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ARDS and DAD: final common 

pathway numerous insults?

ARDS

pneumonia

trauma

pancreatitis

aspiration

sepsis

toxins

transfusion

Low Vt

Careful fluids

Neuromuscular 

blockade

Prone

Corticosteroids



PANCREATITIS

DAD
ASPIRATION SEVERE SEPSIS

LEGIONELLA

MRSA VAP

S. pneumoniae

MYCOPLASMA

VARICELLA

CMV

PCP

TRAUMA

CONTUSION

DAD

Normal

TRALI

DAD

Hypersensitivity

SARS

ALVEOLAR

HEMORRHAGE

BOOP

This is ARDS

DAD in ~50%



Are there (uniquely) treatment-

responsive subsets
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Endotype or Subphenotype

ωA subset of a patient population, defined by 
observable characteristics, that has a distinct natural 
history, disease manifestation, and/or response to 
treatment from the population as a whole (HC Prescott et 

al, AJCRRM 2016)

ωWell-established in asthma, cancer

ωHow does one establish distinct subphenotypes
when a formal definition does not exist?  

ωLatent Class Analysis



Latent Class Analysis
ωStatistical method for identifying unmeasured 

class membership among subjects

ωIterative algorithm that seeks to identify the 
άōŜǎǘ Ŧƛǘέ ƴǳƳōŜǊ ƻŦ ŎƭŀǎǎŜǎ ōŜǘǿŜŜƴ м ŀƴŘ ƴ 
and assign each subject to the class to which 
he or she most likely belongs

ωWithin a latent class, the goal is to have no 
correlation between observed variables



ÅLatent class analysis (LCA) on two separate 

cohorts of patients with ARDS enrolled in 

clinical trials

ÅConducted using baseline data only (clinical + 

biomarker data) and NOT clinical outcomes

ÅEvaluated class assignment and response to 

randomized treatment with higher vs lower 

PEEP



ARDS Net Stusy 01 (ARMA; lower Vt arm)



ALVEOLI ïContinuous Variables

Å Two class model = best fit 

Å Phenotype 2 in 1/3 of patients 

Å Greater % are in shock

Å Higher mortality

ÅReferred to as a ñhyperinflammatoryò 

subphenotype



ωNo interaction with APACHE and treatment

ωSignificant interaction with class assignment and 
treatment (p=0.049)

Response to PEEP Differs 

By Endotype

Mortality in Class 1 (n=404)
Mortality in Class2 

(n=145)

Low PEEP 16% 51%

HighPEEP 24% 40%

Calfee CS et al, Lancet Resp Med 2014



ω 1000 patients

ωConservative vs liberal fluid strategy

ωNo difference in 60 day mortality

ωConservative fluid group had more ventilator free days

ωHow many classes are identified by LCA and does class 
assignment predict response to randomized fluid management?

Famous et al.  AJRCCM ePub 2016



Results



Separation between 

classes, ie: how 

ñdifferentò they are 

from each other. (>0.8 

is good)



Lower number is better; 

suggests better model fit 



Are K classes a 

better model fit than 

k-1 classes?



Results



FACTT: Continuous Variables 



Categorical Variables



Percentage of Subjects Assigned to Each Phenotype



FACTT: Continuous Variables 
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PAI-1
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FACTT: Continuous Variables 

Higher 
Creatinine
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Higher
Bilirubin



ωSignificant interaction for 60d mortality (p=0.0093)

Response to Fluid Rx Differs 

By Endotype

Mortality in Class 1 (n=727)
Mortality in Class2 

(n=273)

Conservative 24% 39%

Liberal 17% 49%

Famous K et al.  AJRCCM 2016

VPrognostic and Predictive Enrichment



Similar Hemodynamic Measurements by ARDS 

Subphenotype



Is there a simpler way to 

identify class assignment?



Parsimonious (3 variable) model

Cautions: until we have a better understanding of 

the underlying biological, environmental, 

and genetic processes driving class membership, 

these results should be considered 

hypothesis generating



Speculation

Warning, entering a (mostly) 
data free zone



Class 2 = DAD?



CHEST 2016

OR for Death if DAD on Biopsy

1.81 (1.14-2.87)



DAD

Pneumonia without DAD



Conclusions
ωLCA is a purely descriptive approach

ωLikely observing similar subphenotypes across 
ARMA, ALVEOLI, and FACTT

ωSubjects in Subphenotype2

ωάHyperinflammatory/procagulantέ

ωHigher mortality

ωMore shock and non-pulmonary organ failures

ωQualitative interaction for class assignment and 
response to PEEP and restrictive fluids



Future Directions
ωUnderstand the biology of class assignment 

ωFunctional MRI (Bajwaand Harris)

ωSerial evaluations of the proteome and blood 
transcriptome(Calfee)

ωCell systems (Hardin)

ωExplore class assignment and responses to other 
randomized treatmets

ωRosuvastatin

ωrhAPC

ωΧ



Thank you

thompson.taylor@mgh.harvard.edu



ARDS Severity Classification may 

form of predictive enrichment?

Rubenfeld JAMA 2012, Gattinoni NEJM 2006

Patients with Severe ARDS more likely to die of 

respiratory failure rather than multisystem 

organ failure, the more common cause of death



ωExploratory analysis:  Parsimonious model for 
identifying class membership

ωIL-6, sTNFr-1, vasopressor use 

ωAUROC for identifying endotype:  0.93

ωCautions: until we have a better understanding of 
the underlying biological, environmental, and genetic 
processes driving class membership, these results 
should be considered hypothesis generating

Identification of Endotypes 

Using Three Markers



3 variable model

ωIs there an interaction between treatment 
and subphenotype using the 3 variable 
model? 

ωExclude patients with incomplete data 
(n=859)

ωExcluded patients more likely to be non-
white, higher protein C and PaCO2 
levels

ωSame direction of differential treatment 
effect, not statistically significant



ωExploratory analysis:  Parsimonious model for 
identifying class membership

ωIL-6, sTNFr-1, vasopressor use 

ωAUROC for identifying endotype:  0.93

Identification of Endotypes 

Using Three Markers



Clinical Outcome by ARDS Subphenotype



Discussion
ωAre there different pathophysiologic 

mechanisms leading to lung injury and 
ARDS?
ωDo these different subclasses have a 

differential response to our conventional 
therapy?
ωCan we identify clinically useful markers to 

identify these subtypes at the bedside to 
guide management?



ω >100 studies show no durable benefit overall or in traditionally 
defined subgroupos

ωAnti-LPS (Polyclonal Ab, HA-1A, E5)    

ωAnti-TNF or anti-IL-1 strategies

ω IVIG, Interferon gamma, GCSF

ωGrowth hormone

ωSoluble PLA2, elastase, and PAF Inhibitors

ωHeparin, antithrombin

ω Ibuprofen

ωAPC for all severe sepsis and lower risk severe sepsis 

ωTissue factor pathway inhibitor (Opal ESICEM 2009)

ωPhospholipid emulsion (Dellinger CCM 2009)

ωTLR-4 antagonist (Tidswell CCM 2010, Opal, 2012)

ωAPC for persistent septic shock (Ranieri & Thompson, 2012)

Failed Trials for Sepsis/ARDS

There must be a better wayé.


