
Seminar

Current Concepts

In ARDSIn ARDS



What I think is possible to cover in 
40 i t40 minutes-

• DefinitionDefinition

• Management

– Ventilatory strategies

• Conventional LPV

• Rescue therapy

Non Ventilatory strategies– Non Ventilatory strategies



Definition and DiagnosisDefinition and Diagnosis

• First described by Ashbaugh and Petty-1967

• Case series of 12 patientsCase series of 12 patients

A hb h DG Bi l DB P TL L i BE A- Ashbaugh DG, Bigelow DB, Petty TL, Levine BE. Acute 
respiratory distress in adults. Lancet. 1967;2(7511):319-323.

• No valid definition for almost 25 years



Definition and Diagnosis contd..

• In 1994 AECC definition of ARDS

F k f t• Four key features

– Acute

– Hypoxemia

CXR– CXR

– Non cardiogenic nature

• Broader term ALI- to include less severe disease

-Bernard GR et al. Am J Respir Crit Care Med. 1994;149(3 pt 1):818-824.



Definition and Diagnosis contd..
Why new definition is required?Why new definition is required?

1. What is acute?

2. Does PEEP affect P/F ratio? 

3. CXR- Subjective- Can it be made more objective?

4. Requires RHC!!!

• Term ALI- “Exclusive” or “Inclusive”

• No severity stratification for ARDS• No severity stratification for ARDS

-Phua J Acute respiratory distress syndrome 40 years later: time to revisit 
its definition. Crit Care Med. 2008;36(10):2912-21.



Definition and Diagnosis contd..Definition and Diagnosis contd..

ESICM ith d t f ATS & S i t f C iti l C• ESICM with endorsement from ATS  & Society of Critical Care 

Medicine – Convened an International expert panel

• First meeting in Berlin from Sep 30th to Oct 2nd 2011-Draft definition 

of ARDSof ARDS

• Evaluated on 4000 patients of presumed ARDS for ability to predict 

short term mortality 

-Rubenfeld et al JAMA. 2012;307(23):2526-33.
-Angus DC JAMA. 2012;307(23):2542-4.



Definition and Diagnosis contd..

-Rubenfeld et al JAMA. 2012;307(23):2526-33.



Definition and Diagnosis contd..

-Rubenfeld et al JAMA. 2012;307(23):2526-33.



Other variables assessed-

Angus DC JAMA. 2012;307(23):2542-4.



To conclude-To conclude
AECC Berlin

Duration Vague 1 week

P/F ratio <200 <300

R i RHC V til tRequires RHC Ventilator

Conceptually Conservative/Restrictive More liberal
“INCLUSIVE”

Possibly both are complimentary to each other



Current in Ventilatory 
t t istrategies-

• Conventional LPVConventional LPV

• Unconventional

– Higher PEEP

– Recruitment

– PCIRVPCIRV

– APRV

– HFOV



Dawn of LTVV/LPV



How much to expect?How much to expect?

New Engl j of med 2000;342(18):1301-8



Does compliance at baseline 
predict response to LTV?p p

New Engl j of med 2000;342(18):1301-8



• What does literature say about long term 
effects of LTVV





• Does this mean we are able to  save 
additional approximately 8.8% of ARDS 
patients, by resorting to LTVV?

• NO



Outcome- Then And Now-

Villar J et. al. 2011 The ALIEN study, Intensive Care Med 37:1932–1941



Experience at Our Centre-

-Chest 2006;130:724-729



Experience at Our Centre-

-Chest 2006;130:724-729



Possible reasonsPossible reasons

• LTV in clinical practice is yet to be accepted universally

• Mortality is affected predominantly by other componentsMortality is affected predominantly by other components, 

especially sepsis and MODS

• Previous studies also used TV to the tune of 7-9ml/Kg 

and not 12 ml/Kg as was used in ‘Tidal volume trial’



To concludeTo conclude

• LTV Ventilation has definite mortality benefit, both in 

short and long term and needs to be accepted and used g p

routinely

• Our practice-

– To start with 6 ml/Kg IBW and titrate according to 

SpO2 and Pplat at bedsideSpO2 and Pplat at bedside



How do I know my patient will 
require more than usual?

1 P/F ratio <1001. P/F ratio <100

2. PEEP >15 – Attributable mortality 16%

3. Inability to maintain Pplat <30 cmH2O despite a Vt 4 mL/kg IBW

4 Oxygenation Index [(FIO2 X mPaw X 100)/PaO2] > 304. Oxygenation Index [(FIO2 X mPaw X 100)/PaO2] - > 30

5. Little improvement in P/F ratio after 24 hours of LPV – Mortality 

53-68%

6. Development of barotraumap

-Esan A. et al. CHEST 2010; 137( 5 ): 1203 – 1216



• What next??



Wait- Is it really refractory 
h i ?hypoxemia?

• Check

– Is the Vt appropriate?Is the Vt appropriate?

– Is there VP asynchrony?

– Is there fluid overload/cardiogenic component?

– Is there a device malfunction?



How do I go about refractory 
h i  i   ARDS?hypoxemia in severe ARDS?

ECMORescue therapy-

Higher PEEP
96….95…..94….93…..92…
……….

Recruitment maneuver HFOV/HFPV

Prone positioning
APRV



Unconventional strategies
Physiological Rationale-

• Recruit collapsed but potentially recruitable alveoli• Recruit collapsed but potentially recruitable alveoli

• Optimize V/P matching

• Without further increasing lung injury

R ti li ti f Cli i l t i lRationalization from Clinical trials-

• 16% of early deaths in ARDS are due to refractory hypxemia

• Most of the rescue therapies are proven to improve 

tioxygenation

-Esan A. et al. CHEST 2010; 137( 5 ): 1203 – 1216



Rationale-

Recruitment Maneuver-
Rationale
1. ARDS lung is derecruited and recruitable

2. Concept of COP of the lung units
• COP varies from relatively low to very high

3. Lung recruitment is beneficial
i i th t d l i i i th l• increase in the aerated lung mass- minimize the lung 
heterogeneity and to increase the size of the baby 
lungg

• Prevention of atelectatotrauma

Guerin et al. Annals of Intensive Care 2011,1 :9



It is a transient increase in transpulmonary pressure intended to promote

Recruitment cont..
It is a transient increase in transpulmonary pressure intended to promote 
reopening of collapsed alveoli- function of lung inflation



Recruitment cont..Recruitment cont..

• Used to identify and utilize alveoli which are collapse but y p
are potentially recruitable without further lung injury 

• Useful only if patient is on modest PEEP

Improvement in oxygenation indicates PEEP being used• Improvement in oxygenation- indicates PEEP being used 
was inadequate

• Should be followed by high PEEP to maintain benefits



Recruitment, Evidence-
• No properly conducted RCT• No  properly conducted RCT
• Only Case series/ data from other ARDS studies
• No standard maneuver

-Esan A. et al. CHEST 2010; 137( 5 ): 1203 – 1216



Recruitment, evidence-

Duration of hold-
E l ARDS t f th it t d i th• Early ARDS- most of the recruitment occurs during the 
first 10 s of a SI RM

• Hmodynamic impairment is significant after the tenth 
second of RM

-Arnal JM et al. Intensive Care Med, 2011;37:1588–1594



Conclusion-

Fan et al. Am J Respir Crit Care Med;178:1156–1163.



Higher PEEP – Continuum of recruitment

-Esan A. et al. CHEST 2010; 137( 5 ): 1203 – 1216



However…However…
• Higher PEEP was safe

• Sub group analysis of refractory hypoxemia group 
– Lesser numbers requiring salvage therapy( 10 % vs 20Lesser numbers requiring salvage therapy( 10 % vs.  20 

%)
– Alveoli trial was not based on identification of LIP & PEEP 

was arbitrarily set as per tablewas arbitrarily set as per table

• Definite role in subset of patients with severeDefinite role in subset of patients with severe 
lung injury

-Esan A. et al. CHEST 2010; 137( 5 ): 1203 – 1216

- Briel M et al. JAMA. 2010;303(9):865-873 



Which patient will benefit?

• 30 minute trial of high PEEP

B/L l i l t• B/L lung involvement

• Recruitable lung

Optimal PEEP- No clear evidence-

I t l d t l PEEP• Incremental or decremental PEEP

• Esophageal pressure- unreliable

• PV tool- LIP useful

• Stress Index• Stress Index-

-Esan A. et al. CHEST 2010; 137( 5 ): 1203 – 1216



Stress index

-Esan A. et al. CHEST 2010; 137( 5 ): 1203 – 1216



Combining above three strategies (LOVS)

Meade MO et al. JAMA. 2008;299(6):637-645 



PCIRV

Rationale
• Maintains recruitment
• More time for oxygenation
• Improves oxygenation
Problems
• Requires sedation and paralysis
• Uncomfortable• Uncomfortable
• Risk of Auto PEEP & haemodynamic compromise

• Evidence does not show any benefit over LPV

-Esan A. et al. CHEST 2010; 137( 5 ): 1203 – 1216



APRV

• Conceptually continuum of IRV

• Separates 2 Pumps

• Recruitment Maximizes benefit of PPV & SV• Recruitment- Maximizes benefit of PPV & SV

• Allows asynchrony without adverse effects on 

oxygenation 

• Improves patient comfort

• Allows OLV at relatively low pressure swings

-Esan A. et al. CHEST 2010; 137( 5 ): 1203 – 1216



APRV evidence 
Author, yr No of pt. Mortality comment

Putensen et al.
2001

30 20 vs 26% Safe

C f fComfortable for 
patient

No mortalityVerpula et al. 33 8 vs 14% No mortality 
benefit over LPV

Not 
d drecommended 

routinely
Verpula et al. 58 17 vs 18%

-Esan A. et al. CHEST 2010; 137( 5 ): 1203 – 1216



HFOV

Rationale-

• Maintain open lung

• Minimal volume swings

Achieved by-

• Higher mean pressure

• Frequency increased to minimize fall in airway pressureq y y p

• Vt decreased to compensate for possible auto PEEP 

• VT= dead space- oscillatory pattern



HFOV: Evidence-

Author, yr No. of patients Result comment

Derdak et al.
2002

148 - No survival 
benefit

- Improved

Safe

EfficacyImproved
oxygenation

Efficacy
compared to LPV 

needs to be 
proven

Can be used as 
salvage therapy

Bollen et al.
2005

61
Stopped 

prematurely

No survival 
benefit

- Derdak S, Mehta S, Stewart TE et al. Am J Respir Crit Care Med 
2002;166:801-8.

- Bollen CW, van Well GT, Sherr y T et al. Crit Care 2005;9:R430-R9





To conclude

• Use what is available

• Use the one which you are well versed with

• When faced with a patient with refractory hypoxemia-

Rescue strategy of ventilation may be life saving inRescue strategy of ventilation may be life saving in 

individual patient and is worth trying for…. 

• However if no benefit is observed over few hours of trial-

it should abandoned



Non ventilatory strategiesNon ventilatory strategies
Rapid Rescue from hypoxemia-
1 Neuromuscular blockade1. Neuromuscular blockade
2. Inhaled vasoactive agents
3. Prone positioningp g
4. Extracorporeal life support

Gradual rescue from hypoxemia-
1. Conservative fluid management
2 I t ti t id2. Intravenous corticosteroids 
3. Nutritional modification

- Raoof S, Goulet K, Esan A et al. CHEST 2010; 137( 6 ): 1437 – 1448



Neuromuscular blockade
3 RCTs- Latest ACURASyS trial
• Significant improvement in oxygenation
• Benefit seen despite absence of VP asynchrony at baseline• Benefit seen despite absence of VP asynchrony at baseline
• Lower concentrations of proinflammatory cytokines
• Survival benefit at 90 days- ACURASyS study

Problem-
• Critical care myopathy esp with concurrent steroids• Critical care myopathy esp. with concurrent steroids

Present status-
• Can be used if first dose shows significant improvement, No 

major adverse events

- Raoof S, Goulet K, Esan A et al. CHEST 2010; 137( 6 ): 1437 – 1448

- Papazian L, Forel JM, Gacouin A et  al.; ACURASyS Study,
N Engl J Med 2010;363:1107-16.



Inhaled NO

Rationale-

S l ti dil ti I d V/Q t hi• Selective vasodilation- Improved V/Q matching

• lower PAP

Evidence- 5 RCTs, 1 systemic review, 1 metaanalysis-

• Transient improvement in oxygenation 24-96hrsTransient improvement in oxygenation 24-96hrs

• No survival benefit or reduction in ventilator-free days

- Raoof S, Goulet K, Esan A et al. CHEST 2010; 137( 6 ): 1437 – 1448



Inhaled NO
Problems-

• Cost• Cost

• Renal dysfunction

• Methemoglobinemia- rare at dose<80ppm

Present status-

• Can be used in refractory hypoxemia

• Discontinue if no benefit in 1 hoursco t ue o be e t ou

- Raoof S, Goulet K, Esan A et al. CHEST 2010; 137( 6 ): 1437 – 1448



Other vasoactive drugs

• IV Phenylephrine-

• Prostacyclins- Cheaper alternative to iNO

• Almitrine- Potentiates HPV

• Avoid systemic vasodilators

– All conceptually sound p y

– Imrove oxygenation in short term

- Raoof S, Goulet K, Esan A et al. CHEST 2010; 137( 6 ): 1437 – 1448



Prone position: Physiological Rationale-

• Recruitment

• Redistribution of ventilation -enhanced V/Q matching

• Elimination of compression of the lungs by the heart

• Decreased shunt

• Improved complianceImproved compliance

- Girard TD, Bernard GR Chest 2007;131 (3):921-929.

- Raoof S, Goulet K, Esan A et al. CHEST 2010; 137( 6 ): 1437 – 1448

( )
- Guerin C, Badet M, Rosselli S et al. Intensive Care Med.   
1999;25(11):1222-1230 



Prone position: Evidence-

- Raoof S, Goulet K, Esan A et al. CHEST 2010; 137( 6 ): 1437 – 1448



Analyzing the latest trial- Prone-Supine  II  Study 

• Only ARDS patients
• Stratification in moderate vs severe

P ifi d til ti t l• Prespecified ventilation protocol
• Early application <72 hrs
• Up to 20 hr/day• Up to 20 hr/day
Results
• NO SURVIVAL BENEFIT
• More COMPLICATIONS
• Non significant trend towards survival benefit in severe 

group Can be used in refractory patients 
with potential complications in mind

- Raoof S, Goulet K, Esan A et al. CHEST 2010; 137( 6 ): 1437 – 1448
-Taccone P, Pesenti A, Latini R, et al;JAMA. 2009;302(18):1977- 1984.



Dickinson S et al. Crit Care Clin 27 (2011 ) 511–523



ECMO in ARDS 

3 RCTs in adults, total 330 patients

• First 2 trials, 110 patients- no mortality benefit

• CESAR trial serious methodological flaws significant• CESAR trial- serious methodological flaws- significant 

mortality benefit- however conclusion is not possible

• Can be considered as rescue therapy in suitably 

selected patients

- Raoof S, Goulet K, Esan A et al. CHEST 2010; 137( 6 ): 1437 – 1448

- Peek GJ, Mugford M, Tiruvoipati R, et al;Lancet. 2009;374:1351-1363.



ECMO in ARDSECMO in ARDS

Indications (as a temporary rescue measure)( p y )
– Acute
– Life threatening
– Reversible
– Unresponsive to conventional therapy
– Ventilation <7days
– Age <65 years

PO2 / FiO2 < 60 ( in spite of standard care)– PO2 / FiO2 < 60 ( in spite of standard care)
– No significant comorbidities

- Raoof S, Goulet K, Esan A et al. CHEST 2010; 137( 6 ): 1437 – 1448



Fluids- How much is better?



But—
• Martin et al. failed to show significant difference in placebo 

and diuretics + albumin
• In another study they reported beneficial role of Albumin + 

Furosemide over furosemide alone especially in patientsFurosemide over furosemide alone especially in patients 
with hypoproteinemia

- Martin GS et al. Crit Care Med. 2002;30 (10):2175-2182.
Martin GS et al Crit Care Med 2005;33(8):1681 1687

• So what do we take from it? 

- Martin GS et al. Crit Care Med. 2005;33(8):1681-1687.

• Difficult to say at present- till it is solved…



Steroids
EarlyEarly

• Improved oxygenation

• More ventilator free & shock free days

Metaanalysis by Tang BM et alMetaanalysis by Tang BM et al.

• Lower overall relative risk for death, ICU LOS, and 

multiple organ dysfunction scale score

• No increase in infection, neuromyopathy, or major o c ease ect o , eu o yopat y, o ajo

complications with corticosteroids.

M d i GU t l JAMA 1998 280(2) 159 165- Meduri GU et al. JAMA. 1998;280(2):159- 165
- Tang BM et al. Crit Care Med. 2009;37(5):1594-1603
- Steinberg KP et al. N Engl J Med. 2006;354(16):1671- 1684.



Marik PE et al. Crit Care Clin 27 (2011 ) 589–607 


