95%Cl 0.62-0.86) compared with patients receiving prone positioning and no lung-protective ventilation (RR
1.01; 95%Cl 0.9-1.13), supported by moderate quality evidence. These findings may be influenced by inclusion
of one trial enrolling a sizeable patient cohort with more severe ARDS (P/F ratio <20kPa, FiO, >0.6)'* which
showed larger differences in mortality rates between patients managed prone and supine in the setting of
lung-protective ventilation.

Sub-group analysis based on the duration of prone positioning found that over 12 hours of prone positioning
was associated with significantly reduced mortality (>12hr, RR 0.75, 95%Cl 0.65-0.87; <12hr, RR 1.03, 95%Cl
0.91-1.17), again supported by moderate quality evidence.

Length of stay

ICU length of stay was only examined in two older MA'*12*, However, these data could not be extracted, as
pooled analyses included either confirmed or potential paediatric data. No other trial examined hospital length
of stay.

Quality of life

No trial reported on health-related quality of life.

Economic data

No trial reported on economic data.
Treatment Harms

Overall the pooled risk of any adverse event with prone positioning was significantly increased (RR 1.10; 95%Cl
1.01-1.12). Where a more detailed analysis of adverse events was conducted, endotracheal tube displacement
(RR 1.33; 95%Cl 1.02-1.74), the incidence of pressure sores (1.23; 95%Cl 1.07-1.41) and loss of venous access
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(RR 1.98; 95%CI 1.11-3.55) were significantly increased. However, this evidence was down-graded based on
the risk of bias and imprecision in the trials evaluated.

GRADE Recommendation Statement

We do not recommend the use of prone positioning for all patients with ARDS. We recommend the use of
prone positioning for at least 12 hours per day in patients with moderate/severe ARDS (P/F ratio < 20kPa:
GRADE recommendation: strongly in favour).

GRADE Recommendation Justification

Current evidence includes the possibility of substantial patient benefit in terms of reduced mortality when
combined with lung-protective ventilation and when delivered for at least 12 hours to patients with
moderate/severe ARDS. Evidence for these findings was of moderate quality. The Guideline Development
Group noted the relative improvements in study design over the time course of publication of all eight trials,
such that the most recently published focused enrolment on the most severe strata of patients with ARDS,
and involved a multimodal intervention comprising lung-protective ventilation with prolonged-duration prone
positioning producing highly favourable outcomes.3! This observation provides the rationale for the strong
classification of recommendation.

The possibility for substantial patient benefit must be considered in the context of a significant risk of
occurrence of adverse events including endotracheal tube displacement, pressure sores and loss of venous
access, albeit the evidence to support these findings was either low or very low. However, the Guideline
Development Group felt that these adverse events could be mitigated by ensuring that sufficient skilled
personnel were in place to deliver and monitor the intervention.
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CONCLUSION

Summary

The table below outlines the Guideline Development Group’s synthesis of data for the Management of ARDS

from relevant clinical trials.

Table 1: Summary of the FICM/ICS Guidelines for the management of ARDS in adult patients

Topic
Tidal Volume

Prone Positioning

High frequency oscillation
(HFOV)

GRADE
Recommendation

Strongly in favour

Strongly in favour

Strongly against

Conditions

Tidal volume < 6 ml/Kg ideal body
weight; Plateau pressure < 30cmH;0
Proning for > 12 hours per day
Patients with moderate/severe
ARDS (P:F ratio < 20kPa)

Conservative Fluid .
Weakly in favour
Management
Higher Peek End-Expiratory Weakly in favour Patients with moderate or severe ARDS (PF
Pressure (PEEP) y ratio < 27kPa)

Neuromuscular Blocking
Agents (NMBA)

Weakly in favour

Evidence for cisatracurium besylate
Continuous 48-hour infusion
Patients with moderate/severe ARDS (< 20kPa)

Extra-Corporeal Membrane
Oxygenation (ECMO)

Weakly in favour

With lung-protective mechanical ventilation
Patients with severe ARDS, lung injury score >3
or pH <7.20 due to uncompensated
hypercapnoea

Inhaled Vasodilators

Weakly against

Evidence for inhaled nitric oxide

Corticosteroids

Research recommendation

Extra-Corporeal Carbon
Dioxide Removal (ECCO2R)

Research recommendation

Discussion

The summary of the group’s recommendations emphasises the importance of avoiding ventilator associated
lung injury in patients with ARDS, as all of the interventions with positive recommendations apart from
maintaining a conservative fluid balance, arguably act through this process. Despite at best moderate quality
evidence by MA, we have strongly supported the use of low tidal volume and low airway pressure mechanical
ventilation. This ventilation strategy is supported by results of the ARDS Network ARMA study®, data from
studies whose primary outcome was the prevention of ARDS and a large volume of evidence from preclinical
and mechanistic studies. It is so universally accepted that it is mandated for all patients in clinical trials of
ARDS. When applied to patients with moderate/severe ARDS for at least 12 hours per day, prone positioning
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was also strongly recommended because the most recent studies focused enrolment on the most severe strata
of patients with ARDS, and involved a multimodal intervention comprising lung-protective ventilation with
prolonged-duration prone positioning producing highly favourable outcomes.'3! By contrast, despite a strong
theoretical rationale as a means of preventing ventilator associated lung injury, high frequency oscillatory
ventilation was ineffective or deleterious in two large studies leading to our recommendation strongly against
its use.

Whilst broadly similar recommendations for the management of ARDS have been produced, many questions
remain. Fundamentally the parameters characterising optimal protective mechanical ventilation are unknown,
as are the optimal means of achieving them. We have recommended targeting <6ml/kg IBW, but, based on
the absence of evidence of a safe tidal volume threshold on retrospective reanalysis of the ARMA study*? and
a dose-response effect seen in observational studies,**® it would be reasonable to recommend minimising tidal
volume as far as possible. Similarly, analysing individual patient data from RCT concluded that driving pressure
(plateau pressure minus PEEP) was a better predictor of outcome than tidal volume or plateau pressure alone.
134 Finally, there is no consensus regarding the means used to optimise PEEP (oxygenation or various lung
mechanical parameters) or to manage the respiratory acidosis that commonly accompanies protective
ventilation.

In certain details recent guidelines have diverged. We felt that the evidence supporting the role of recruitment
manoeuvres was so poor and the concept so ill-defined that we were unable to make a recommendation. By
contrast, the American Thoracic Society/European Society of Intensive Care Medicine/Society of Critical Care
Medicine group has given a conditional recommendation, albeit with low-to-moderate confidence.® Similarly,
our group did not consider airway pressure release ventilation owing to the paucity of high quality, relevant
evidence, despite the knowledge that this ventilatory mode is widely used. Hopefully there will be sufficient
evidence to justify including these interventions in the next version of the guidelines.

We have synthesised available evidence with the clinical practice of the Guideline Development Group into a
management algorithm (Figure 1). Hence for a patient presenting with for example severe ARDS, low tidal
volume (<6 ml/kg IBW) and low plateau pressure (<30 cmH,0) mechanical ventilation using higher PEEP is
recommended with the addition of neuromuscular blockade for the first 48 hours and prone positioning for
at least 12 hours per day. After initial resuscitation of the circulation, a neutral or, if tolerated, a negative fluid
balance target should be set. Consideration of escalation to extracorporeal lung support (ECMO or ECCOR) is
indicated by the failure to achieve adequate gas exchange using protective ventilatory settings as described
above. To what extent is this synthesis evidence-based? Whilst the individual components are to an extent
evidence-based, the combination of interventions has evolved rather than being formally tested. For example,
attempts have been made to test a so-called “open lung approach”, by combining higher PEEP levels with low
tidal volume ventilation both in early studies concentrating on low tidal volume ventilation, in subsequent
PEEP trials and more recently in studies combining the use of recruitment manoeuvres and high levels of PEEP.
The rationale for the open lung approach is that increasing airway pressure will increase the volume of
ventilatable lung thereby decreasing VILI and a large clinical trial was supported by encouraging pilot data.
This Alveolar Recruitment for Acute Respiratory Distress Syndrome Trial (ART) carried out in 1010 patients
with severe ARDS surprisingly showed significantly higher 6-month mortality (65.3%vs 59.9%) in the
intervention group®®®. These data demonstrate the enduring value of large well-conducted clinical trials of
complex interventions in this challenging patient group.

Unmet needs, Research and Future Directions

We have made research recommendations for two interventions for adult patients with ARDS: corticosteroids
and ECCOR. Two international studies are currently examining the effects of ECCOR combined with ultra-low
tidal volume ventilation (pRotective vEntilation With Veno-venou$S Lung assisT in Respiratory Failure (REST,
ClinicalTrials.gov NCT02654327) and SUPERNOVA: A Strategy of UltraProtective lung ventilation with
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Extracorporeal CO; Removal for New-Onset moderate to seVere ARDS whose pilot study has just been
reported.

There are no disease modifying, drug therapies for ARDS. Drug development in this area is notoriously difficult,
partly because ARDS is not a disease but a syndrome describing acute respiratory failure occurring de novo as
a result of a wide variety of conditions. One strategy designed to increase the likelihood of positive clinical
trials in ARDS is to select a less heterogeneous patient population — a step on the road to a personalised
approach made at the expense of having a smaller pool of patients from which to recruit. Such splitting can
be envisaged on the basis of readily identifiable predisposing causes (e.g. influenza pneumonia, transfusion-
related acute lung injury [TRALI] or systemic sepsis) or inherent patient characteristics, such as alcoholism or
the expression of particular single nucleotide polymorphisms known to be associated with a predisposition to
ARDS. The ultimate aim is to identify subgroups, so-called endotypes of ARDS that will predict a positive

response to a certain class of therapy®®.

Current management of ARDS is hampered by failure to diagnose the condition and to prevent iatrogenic
harms. We need to heighten awareness of the diagnosis, particularly outside ICU, so that the opportunity to
prevent progression of the syndrome is not missed. Research into prevention and treatment needs to be
translated more effectively into the clinic. Biomarkers that confirmed the diagnosis, highlighted patients with
a poor prognosis and predicted a positive response to a particular therapy would be invaluable in research
and clinical care. For example, a validated bedside biomarker of VALI would not only facilitate the fine tuning
of mechanical ventilation but could guide related decisions during the recovery phase of ARDS, for example
assessing the risk-benefit relationship between allowing spontaneous ventilatory modes with associated
larger tidal volumes.

In order to discover effective drug therapies, continued investment in human studies that aim to elucidate the
pathogenesis of ARDS is essential to identify clinically useful biomarkers and surrogate outcome
measures®”138, These investigations need to be performed with a view to designing a step-wise approach to
testing novel therapeutics in this particularly challenging patient group.!3

Finally, standardisation of outcome measures will help in the conduct and comparison of clinical trials and
such work is underway, for example the Core Outcomes for Ventilation Trials: the COVenT Delphi study
(COMET registration: http://www.comet-initiative.org/studies/details/292). As reflected in the outcome
prioritisation exercise carried out by the Guideline Development Group there is an increasing emphasis on the
health of survivors of critical illness, which mandates that clinical trials include long-term outcomes and
economic analysis that will inform the societal impact of intensive care medicine.
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MANAGEMENT OF ARDS IN PRACTICE

Management

The essence of management of ARDS consists of optimising the diagnosis and treatment of underlying
conditions, and the deployment of supportive measures that minimise iatrogenic injury and the consequences
of severe critical illness (i.e. secondary and tertiary prevention). We have combined these strategies with the
outcome of the analysis of evidence relating to the topics selected in Figure A.

| | |
=

ARDS specific management
Mild
200 mmHg < Pa02/FI02 < 300
MmHg with PEEP or CPAP 5 cmH20

Low tidal volume ventilation (<6 ml/Kg IBW3; Plateau pressure <30cmH.0)

Prone positioning (>12 hr/day)

Non ARDS-specific support

Rehabilitation: early mobilisation, NICE CG83
Nutrition: enteral where possible, trophic feeding acceptable initially, consider naso-jejunal tube after pro-kinetics
for absorption failure

Transfusion of blood products: avoid unless absolutely indicated

Sedation:
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Figure A continued

1 | ARDS Timing Acute: onset within a week of onset of a known insult, or new or
Definition worsening respiratory symptoms

Respiratory failure Pa02/FIO2 < 300 mmHg with PEEP (or CPAP 5 cmH20 for mild
ARDS)

Radiology Bilateral opacities, not fully accounted for by pleural effusions,

Chest radiograph or CT collapse or nodules

scan

Origin of oedema Not likely to be caused by left sided heart failure or fluid over-
load. Echocardiography indicated to assess cardiac function and
to detect right-to-left shunts

2 | Investigations | To diagnose under-lying conditions and complications, to monitor progress and aid
prognostication (see appendix B)

3 | Ideal Body Male =50 + 2.3 x ((height cm/2.54)-60)
Weight (IBW) | Female = 45.5 + 2.3 x ((height cm/2.54)-60)

4 | High PEEP Individual titration of PEEP recommended. Mean PEEP levels in ‘High PEEP’ groups in
randomised trials was approximately 15 cmH20 on day 1
5 | Referral to Potentially reversible respiratory failure
local ECMO Murray Lung Injury Score > 2.5
Centre UK
Points 0 1 2 3 4
P/F ratio (kPa) 240 30-39.9 23.3-29.9 13.3-23.2 <133
PEEP (cmH,0) s5 6-8 9-11 11-14 215
Compliance (ml/cmH,0) 280 60-79 40-59 20-39 s19
CXR quadrants infiltrated 0 1 2 3 4

Murray Score = Total Points / 4

PH<7.2

FiO2 not > 0.8 for 7 days

Plateau pressure not > 30 cmH0 for 7 days
No contraindication to anticoagulation

6 | Exceptional Under exceptional circumstances (for example contraindication to ECMO) short term
Measures improvements in gas exchange and right ventricular function can be achieved by using
recruitment manoeuvres, inhaled vasodilators (nitric oxide or nebulised prostacyclin) or high
frequency oscillatory ventilation depending on local expertise and availability

7 | NICE CG83 https://www.nice.org.uk/guidance/cg83/evidence/full-guideline-242292349
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Primary Prevention

A common theme of research into critical illness has been the increasing appreciation of the contribution of
iatrogenic factors, most notably: fluid over-load, ventilator associated lung injury (VALI) from mechanical
ventilation, transfusion of blood products and hospital acquired infection*. Whilst it is sobering to appreciate
the negative role that health care systems have played, it has at least indicated the potential to prevent ARDS
through simple quality improvement interventions'#+142, Similarly, whilst causes of ARDS that act directly on
the lung, including pneumonia and gastric aspiration, are associated with a rapid progression to ARDS, indirect
causes typified by severe sepsis commonly evolves into ARDS as part of a multi-organ dysfunction syndrome
over 2-4 days.

Scoring systems have been developed to predict progression to ARDS both in patients at risk and those with
early lung injury. The Lung Injury Prediction Score (LIPS: table 2) is the product of a series of epidemiological
studies'*>1%4, LIPS was designed to identify a population of patients at high risk of ARDS for prevention studies
to be carried out by the National Institutes of Health’s Prevention and Early Treatment of Acute Lung Injury
(PETAL) Network (http://petalnet.org/). LIPS-A was a large multi-centre study to address the question of
whether ARDS can be prevented with a drug, in this case aspirin, the latest in a succession of promising
therapeutics for ARDS, which was supported by a plethora of positive preclinical data. Disappointingly, the
study was negative and one contributing factor was that the score threshold for study inclusion produced only
half the predicted number of ARDS cases, the study’s primary outcome!®. This raises concerns about the
ability of LIPS to identify an enriched population of patients at risk for ARDS without the addition of factors
such as biomarkers that can predict deterioration from at risk, to mild, to severe ARDS, and to death. Similarly,
by characterising patients early in their clinical course before they develop ARDS, it has been possible to refine
the parameters to the need for supplemental oxygen, an elevated respiratory rate and bilateral infiltrates on
the chest radiograph to identify patients with early acute lung injury (EALI)**. Validation by means of a
multicentre study prospectively evaluating the positive predictive value of a score comprising these variables
would be required to generate a EALI score that could have a similar role to LIPS in future trials.

45


http://petalnet.org/

Table 2: The Lung Injury Prediction Score

Shock

Aspiration

Sepsis

Pneumonia

RIR(NN

High-risk surgery*

Orthopaedic spine

Acute abdomen

Cardiac

Aortic vascular

High-risk trauma

Traumatic brain injury

Smoke inhalation

Near drowning

Lung contusion

Multiple fractures

Risk modifiers

Alcohol abuse

Obesity (BMI>30)

Hypoalbuminemia

Chemotherapy

FIO2 > 0.35 (>4 L/min)

Tachypnoea (RR > 30)

Sp02 < 95%

Acidosis (pH < 7.35)

Diabetes mellitus**

(1) Patient with history of alcohol abuse with septic shock from
pneumonia requiring FIO2 > 0.35
Emergency room: sepsis + shock + pneumonia + alcohol abuse +
FIO2>0.35
1+2+15+1+2=75
(2) Motor vehicle accident with traumatic brain injury, lung
contusion, and shock requiring FIO2 > 0.35
Traumatic brain injury + lung contusion + shock + FIO2 > 0.35
2+15+2+2=75
(3) Patient with history of diabetes mellitus and urosepsis with
shock sepsis + shock + diabetes
1+2-1=2

BMI = body mass index; RR = respiratory rate; SPO, = oxygen saturation by pulse oximetry

*Add 1.5 points in case of emergency surgery
**0Only in cases of sepsis
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Secondary and tertiary prevention

Transfusion of blood products has been associated with the incidence of ARDS, nosocomial infection and
mortality in critical illness. Transfusion-related lung injury (TRALI) is defined as the onset of ARDS within 6
hours of the transfusion of any blood product in the absence of another risk factor!¥’. The most important
mechanism of injury appears to be the interaction of pre-formed antibodies in the product with the host
pulmonary vascular endothelium. Hence, products containing the most plasma confer the highest risk and the
exclusion of female donors of products with high plasma volume has resulted in a decrease of roughly two-
thirds in the incidence of TRALI. Transfusion of packed red cells using a threshold of 7 was non-inferior to a
threshold of 9g/dL and corresponding protocols restricting unnecessary transfusion should be introduced
locally and practices audited.

There is a lack of evidence-based practices that decrease hospital acquired infection. An effective local
antibiotic policy should aim to optimise antibiotic treatment according to local surveillance data and to ensure
rapid de-escalation based on culture results. Recent evidence suggests that enteral nutrition is preferable to
parenteral, and that under feeding is less dangerous than over provision. Finally, active rehabilitation, specialist
outpatient follow-up and psychological support have been recommended for all survivors of severe critical
iliness in order to mitigate the associated neuro-psychological effects and weakness!*,

47



REFERENCES

1. Fanelli V, Ranieri VM. Mechanisms and clinical consequences of acute lung injury. Ann Am Thorac
Soc 2015;12 Suppl 1:53-8.

2. Hager DN. Recent Advances in the Management of the Acute Respiratory Distress Syndrome. Clin

Chest Med 2015;36:481-96.

3. O'Gara B, Fan E, Talmor DS. Controversies in the Management of Severe ARDS: Optimal Ventilator
Management and Use of Rescue Therapies. Semin Respir Crit Care Med 2015;36:823-34.

4, Sweeney RM, McAuley DF. Acute respiratory distress syndrome. Lancet 2016;388:2416-30.

5. Fan E, Del Sorbo L, Goligher EC, et al. An Official American Thoracic Society/European Society of

Intensive Care Medicine/Society of Critical Care Medicine Clinical Practice Guideline: Mechanical Ventilation
in Adult Patients with Acute Respiratory Distress Syndrome. Am J Respir Crit Care Med 2017;195:1253-63.
6. Claesson J, Freundlich M, Gunnarsson |, et al. Scandinavian clinical practice guideline on mechanical
ventilation in adults with the acute respiratory distress syndrome. Acta Anaesthesiol Scand 2015;59:286-97.
7. Ashbaugh DG, Bigelow DB, Petty TL, Levine BE. Acute respiratory distress in adults. Lancet
1967;2:319-23.

8. Bernard GR, Artigas A, Brigham KL, et al. The American-European Consensus Conference on ARDS.
Definitions, mechanisms, relevant outcomes, and clinical trial coordination. Am J Respir Crit Care Med
1994;149:818-24.

9. Ferguson ND, Fan E, Camporota L, et al. The Berlin definition of ARDS: an expanded rationale,
justification, and supplementary material. Intensive Care Med 2012;38:1573-82.

10. Rubenfeld GD, Herridge MS. Epidemiology and outcomes of acute lung injury. Chest 2007;131:554-
62.

11. Rubenfeld GD, Caldwell E, Peabody E, et al. Incidence and outcomes of acute lung injury. N Engl J
Med 2005;353:1685-93.
12. Riviello ED, Kiviri W, Twagirumugabe T, et al. Hospital Incidence and Outcomes of the Acute

Respiratory Distress Syndrome Using the Kigali Modification of the Berlin Definition. Am J Respir Crit Care
Med 2016;193:52-9.

13. Bellani G, Laffey JG, Pham T, et al. Epidemiology, Patterns of Care, and Mortality for Patients With
Acute Respiratory Distress Syndrome in Intensive Care Units in 50 Countries. Jama 2016;315:788-800.

14. Ferguson ND, Frutos-Vivar F, Esteban A, et al. Clinical risk conditions for acute lung injury in the
intensive care unit and hospital ward: a prospective observational study. Crit Care 2007;11:R96.
15. Herridge MS, Cheung AM, Tansey CM, et al. One-year outcomes in survivors of the acute respiratory

distress syndrome. N Engl ] Med 2003;348:683-93.

16. Herridge MS, Tansey CM, Matte A, et al. Functional disability 5 years after acute respiratory distress
syndrome. N Engl J Med 2011;364:1293-304.

17. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating quality of evidence
and strength of recommendations. BMJ 2008;336:924-6.

18. Guyatt GH, Oxman AD, Schunemann HJ, Tugwell P, Knottnerus A. GRADE guidelines: a new series of
articles in the Journal of Clinical Epidemiology. J Clin Epidemiol 2011;64:380-2.

19. Peter JV, John P, Graham PL, Moran JL, George IA, Bersten A. Corticosteroids in the prevention and
treatment of acute respiratory distress syndrome (ARDS) in adults: meta-analysis. Bmj 2008;336:1006-9.
20. Ruan SY, Lin HH, Huang CT, Kuo PH, Wu HD, Yu CJ. Exploring the heterogeneity of effects of
corticosteroids on acute respiratory distress syndrome: a systematic review and meta-analysis (Provisional
abstract). Crit Care2014:R63.

21. Tang BM, Craig JC, Eslick GD, Seppelt |, McLean AS. Use of corticosteroids in acute lung injury and
acute respiratory distress syndrome: a systematic review and meta-analysis (Structured abstract). Critical
Care Medicine2009:1594-603.

22. Lamontagne F, Briel M, Guyatt GH, Cook DJ, Bhatnagar N, Meade M. Corticosteroid therapy for acute
lung injury, acute respiratory distress syndrome, and severe pneumonia: a meta-analysis of randomized
controlled trials (Structured abstract). Journal of Critical Care2010:420-35.

48



23. Agarwal R, Nath A, Aggarwal AN, Gupta D. Do glucocorticoids decrease mortality in acute respiratory
distress syndrome: a meta-analysis (Provisional abstract). Respirology2007:585-90.

24. Deal EN, Hollands JM, Schramm GE, Micek ST. Role of corticosteroids in the management of acute
respiratory distress syndrome (Structured abstract). Clinical Therapeutics2008:787-99.

25. Adhikari NK, Scales DC. Corticosteroids for acute respiratory distress syndrome. BMJ 2008;336:969-
70.

26. Khilnani GC, Hadda V. Corticosteroids and ARDS: A review of treatment and prevention evidence.
Lung India 2011;28:114-9.

27. Steinberg KP, Hudson LD, Goodman RB, et al. Efficacy and safety of corticosteroids for persistent
acute respiratory distress syndrome. N Engl J Med 2006;354:1671-84.

28. Cai SX, Liu SQ, Qiu XH, Huang YZ, Yang Y, Qiu HH. Use of extracorporeal membrane oxygenation in
adults with acute respiratory distress syndrome: A meta-analysis. [Chinese]. Chinese Critical Care Medicine
2012;24:78-82.

29. Munshi L, Telesnicki T, Walkey A, Fan E. Extracorporeal life support for acute respiratory failure. A
systematic review and metaanalysis. Ann Am Thorac Soc 2014;11:802-10.
30. Zampieri FG, Mendes PV, Ranzani OT, et al. Extracorporeal membrane oxygenation for severe

respiratory failure in adult patients: A systematic review and meta-analysis of current evidence. Journal of
Critical Care 2013;28:998-1005.

31. Peek GJ, Clemens F, Elbourne D, et al. CESAR: conventional ventilatory support vs extracorporeal
membrane oxygenation for severe adult respiratory failure. BMC Health Services Research2006:163.

32. Zapol WM, Snider MT, Hill ID, et al. Extracorporeal membrane oxygenation in severe acute
respiratory failure. A randomized prospective study. Jama 1979;242:2193-6.

33. Bein T, Weber-Carstens S, Goldmann A, et al. Lower tidal volume strategy (=3 ml/kg) combined with
extracorporeal CO<inf>2</inf> removal versus 'conventional' protective ventilation (6 ml/kg) in severe ARDS:
The prospective randomized Xtravent-study. Intensive Care Med 2013;39:847-56.

34. Morris AH, Wallace CJ, Menlove RL, et al. Randomized clinical trial of pressure-controlled inverse
ratio ventilation and extracorporeal CO2 removal for adult respiratory distress syndrome. Am J Respir Crit
Care Med1994:295-305.

35. Noah MA, Peek GJ, Finney SJ, et al. Referral to an Extracorporeal Membrane Oxygenation Center and
Mortality Among Patients With Severe 2009 Influenza A(HIN1). JAMA-J Am Med Assoc 2011;306:1659-68.
36. Pham T, Combes A, Roze H, et al. Extracorporeal Membrane Oxygenation for Pandemic Influenza

A(H1N1)-induced Acute Respiratory Distress Syndrome A Cohort Study and Propensity-matched Analysis. Am
J Respir Crit Care Med 2013;187:276-85.

37. Thiagarajan RR, Barbaro RP, Rycus PT, et al. Extracorporeal Life Support Organization Registry
International Report 2016. Asaio J 2017;63:60-7.

38. Morris AH, Wallace CJ, Menlove RL, et al. Randomized clinical trial of pressure-controlled inverse
ratio ventilation and extracorporeal CO2 removal for adult respiratory distress syndrome.[Erratum appears
in Am J Respir Crit Care Med 1994 Mar;149(3 Pt 1):838]. American Journal of Respiratory & Critical Care
Medicine 1994;149:295-305.

39. Bein T, Weber-Carstens S, Goldmann A, et al. Lower tidal volume strategy (approximate to 3 ml/kg)
combined with extracorporeal CO2 removal versus 'conventional' protective ventilation (6 ml/kg) in severe
ARDS. Intensive Care Med 2013;39:847-56.

40. Fitzgerald M, Millar J, Blackwood B, et al. Extracorporeal carbon dioxide removal for patients with
acute respiratory failure secondary to the acute respiratory distress syndrome: a systematic review. Crit Care
2014;18:222.

41. Forster C, Schriewer J, John S, Eckardt K-U, Willam C. Low-flow CO2 removal integrated into a renal-
replacement circuit can reduce acidosis and decrease vasopressor requirements. Crit Care 2013;17:R154.
42. Liebold A, Reng CM, Philipp A, Pfeifer M, Birnbaum DE. Pumpless extracorporeal lung assist -
experience with the first 20 cases. Eur J Cardio-Thorac Surg 2000;17:608-13.

43, Muellenbach RM, Kredel M, Wunder C, et al. Arteriovenous extracorporeal lung assist as integral
part of a multimodal treatment concept: a retrospective analysis of 22 patients with ARDS refractory to
standard care. Eur J Anaesth 2008;25:897-904.

49



44, Terragni PP, Del Sorbo L, Mascia L, et al. Tidal volume lower than 6 ml/kg enhances lung protection:
role of extracorporeal carbon dioxide removal. Anesthesiology 2009;111:826-35.

45, Weber-Carstens S, Bercker S, Hommel M, et al. Hypercapnia in late-phase ALI/ARDS: Providing
spontaneous breathing using pumpless extracorporeal lung assist. Intensive Care Med 2009;35:1100-5.

46. Silversides JA, Major E, Ferguson AJ, et al. Conservative fluid management or deresuscitation for
patients with sepsis or acute respiratory distress syndrome following the resuscitation phase of critical
illness: a systematic review and meta-analysis. Intensive Care Med 2017;43:155-70.

47. Yang CS, Liu Y, Lu XM, et al. [Effect of conservative fluid management strategy on the outcomes in
patients with acute lung injury: a meta-analysis]. Zhonghua Yi Xue Za Zhi 2011;91:1471-4.
48. Chinese Society of Critical Care M, Chinese Medical A. [Guidelines for management of acute lung

injury/acute respiratory distress syndrome: an evidence-based update by the Chinese Society of Critical Care
Medicine (2006)]. Zhongguo Wei Zhong Bing Ji Jiu Yi Xue 2006;18:706-10.

49, Uhlig C, Silva PL, Deckert S, Schmitt J, de Abreu MG. Albumin versus crystalloid solutions in patients
with the acute respiratory distress syndrome: a systematic review and meta-analysis. Crit Care 2014;18:R10.
50. Martin GS, Moss M, Wheeler AP, Mealer M, Morris JA, Bernard GR. A randomized, controlled trial of
furosemide with or without albumin in hypoproteinemic patients with acute lung injury. Crit Care Med
2005;33:1681-7.

51. Martin GS, Mangialardi RJ, Wheeler AP, Dupont WD, Morris JA, Bernard GR. Albumin and furosemide
therapy in hypoproteinemic patients with acute lung injury. Crit Care Med 2002;30:2175-82.

52. National Heart L, Blood Institute Acute Respiratory Distress Syndrome Clinical Trials N, Wiedemann
HP, et al. Comparison of two fluid-management strategies in acute lung injury. N Engl J Med 2006;354:2564-
75.

53. Hu W, Lin CW, Liu BW, Hu WH, Zhu Y. Extravascular lung water and pulmonary arterial wedge
pressure for fluid management in patients with acute respiratory distress syndrome. Multidiscip Respir Med
2014;9:3.

54, Wang LL, X. LV, M. Effect of different liquid strategies on the prognosis of acute respiratory distress
syndrome. Journal of the Dalian Nedical University 2014;36:140-3.

55. Liu KD, Thompson BT, Ancukiewicz M, et al. Acute kidney injury in patients with acute lung injury:
impact of fluid accumulation on classification of acute kidney injury and associated outcomes. Crit Care Med
2011;39:2665-71.

56. Mikkelsen ME, Christie JD, Lanken PN, et al. The adult respiratory distress syndrome cognitive
outcomes study: long-term neuropsychological function in survivors of acute lung injury. Am J Respir Crit
Care Med 2012;185:1307-15.

57. Bollen CW, van Well GTJ, Sherry T, et al. High frequency oscillatory ventilation compared with
conventional mechanical ventilation in adult respiratory distress syndrome: a randomized controlled trial
ISRCTN24242669. Crit Care 2005;9:R430-R9.

58. Demory D, Michelet P, Arnal JM, et al. High-frequency oscillatory ventilation following prone
positioning prevents a further impairment in oxygenation. Critical Care Medicine2007:106-11.

59. Derdak S, Mehta S, Stewart TE, et al. High-frequency oscillatory ventilation for acute respiratory
distress syndrome in adults: A randomized, controlled trial. Am J Respir Crit Care Med 2002;166:801-8.

60. Ferguson ND, Cook DJ, Guyatt GH, et al. High-frequency oscillation in early acute respiratory distress
syndrome. New England Journal of Medicine 2013;368:795-805.

61. Shah SB, Jackson SK, Findlay GP, Smithies MN. Prospective study comparing high frequency
oscillatory ventilation (HFOV) versus conventional (CMV) in patients with acute respiratory distress
syndrome (ARDS) [Abstract]. American Thoracic Society 2005 International Conference; May 20-25; San
Diego, California2005:[D15].

62. Young NH, Andrews PJD. High-Frequency Oscillation as a Rescue Strategy for Brain-Injured Adult
Patients with Acute Lung Injury and Acute Respiratory Distress Syndrome. Neurocrit Care 2011;15:623-33.

63. Mentzelopoulos SD, Malachias S, Zintzaras E, et al. Intermittent recruitment with high-frequency
oscillation/tracheal gas insufflation in acute respiratory distress syndrome. Eur Resp J 2012;39:635-47.
64. Mentzelopoulos SD, Roussos C, Koutsoukou A, et al. Acute effects of combined high-frequency

oscillation and tracheal gas insufflation in severe acute respiratory distress syndrome. Critical Care
Medicine2007:1500-8.

50



65. Gu XL, Wu GN, Yao YW, Shi DH, Song Y. Is high-frequency oscillatory ventilation more effective and
safer than conventional protective ventilation in adult acute respiratory distress syndrome patients? A meta-
analysis of randomized controlled trials (Provisional abstract). Database of Abstracts of Reviews of
Effects2014:R111.

66. Huang CT, Lin HH, Ruan SY, Lee MS, Tsai YJ, Yu CJ. Efficacy and adverse events of high frequency
oscillatory ventilation in adult patients with acute respiratory distress syndrome: a meta-analysis (Provisional
abstract). Database of Abstracts of Reviews of Effects2014:R102.

67. Maitra S, Bhattacharjee S, Khanna P, Baidya DK. High-frequency ventilation does not provide
mortality benefit in comparison with conventional lung-protective ventilation in acute respiratory distress
syndrome: a meta-analysis of the randomized controlled trials (Provisional abstract). Database of Abstracts
of Reviews of Effects2014:epub.

68. Afshari A, Brok J, Moller AM, Wetterslev J. Aerosolized prostacyclin for acute lung injury (ALI) and
acute respiratory distress syndrome (ARDS). Cochrane Database Syst Rev 2010:CD007733.

69. Adhikari NK, Burns KE, Friedrich JO, Granton JT, Cook DJ, Meade MO. Effect of nitric oxide on
oxygenation and mortality in acute lung injury: systematic review and meta-analysis (Structured abstract).
BMJ2007:779.

70. Adhikari NK, Dellinger RP, Lundin S, et al. Inhaled nitric oxide does not reduce mortality in patients
with acute respiratory distress syndrome regardless of severity: systematic review and meta-analysis. Critical
Care Medicine 2014;42:404-12.

71. Ruan SY, Huang TM, Wu HY, Wu HD, Yu CJ, Lai MS. Inhaled nitric oxide therapy and risk of renal
dysfunction: A systematic review and meta-analysis of randomized trials. Crit Care 2015;19.

72. Dellinger RP, Zimmerman JL, Taylor RW, et al. Effects of inhaled nitric oxide in patients with acute
respiratory distress syndrome: results of a randomized phase Il trial. Inhaled Nitric Oxide in ARDS Study
Group. Critical Care Medicine 1998;26:15-23.

73. Gerlach H, Keh D, Semmerow A, et al. Dose-response characteristics during long-term inhalation of
nitric oxide in patients with severe acute respiratory distress syndrome: a prospective, randomized,
controlled study. American Journal of Respiratory & Critical Care Medicine 2003;167:1008-15.

74. Lundin S, Mang H, Smithies M, Stenqvist O, Frostell C. Inhalation of nitric oxide in acute lung injury:
results of a European multicentre study. The European Study Group of Inhaled Nitric Oxide. Intensive Care
Med 1999;25:911-9.

75. Mehta S, MacDonald R, Hallett DC, Lapinsky SE, Aubin M, Stewart TE. Acute oxygenation response to
inhaled nitric oxide when combined with high-frequency oscillatory ventilation in adults with acute
respiratory distress syndrome. Critical Care Medicine 2003;31:383-9.

76. Michael JR, Barton RG, Saffle JR, et al. Inhaled nitric oxide versus conventional therapy: effect on
oxygenation in ARDS. American Journal of Respiratory & Critical Care Medicine 1998;157:1372-80.

77. Park KJ, Lee YJ, Oh YJ, Lee KS, Sheen SS, Hwang SC. Combined effects of inhaled nitric oxide and a
recruitment maneuver in patients with acute respiratory distress syndrome. Yonsei Medical Journal
2003;44:219-26.

78. Payen DM. Inhaled nitric oxide and acute lung injury. Clinics in Chest Medicine 2000;21:519-29.

79. Taylor RW, Zimmerman JL, Dellinger RP, et al. Low-Dose Inhaled Nitric Oxide in Patients with Acute
Lung Injury: A Randomized Controlled Trial. Journal of the American Medical Association 2004;291:1603-9.

80. Troncy E, Collet JP, Shapiro S, et al. Inhaled nitric oxide in acute respiratory distress syndrome: a pilot
randomized controlled study. American Journal of Respiratory & Critical Care Medicine 1998;157:1483-8.
81. Eichacker PQ, Gerstenberger EP, Banks SM, Cui X, Natanson C. Meta-analysis of acute lung injury and

acute respiratory distress syndrome trials testing low tidal volumes. American Journal of Respiratory &
Critical Care Medicine 2002;166:1510-4.

82. Petrucci N, lacovelli W. Ventilation with smaller tidal volumes: a quantitative systematic review of
randomized controlled trials. Anesth Analg 2004;99:193-200.

83. Qin ZQ, Wang C. A meta-analysis of clinical studies of low volume ventilation in acute respiratory
distress syndrome. [Chinese]. Zhonghua yi xue za zhi 2003;83:224-7.

84. Fuller BM, Mohr NM, Drewry AM, Carpenter CR. Lower tidal volume at initiation of mechanical
ventilation may reduce progression to acute respiratory distress syndrome: a systematic review. Crit Care
2013;17.

51



85. Burns KEA, Adhikari NKJ, Slutsky AS, et al. Pressure and volume limited ventilation for the ventilatory
management of patients with acute lung injury: A systematic review and meta-analysis. PLoS ONE 2011;6.

86. Petrucci N, De Feo C. Lung protective ventilation strategy for the acute respiratory distress
syndrome. Cochrane Database Syst Rev 2013;2:CD003844.
87. Putensen C, Theuerkauf N, Zinserling J, Wrigge H, Pelosi P. Meta-analysis: ventilation strategies and

outcomes of the acute respiratory distress syndrome and acute lung injury.[Erratum appears in Ann Intern
Med. 2009 Dec 15;151(12):897]. Ann Intern Med 2009;151:566-76.

88. Brower RG, Matthay MA, Morris A, Schoenfeld D, Thompson BT, Wheeler A. Ventilation with lower
tidal volumes as compared with traditional tidal volumes for acute lung injury and the acute respiratory
distress syndrome. New England Journal of Medicine 2000;342:1301-8.

89. Brochard L, Roudot-Thoraval F, Roupie E, et al. Tidal volume reduction for prevention of ventilator-
induced lung injury in acute respiratory distress syndrome. Am J Respir Crit Care Med 1998;158:1831-8.
90. Brower RG, Shanholtz CB, Fessler HE, et al. Prospective, randomized, controlled clinical trial

comparing traditional versus reduced tidal volume ventilation in acute respiratory distress syndrome
patients. Critical Care Medicine 1999;27:1492-8.

91. Stewart TE, Meade MO, Cook DJ, et al. Evaluation of a ventilation strategy to prevent barotrauma in
patients at high risk for acute respiratory distress syndrome. Pressure- and Volume-Limited Ventilation
Strategy Group. New England Journal of Medicine 1998;338:355-61.

92. Amato MB, Barbas CS, Medeiros DM, et al. Effect of a protective-ventilation strategy on mortality in
the acute respiratory distress syndrome. New England Journal of Medicine 1998;338:347-54.

93. Villar J, Kacmarek RM, Perez-Mendez L, Aguirre-Jaime A. A high positive end-expiratory pressure, low
tidal volume ventilatory strategy improves outcome in persistent acute respiratory distress syndrome: a
randomized, controlled trial. Critical Care Medicine 2006;34:1311-8.

94, Brochard L, Roudot-Thoraval F, Roupie E, et al. Tidal volume reduction for prevention of ventilator-
induced lung injury in acute respiratory distress syndrome. The Multicenter Trail Group on Tidal Volume
reduction in ARDS. American Journal of Respiratory & Critical Care Medicine 1998;158:1831-8.

95. Slutsky AS, Ranieri VM. Ventilator-induced lung injury. New England Journal of Medicine
2013;369:2126-36.

96. Yang D, Grant MC, Stone A, Wu CL, Wick EC. A Meta-analysis of Intraoperative Ventilation Strategies
to Prevent Pulmonary Complications: Is Low Tidal Volume Alone Sufficient to Protect Healthy Lungs? Ann
Surg 2016;263:881-7.

97. Alhazzani W, Alshahrani M, Jaeschke R, et al. Neuromuscular blocking agents in acute respiratory
distress syndrome: a systematic review and meta-analysis of randomized controlled trials. Crit Care
2013;17:R43.

98. Neto AS, Pereira VG, Esposito DC, Damasceno MC, Schultz MJ. Neuromuscular blocking agents in
patients with acute respiratory distress syndrome: a summary of the current evidence from three
randomized controlled trials. Ann Intensive Care 2012;2:33.

99. Tonelli AR, Zein J, Adams J, loannidis JPA. Effects of interventions on survival in acute respiratory
distress syndrome: an umbrella review of 159 published randomized trials and 29 meta-analyses. Intensive
Care Med 2014;40:769-87.

100. Duggal A, Ganapathy A, Ratnapalan M, Adhikari NK. Pharmacological treatments for acute
respiratory distress syndrome: systematic review. Minerva Anestesiol 2015;81:567-88.

101.  Gainnier M, Roch A, Forel JM, et al. Effect of neuromuscular blocking agents on gas exchange in
patients presenting with acute respiratory distress syndrome. Crit Care Med 2004;32:113-9.

102. Papazian L, Forel JM, Gacouin A, et al. Neuromuscular blockers in early acute respiratory distress
syndrome. N Engl J Med 2010;363:1107-16.

103.  Forel JM, Roch A, Marin V, et al. Neuromuscular blocking agents decrease inflammatory response in
patients presenting with acute respiratory distress syndrome. Crit Care Med 2006;34:2749-57.

104. Brower RG, Lanken PN, Maclintyre N, et al. Higher versus lower positive end-expiratory pressures in
patients with the acute respiratory distress syndrome. N Engl J Med 2004;351:327-36.

105. Meade MO, Cook DJ, Guyatt GH, et al. Ventilation strategy using low tidal volumes, recruitment
maneuvers, and high positive end-expiratory pressure for acute lung injury and acute respiratory distress
syndrome: a randomized controlled trial. Jama 2008;299:637-45.

52



106. Mercat A, Richard JC, Vielle B, et al. Positive end-expiratory pressure setting in adults with acute lung
injury and acute respiratory distress syndrome: a randomized controlled trial. Jama 2008;299:646-55.

107. Talmor D, Sarge T, Malhotra A, et al. Mechanical ventilation guided by esophageal pressure in acute
lung injury. N Engl J Med 2008;359:2095-104.

108.  HuhJW, Jung H, Choi HS, Hong SB, Lim CM, Koh Y. Efficacy of positive end-expiratory pressure
titration after the alveolar recruitment manoeuvre in patients with acute respiratory distress syndrome. Crit
Care 2009;13:R22.

109. Santa Cruz R, Rojas JI, Nervi R, Heredia R, Ciapponi A. High versus low positive end-expiratory
pressure (PEEP) levels for mechanically ventilated adult patients with acute lung injury and acute respiratory
distress syndrome. Cochrane Database Syst Rev 2013:CD009098.

110.  Briel M, Meade M, Mercat A, et al. Higher vs lower positive end-expiratory pressure in patients with
acute lung injury and acute respiratory distress syndrome: systematic review and meta-analysis. Jama
2010;303:865-73.

111. ObaY, Thameem DM, Zaza T. High levels of PEEP may improve survival in acute respiratory distress
syndrome: A meta-analysis. Respir Med 2009;103:1174-81.

112.  Abroug F, Ouanes-Besbes L, Dachraoui F, Quanes |, Brochard L. An updated study-level meta-analysis
of randomised controlled trials on proning in ARDS and acute lung injury. Crit Care 2011;15:R6.

113.  AbrougF, Ouanes-Besbes L, Elatrous S, Brochard L. The effect of prone positioning in acute
respiratory distress syndrome or acute lung injury: a meta-analysis. Areas of uncertainty and
recommendations for research. Intensive Care Med 2008;34:1002-11.

114.  Alsaghir AH, Martin CM. Effect of prone positioning in patients with acute respiratory distress
syndrome: a meta-analysis. Critical Care Medicine 2008;36:603-9.

115.  Ball C. Use of the prone position in the management of acute respiratory distress syndrome.
Intensive Crit Care Nurs 1999;15:192-203.

116.  Beitler JR, Shaefi S, Montesi SB, et al. Prone positioning reduces mortality from acute respiratory
distress syndrome in the low tidal volume era: a meta-analysis. Intensive Care Med 2014;40:332-41.

117.  Curley MA. Prone positioning of patients with acute respiratory distress syndrome: a systematic
review. Am J Crit Care 1999;8:397-405.

118.  HuSL, He HL, Pan C, et al. The effect of prone positioning on mortality in patients with acute
respiratory distress syndrome: a meta-analysis of randomized controlled trials. Crit Care 2014;18:R109.

119. Kopterides P, Siempos, I, Armaganidis A. Prone positioning in hypoxemic respiratory failure: meta-
analysis of randomized controlled trials (Structured abstract). Journal of Critical Care2009:89-100.

120. LeeJM, Bae W, Lee YJ, Cho Y-J. The efficacy and safety of prone positional ventilation in acute
respiratory distress syndrome: updated study-level meta-analysis of 11 randomized controlled trials. Critical
Care Medicine 2014;42:1252-62.

121.  Park SY, Kim HJ, Yoo KH, et al. The efficacy and safety of prone positioning in adults patients with
acute respiratory distress syndrome: A meta-analysis of randomized controlled trials. Journal of Thoracic
Disease 2015;7:356-67.

122.  SudS, Friedrich JO, Adhikari NK, et al. Effect of prone positioning during mechanical ventilation on
mortality among patients with acute respiratory distress syndrome: a systematic review and meta-analysis
(Provisional abstract). CMAJ: Canadian Medical Association Journal2014:E381-e90.

123.  SudS, Friedrich JO, Taccone P, et al. Prone ventilation reduces mortality in patients with acute
respiratory failure and severe hypoxemia: systematic review and meta-analysis (Structured abstract).
Intensive Care Med2010:585-99.

124. Tiruvoipati R, Bangash M, Manktelow B, Peek GJ. Efficacy of prone ventilation in adult patients with
acute respiratory failure: a meta-analysis. Journal of Critical Care 2008;23:101-10.

125.  Chan MC, Hsu JY, Liu HH, et al. Effects of prone position on inflammatory markers in patients with
ARDS due to community-acquired pneumonia. Journal of the Formosan Medical Association 2007;106:708-
16.

126.  Guerin C, Gaillard S, Lemasson S, et al. Effects of systematic prone positioning in hypoxemic acute
respiratory failure: A randomized controlled trial. Journal of the American Medical Association
2004;292:2379-87.

53



127. Mancebo J, Fernandez R, Blanch L, et al. A multicenter trial of prolonged prone ventilation in severe
acute respiratory distress syndrome. American Journal of Respiratory & Critical Care Medicine
2006;173:1233-9.

128. Taccone P, Pesenti A, Latini R, et al. Prone positioning in patients with moderate and severe acute
respiratory distress syndrome: A randomized controlled trial. JAMA - Journal of the American Medical
Association 2009;302:1977-84.

129.  Higgins JPTG, S. Cochrane Handbook for Systematic Reviews of Interventions. . The Cochrane
Collaboration; 2011.

130.  Guerin C, Reignier J, Richard JC, et al. Prone positioning in severe acute respiratory distress
syndrome. New England Journal of Medicine 2013;368:2159-68.

131.  Guérin C, Reignier J, Richard JC, et al. Prone positioning in severe acute respiratory distress
syndrome. The New England journal of medicine2013:2159-68.

132. Hager DN, Krishnan JA, Hayden DL, Brower RG, Network ACT. Tidal volume reduction in patients with
acute lung injury when plateau pressures are not high. Am J Respir Crit Care Med 2005;172:1241-5.

133. Needham DM, Colantuoni E, Mendez-Tellez PA, et al. Lung protective mechanical ventilation and
two year survival in patients with acute lung injury: prospective cohort study. BMJ 2012;344:e2124.

134. Amato MB, Meade MO, Slutsky AS, et al. Driving pressure and survival in the acute respiratory
distress syndrome. N Engl J Med 2015;372:747-55.

135.  Writing Group for the Alveolar Recruitment for Acute Respiratory Distress Syndrome Trial |,
Cavalcanti AB, Suzumura EA, et al. Effect of Lung Recruitment and Titrated Positive End-Expiratory Pressure
(PEEP) vs Low PEEP on Mortality in Patients With Acute Respiratory Distress Syndrome: A Randomized
Clinical Trial. Jama 2017;318:1335-45.

136.  Prescott HC, Calfee CS, Thompson BT, Angus DC, Liu VX. Toward Smarter Lumping and Smarter
Splitting: Rethinking Strategies for Sepsis and Acute Respiratory Distress Syndrome Clinical Trial Design. Am J
Respir Crit Care Med 2016;194:147-55.

137.  Proudfoot AG, Hind M, Griffiths MJ. Biomarkers of acute lung injury: worth their salt? BMC Med
2011;9:132.

138.  Proudfoot AG, McAuley DF, Griffiths MJ, Hind M. Human models of acute lung injury. Dis Model
Mech 2011;4:145-53.

139.  McAuley DF, O'Kane C, Griffiths MJ. A stepwise approach to justify phase Ill randomized clinical trials
and enhance the likelihood of a positive result. Crit Care Med 2010;38:5523-7.

140.  Salman D, Finney SJ, Griffiths MJ. Strategies to reduce ventilator-associated lung injury (VALI). Burns
2013;39:200-11.

141. Herasevich V, Tsapenko M, Kojicic M, et al. Limiting ventilator-induced lung injury through individual
electronic medical record surveillance. Crit Care Med 2011;39:34-9.

142.  Pickering BW, Litell JM, Herasevich V, Gajic O. Clinical review: the hospital of the future - building
intelligent environments to facilitate safe and effective acute care delivery. Crit Care 2012;16:220.

143.  Gajic O, Dabbagh O, Park PK, et al. Early identification of patients at risk of acute lung injury:
evaluation of lung injury prediction score in a multicenter cohort study. Am J Respir Crit Care Med
2011;183:462-70.

144.  Trillo-Alvarez C, Cartin-Ceba R, Kor DJ, et al. Acute lung injury prediction score: derivation and
validation in a population-based sample. Eur Respir J 2011;37:604-9.

145.  Kor DJ, Carter RE, Park PK, et al. Effect of Aspirin on Development of ARDS in At-Risk Patients
Presenting to the Emergency Department: The LIPS-A Randomized Clinical Trial. Jama 2016;315:2406-14.
146.  Rackley CR, Levitt JE, Zhuo H, Matthay MA, Calfee CS. Clinical evidence of early acute lung injury
often precedes the diagnosis of ALI. J Intensive Care Med 2013;28:241-6.

147.  Vlaar AP, Juffermans NP. Transfusion-related acute lung injury: a clinical review. Lancet
2013;382:984-94.

148. Rehabilitation after critical illness. London: NICE; 2009.

54



