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ARDS

 First described in 1967 by Ashbaugh and 

colleagues

 1994 Consensus Definition

 Acute onset severe respiratory distress

 Bilateral infiltrates on chest x-ray

 PCWP <=18mmHg or lack of evidence of left atrial 

hypertension

 Acute lung injury (PaO2/FiO2<=300)

 ARDS if PaO2/FiO2<=200



Berlin Definition



ARDSNET

 861 patients randomized into conventional 

VT:12cc/kg vs study VT: 6cc/kg

 Enrollment stopped because of mid-study 

analysis showing improved survival in lower VT 

group (Mortality 40% versus 31%)

ARDSNET, NEJM 342:1301-1308,2000





Comparison of Two Fluid-

Management  Strategies in 

Acute Lung Injury

 Large randomized prospective trial addressed 

the use of conservative (higher, more frequent 

lasix doses) verse liberal fluid management (more 

frequent fluid boluses)

ARDS Clinical Trial Network, 2006, Comparison of two fluid-management strategies in 

acute lung injury.  NEJM. 254(24) 2564-2575



 Outcomes: NO significant difference in 60-day mortality between the 

two groups, however the conservative fluid group had improved lung 
function, shorter durations of mechanical ventilation, and shorter ICU 

stays, SUPPORTING THE USE OF DIURETICS



Recap

 Lower tidal volumes (4-8 ml/kg IBW)

 Maintain plateau pressure <= 30 cm H2O

 Maintain modest PEEP levels (ARDSNET high vs

low)

 Conservative fluid management (diuresis)

 As long as patient is not showing signs of 

malperfusion (Oliguria, hypotension, shock)



Rescue Therapy

 Used in severe refractory hypoxia with high 

ventilator requirements

 Include both ventilatory and non-ventilatory

strategies

 If a rescue therapy does not result in improved 

oxygenation or if complications develop, the 

rescue therapy should be abandoned



Refractory Hypoxemia
 PaO2/FIO2 ration of < 100 mm Hg

 Inability to maintain Plateau pressure less than 3O 

cm H20 despite low tidal volume ventilation (4 

ml/kg IBW)

 Development of barotrauma

 An Oxygenation Index of > 40

 OI = FIO2 x mPaw x 100/PaO2)

High Ventilator Requirements
 FiO2 >0.7 mmHg and a PEEP of 15 cm H20

 Pplat >30 cm H2O with a tidal volume of <6ml/kg 

IBW

Early 

identification of 

these patients for 

rescue therapy



Rescue Therapies

 PEEP (Positive End Expiratory Pressure)

 Lung Recruitment Maneuvers

 Transpulmonary Pressure Targeted Ventilation

 Neuromuscular Blockade (NMB)

 iNO (inhaled Nitric Oxide)

 Prone Positioning

 HFOV (High Frequency Oscillation Ventilation)

 ECMO (Extracorporeal Membrane Oxygenation)
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Higher Level of PEEP

 Has been shown in increase P/F ratio

 No mortality benefit seen

 Though a trend towards a mortality 

benefit was see on the the meta-

analysis

 Lower rates of refractory hypoxemia 

(Express and love studies)

 High PEEP is >10, Low PEEP <=10

 PEEP of 8 to 15 cm H2O is very 

common in ARDS

 PEEP of >24 is rarely required
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Lung Recruitment 

Maneuvers

 A recruitment maneuver is a transient increase in transpulmonary

pressure to promote reopening of collapsed alveoli and thereby 

improving gas exchange

 Intermittent PEEP increase: Intermittent increase in PEEP from baseline to set 

level for 2 consecutive breaths/min

 Sustained high-pressure inflation: increasing PEEP to 30-50cm H2O for 20-40s

 Pressure control + PEEP: pressure control ventilation of 10-15 cm H20 with 

PEEP 25-30 cm H2O to reach a peak inspiratory pressure of 40-45 cm H2O 

for 2 min

 Intermittent sigh: three consecutive sighs/min with a tidal volume creating 

a Pplat of 45 cm H20

 Extended sigh: Step wise increase in PEEP by 5 cm H2O with a simultaneous 

decrease in tidal volume over 9 minutes leading to implementing a CPAP 

level of 30 cm H2O for 30 sec



Lung Recruitment 

Maneuvers

 No RCTs demonstrate a mortality 

benefit from improvement in gas 

exchange.

 Though many studies have 

shown an increase in P/F Ratio 

(40 studies with 1,185 patients)



Lung Recruitment 

Maneuvers

 Complication associated with lung recruitment maneuvers:

 Hypotension 12%

 Desaturation 8%

 Arrhythmia 1%

 Only 1% of patients had RMs terminated due to an adverse event



Lung Recruitment 

Maneuvers

 Routine use of these maneuvers is not recommended

 There role is in patients who develop life-threatening refractory 
hypoxemia

 Avoid these maneuvers in patients with:

 Hemodynamic compromise

 Those at risk for Barotrauma (ie. Emphysema)

 If the use of a recruitment maneuver results in improved 

oxygenation, then higher levels of PEEP should be used to help 

maintain the recruitment
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Transpulmonary Pressure 

Targeted Ventilation

 The theory:

 Transpulmonary pressure = Pplat – Pesophageal

 This is a surrogate for pleural pressure

 The transpulmonary pressure excludes the effects of chest wall compliance 

on respiratory mechanics



Transpulmonary Pressure 

Targeted Ventilation

 So why are we interested in this form of invasive measuring in ARDS?

 In the ARDSnet study FiO2 and PEEP were adjusted based off of arterial 

oxygenation, without reference to chest-wall or lung mechanics

 The ALVEOLI trail (from ARDSnet) assessed Increased PEEP versus standard 

PEEP, again based off of oxygenation, with no mortality benefit seen.

 In animal models increased PEEP has actually been shown to be protective 

against cellular damage

 So is there a better way to target increased PEEP for improved 

mortality?

 Maybe



Transpulmonary Pressure 

Targeted Ventilation

 Randomized trial of patients with ALI or ARDS into esophageal-pressure 

guided PEEP versus PEEP based of ARDSnet protocol

 Goal was to enroll 150 patients, stopped after 61 patients due to 

increased oxygenation (88 mmHg higher) in the esophageal-pressure 

guided group.

 Effect was persistent over the entire follow-up time (24, 48, and 72 hours)

 Respiratory compliance was also improved over these same time intervals



 Improved lung 

compliance

 Improved oxygenation 
(PaO2, PaO2:FiO2)

 Accomplished with 

increased Pressures 

(PEEP, TV, Peak and 

Mean air way 
pressures)



Transpulmonary Pressure 

Targeted Ventilation  There is a trend 

towards improved 28-

day mortality



Transpulmonary Pressure 

Targeted Ventilation

 They jury is still out.

 This method of targeted PEEP, at least in this study, showed that we are 

actually putting PEEP below the closing pressure of the Alveoli.

 Better targeting our PEEP to prevent alveolar collapse could help improve 

mortality

 EPVent 2 Trail

 While the EPVent trial was designed to look at PaO2 as its primary 

outcome, their subsequent trial will be looking at mortality

 The results should be coming out sometime in late 2019-to-early 2020
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Neuromuscular Blockade

 The thought is that it works by three mechanisms

 Improves compliance but reduced chest wall resistance

 Eliminates the oxygen consumption from the work of 

breathing

 Improved ventilation synchrony



Neuromuscular Blockade

 First studied in 2004.

 No mortality benefit seen

 …But it did improve oxygenation

 Concerns: Increased risk of myopathy and polyneuropathy



Neuromuscular Blockade

 Design:

 56 patients were enrolled (28 

patients/group)

 p/f ratio was <150 and PEEP >5

 Therapy started within 36 hours 

of eligibility with low TV 

ventilation

 NMB was done with 

cisatracurium

 Improved p/f ratio at all time 

points



Neuromuscular Blockade

 Large randomized controlled trial of 340 patients (p/f <150mmHg) 

were randomized into NMB vs placebo for 48 hours

 Again, done with low TV ventilation



Neuromuscular Blockade

 Patients were randomized into 

 Treatment with cisatracurium vs placebo

 No nerve monitoring was permitted to evaluate for adequate 

paralysis due to the placebo arm

 All sedation was titrated to a Ramsey score of 6 (no response on 

glabellar tap)



Neuromuscular Blockade

 Early NMB did show a trend 

toward improved mortality, 
though this did not reach 

statistical significance 

(p=0.08)



Neuromuscular Blockade

 What it did show though 

was

 Fewer ventilator days

 Fewer days in the ICU
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Inhaled Nitric Oxide

 The theory

 iNO causes vasodilation of 

the pulmonary vasculature 

with the best ventilation to 

help improve V/Q 

matching 
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 The theory

 iNO causes vasodilation of 

the pulmonary vasculature 

with the best ventilation to 

help improve V/Q 

matching 

We will get to this 

in just a second



Inhaled Nitric Oxide

 Randomized control trial (n=385) of moderate to severe ARDS 

(p/f <250)

 Study group received 5ppm of iNO for up to 28 days



Inhaled Nitric Oxide

 No improvement in 

mortality of number of 
ventilator days

 Did see a short term 

improvement in 

oxygenation
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Prone Positioning

 First used in the 1970’s

 The benefit is improvement 
in the V/Q mismatch 

associated with laying 

supine and mechanical 

ventilation



Prone Positioning

 Multiple studies with different types of protocols (proning for 6 

to 20 hours per day) have shown improved oxygenation, but 

no improvement in mortality

 The problem with all of these studies, was that they were using 

10ml/kg TVs



Prone Positioning

 Large multicenter RCT (466 patients)

 Early initiation (within 36 hours of intubation)

 Prone therapy for 16hrs/day

 TVs 6 ml/kg, Plateau Press 30 cm H2O or less

 Every patient with NMB (prone group or not) 



 Improved mortality

 Improved ICU LOS

 Improved Ventilator 

days
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HFOV

 First use for hypoxic 

respiratory failure in the 

1970’s

 Respiratory rate set at 180-

900 breaths/min

 Creates a continuous 

laminar air flow



HFOV

 The theory

 Small Tidal Volumes

 Limit alveolar 

overdistention and 

decrease VILI

 Higher, constant mean 

airway pressure

 Increased alveolar 

recruitment



HFOV

 OSCAR trail

 Multicenter randomized trial of 

795 patient in to HFOV versus 

conventional ventilation

 No mortality improvement seen 

with HFOV



HFOV

 OSCILLATE trial

 Multicenter RCT of 1200 patients

 Actually stopped after 548 

patients had been randomized 

due to increased mortality in 

the HFOV group



HFOV

 So why the difference in OSCAR and OSCILLATE?

 The best theory is that they had different PEEP strategies, 

otherwise both protocols were identical

 OSCAR used a PEEP of 10

 OSCILLATE used a PEEP of 13

 HFOV patient also required more sedatives, paralytics, and 

vasopressors than in the control groups
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ECMO

 First reported in 1979

 90 patients randomized into VA ECMO versus 

conventional mechanical ventilation

 Survival was 10% in both groups



ECMO

 180 patients randomized to conventional mechanical 

ventilation versus transfer for ECMO consideration

 75% of patient transferred for ECMO received ECMO

 93% of patients in ECMO arm received lung protective 

ventilation, compared to only 70% in the conventional arm

 6 month survival in ECMO was 63% versus 67%

 Critiques

 The study was not powered to detect a mortality difference

 The treatment arms were not standardized



ECMO

 EOLIA Trial

 249 patients randomized into VV ECMO versus conventional 

mechanical ventilation

 98% of patients in the ECMO are received ECMO

 90% of patient in conventional group underwent prolonged prone 

positioning, and all received NMB

 Despite aggressive rescue therapies in the the conventional group, 

28% of patients crossed over to ECMO for severe refractory hypoxemia



ECMO

 EOLIA Trial

 Mortality benefit did not 

reach statistical significance 

(p=0.07)

 There was also a significantly 

higher incidence of bleeding 

requiring transfusion (46 vs

28%), as well as severe 

thrombocytopenia (27 vs

16%)

 So… is ECMO dead?



ECMO

 Despite the findings in the EOLIA trail, there is a little bit more to 

their data3

 Emergency ECMO improves output by “buying time” in extremely 

hypoxemic patients

 Of the 35 patients that failed conventional therapy, 15 survived, 

and it is unlikely that these patients would have survived without 

ECMO

 ECMO improves outcome by reducing the invasiveness of 

mechanical ventilation

 TV was reduced with 43% and RR by 23% with ECMO, this is an 

estimated 66% reduction in the mechanical power applied to the 

lungs.  This was associated with a higher survival rate (81 vs 68 

patients)



ECMO

 Despite the findings in the EOLIA trail, there is a little bit more to 

their data…continued3

 Lastly if the cross-over patients without ECMO are considered to have 

a mortality rate between 0 and 33% then the p value of p<0.001 and 

p=0.045 is obtained, versus the p=0.07 given in the trial.

 I think VV ECMO has its role in severe ARDS… so who should we 

considered for it?



ECMO

 Oxygenation Index, survival without ECMO

 RESP score, survival if placed on ECMO



ECMO

 One final note

 Improved survival with the outbreaks of H1N1 have been 

published from numerous countries

 In most of these reports the common factors for the survival is 

patients

 That are younger

 Have fewer or no significant medical comorbidities

 ECMO is an expensive and invasive therapy, patient 
selection is key



Conclusions

 Improved mortality

 Prone positioning – should be initiated within 36 hours of ARDS and be 
performed for at least 16 hours/day

 Trend towards improved mortality

 High PEEP

 Early NMB

 ECMO (especially with appropriate patient selection)

 Improved oxygenation

 iNO

 Transpulmonary pressure targeted ventilation

 Lung Recruitment maneuvers

 Increase mortality

 HFOV – should probably be abandoned in adult patients
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