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Heterogeneity of Sepsis

Intensive Care Med. 2025;51:582-584.



The Problems of 

Clinical Trials in the ICU

Am J Respir Crit Care Med. 2014;189:1469-78.
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Randomized ARDS Trials 
Therapies Novel Trial Findings

Lung protective ventilation (LPV) ARMA: Lower mortality with LPV

Open lung ventilation ALVEOLI: No difference in hospital mortality

ExPress: No difference in 28-day mortality

LOVS: No difference in 28-day hospital mortality

ART: Higher 28-day mortality with open lung ventilation

STAMINA: No difference in 90-day in hospital or ICU mortality

High-frequency oscillatory 

ventilation (HFOV)

OSCILLATE: Higher hospital mortality with HFOV

OSCAR: No difference in 30-day mortality

Prone position PROSEVA: Lower 28-day mortality with prone position

ECMOSARS: May be beneficial in patients support by V-V ECMO

PRONECMO: No difference in 90-day in hospital or ICU mortality

Neuromuscular blocking agents 

(NMBA)

ACURASYS: Lower adjusted 90-day mortality with NMBA

ROSE: No difference in 90-day mortality

Fluid therapy FACTT: No difference in mortality; more ventilator free days with conservative fluid strategy

Statins HARP-2: No difference in 28-day mortality with simvastatin

SAILS: No difference in 60-day or hospital mortality with rosuvastatin

Image-guide ventilation LIVE: Personalisation of mechanical ventilation did not decrease mortality

Extracorporeal membrane 

oxygenation (ECMO)

CESAR: Lower 6-months mortality with ECMO

EOLIA: No difference in 60-day mortality 



Randomized ARDS Trials 
Therapies Novel Trial Findings

Lung protective ventilation (LPV) ARMA: Lower mortality with LPV

Open lung ventilation ALVEOLI: No difference in hospital mortality

ExPress: No difference in 28-day mortality

LOVS: No difference in 28-day hospital mortality

ART: Higher 28-day mortality with open lung ventilation

STAMINA: No difference in 90-day in hospital or ICU mortality

High-frequency oscillatory 

ventilation (HFOV)

OSCILLATE: Higher hospital mortality with HFOV

OSCAR: No difference in 30-day mortality

Prone position PROSEVA: Lower 28-day mortality with prone position

ECMOSARS: may be beneficial in patients support by V-V ECMO

PRONECMO: No difference in 90-day in hospital or ICU mortality

Neuromuscular blocking agents 

(NMBA)

ACURASYS: Lower adjusted 90-day mortality with NMBA

ROSE: No difference in 90-day mortality

Fluid therapy FACTT: No difference in mortality; more ventilator free days with conservative fluid strategy

Statins HARP-2: No difference in 28-day mortality with simvastatin

SAILS: No difference in 60-day or hospital mortality with rosuvastatin

Image-guide ventilation LIVE: Personalisation of mechanical ventilation did not decrease mortality

Extracorporeal membrane 

oxygenation (ECMO)

CESAR: Lower 6-months mortality with ECMO

EOLIA: No difference in 60-day mortality 



Heterogeneity of ARDS

Intensive Care Med Exp. 2022;10:8. 





One Size Fits One. 



Trials Give Us Average Treatment Effect.

Lancet Respir Med. 2025:S2213-2600(25)00054-2.

ATE: Average Treatment Effect



Individualized Treatment Effect (ITE) 



Prognostic and Predictive Enrichment 

Nat Rev Nephrol. 2020;16:20–31.



Not One-Size-Fit All, But One-Size-Fit-One 

https://nationaleczema.org/blog/personalized-medicine-eczema/
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• Subgroup analyses

• Risk-based models

• Effect-based models
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Subgroup Analysis

Average treatment effect for patients with certain characteristics.

CATE: Conditioned Average Treatment Effect

Lancet Respir Med. 2025:S2213-2600(25)00054-2.



N Engl J Med. 2023;388:499-510.

CLOVER Trial 



Subgroup Analysis
• Limitation: 

– Evaluate patient s based on one characteristic at a time

– Patients often fall into multiple subgroups

Newer Approach 

Data-Driven Subgroup Analysis
• Use clustering methods to group patient who are similar based on 

multiple baseline characteristics and biomarkers

• Treat these clusters as subgroups

• Evaluate treatment effect by cluster

Lancet Respir Med. 2025:S2213-2600(25)00054-2.
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ARMA Study

ALVEOLI Study

Lancet Respir Med.2014;2:611-620 and 2022;10:367-377. Thorax.2018;73:439-445. Crit Care Med.2019;47:1724-1734.

Latent Class Analysis of ARDS 

EARLY and VALID Study

Hypoinflammatory/Hyperinflammatory phenotypes



N Engl J Med. 2006;354:2564-2575. Am J Respir Crit Care Med. 2017;195:331-338.

FACTT trial

HyperinflammatoryHypoinflammatory



Lancet Respir Med. 2014;2:611-620 and 2022;10:367-377.

PEEP in ARDS

EARLI and VALID Study 



Lancet Respir Med. 2014;2:611-620 and 2022;10:367-377.

PEEP in ARDS

ARMA and ALVEOLI Study

EARLI and VALID Study 



N Engl J Med 2012;366:2055-64.

PROWESS Study



Lancet Respir Med. 2023;11:965-974.

Am J Respir Crit Care Med. 2024;209:805-815.

Hyper-inflammatory             

Hypo-inflammatory 



Risk-Based Models
Treatment effect conditional on baselines risk of mortality. 

Lancet Respir Med. 2025:S2213-2600(25)00054-2.



Am J Respir Crit Care Med. 2018;198:810-813.

N Engl J Med. 2018;378:829-839.

Major Adverse Kidney Events within 30 days (MAKE30)

A composite of in-hospital death, new receipt of renal-replacement 

therapy, and persistent renal dysfunction (defined as a final inpatient 

creatinine value ≥200% of the baseline value)

Risk-Based Models
SMART (Isotonic Solutions and Major Adverse Renal Events Trial)



Effect-Based Models
Predict individualized treatment effect (ITE) based on each patients baseline characteristics

Lancet Respir Med. 2025:S2213-2600(25)00054-2.



JAMA. 2021;326:818-829.

Effect of Intravenous Fluid Treatment With a Balanced Solution vs 

0.9% Saline Solution on Mortality in Critically Ill Patients

The BaSICS Randomized Clinical Trial



Ann Am Thorac Soc. 2023;20:872-879.



Ann Am Thorac Soc. 2023;20:872-879.



Platforms and Consortiums 



Ann Am Thorac Soc 2020;17:879-891.

REMAP-CAP 



ISPY-COVID/ARDS Trials 

Nat Med. 202228:9-11.



PRACTICAL Platforms
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Lancet Respir Med. 2025:S2213-2600(25)00054-2.
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Artificial Intelligence
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