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‘The secret in science is to ask the right question’

Sir Henry Tizard
(1885-1959)
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Hello !



Jean-Louis Vincent, MD, PhD
Professor of intensive care medicine

(University of Brussels)
Past-President, European Society of Intensive Care Medicine

Past-President, World Federation of Intensive and Critical Care Societies

The future
of clinical trials



I KNOW HOW YOU FEEL …

depressed by all these negative
prospective, randomized, controlled trials

targeting mortality in critically ill patients
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Johannes Fibiger (1867-1928)

patients randomized according to the day of admission

Fibiger J. Om Serumbehandling af Difteri. 
Hospitalstidende 1898;6:309-25, 337-50.

Deaths

8/239 30/245

no statistics

pseudo-randomisation

Serum treatment for diphteria
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Small series

Case reports
Large

populations

Monocentric             Multicentric 

Very big 
populations

Pragmatic trials

TIME, years

The evolution of our critical care trials

Quality 
before 

Number of pts

Number of pts 
before 
Quality



The typical ICU study on mortality



Liberal vs. restrictive blood transfusions
Strict glucose control
Hypothermia in severe brain injury 
The pulmonary artery catheter
Browth hormaon administration
Balloon counterpulsation in cardiogenic shock
Early goal-directed therapy
Early vs. late initiation of RRT
Glutamine administration
Craniectomy in severe brain injury
Early parenteral nutrition
Proton pump inhibitors administration
Dexmedetomidine administration
Bicarbonate administration
Higher vs. lower PEEP levels in ARDS
Minimal FiO2 for lung protection
Activated protein C in sepsis
Lactoferrin administration in sepsis
Statin administration in ARDS
TLR4 administration in sepsis
NOS inhibitor in septic shock
Hemglobin solution in severe polytrauma
High frequency oscillation in severe ARDS
Beta-stimulants in ARDS
Anti-oxidant supplementation
Albumin administration
Higher vs. lower arterial pressure in septic shock
ECMO in severe ARDS

RCTs targeting mortality
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference



Early goal directed therapy
Hemodynamic monitoring
Tight glucose control
Activated protein C in septic shock
Blood transfusions
Time of onset of renal replacement therapy
Rate of renal replacement therapy
TTM after cardiac arrest
Lower vs. higher PEEP level in ARDS
TLR4 inhibitor in septic shock
Increased caloric regimens
Statins administration in sepsis
Higher target blood pressure in septic shock
ECMO in ARDS
ECCO2 removal
….

What else?

RCTsmulticentric targeting mortality
in critically ill patients



Large tidal volumes are harmful
Saline solutions may be harmful
HES solutions may be harmful
Hemoglobin solutions may be harmful
Excessive sedation is harmful
High frequency oscillation may be harmful
Administration of growth hormone may be harmful
Beta-2 stimulation in ARDS may be harmful
Invasive mechanical ventilation is harmful (NIV is preferable) 
Too much fluid may be harmful
Early parenteral nutrition may be harmful
A TNF inhibitor in sepsis may be harmful
High dose of vitamin C in sepsis may be harmful

HARM

RCTsmulticentric targeting mortality
in critically ill patients



SHOW ME
THE EVIDENCE...

Has it been shown to reduce mortality ?



Any POSITIVE trial?
(showing a reduction in mortality

in heterogeneous ICU populations?)

2019



2019

Avoiding
iatrogenicity



2018





2022



2021

Some RCTs 
showing 
no reduction 
in mortality 





2 possible explanations
Fluids vs. vasopressors: it does not matter

(you do not need intelligence)
Treatment should be personalized

(you do need intelligence)

2023

NO DIFFERENCE



WHICH BLOOD PRESSURE TARGET?



Target
65-70 mmHg

Target
80-85 mmHg

2014



In patients with chronic arterial hypertension: 



THE MESSAGE

A MAP > 75 mmHg
may be optimal in some patients

(history of hypertension) 

A MAP of 65 mmHg for all? 
It can be the INITIAL target



60-65mmHg (permissive hypotension) (n = 1291) 
usual care (n = 1307).

MAP target:

2020

NO DIFFERENCE
IN MORTALITY



60-65mmHg (permissive hypotension) (n = 1291) 
usual care (n = 1307).

MAP target:

2020



THE MESSAGE

A MAP >75 mmHg
may be optimal in some patients

(history of hypertension) 

A MAP of 65 mmHg for all? 

A MAP <65 mmHg
may be acceptable in some patients

(even if older than 65 years)

It can be the INITIAL target



PHYSIOLOGY



AUTOREGULATION OF BLOOD FLOW

0 50 100 150 200
PRESSURE, mmHg

0

20

40

60

80

100

120
CEREBRAL BLOOD FLOW, ml/100 g/min

MAP Chronic
hypertension



Vasopressor therapy

2021

Quid thereafter?



We recommend 
an initial target mean arterial pressure (MAP) of 65 mm Hg 

in patients with septic shock requiring vasopressors.
Grade 1 B

SEPSIS SURVIVING CAMPAIGN

2016

Crit Care Med 2017
Intensive Care Med 2017

VASOPRESSOR AGENTS

Remarks: 
If initiated, vasopressor dosing should be titrated

to an end point reflecting perfusion…



We recommend individualizing arterial blood pressure levels.

Although a mean value of 65 mmHg may be recommended as an 
initial goal, the optimal level may be higher in patients with a 
history of hypertension, atherosclerosis or chronic kidney disease.

Conversely it may be lower in younger patients without previous 
vascular problems, in those with chronically low arterial pressure, 
or in whom adequate tissue perfusion is maintained. 

2021



INDIVIDUALIZE THE TARGETS

THE PROBLEM OF HYPOTENSION



What is the target blood pressure in shock ?

60

70

80

90

?
Young, 

No atherosclerosis
No chronic hypertension

Elderly
Atherosclerosis

Chronic hypertension
Diuresis ?

Consciousness ?
Skin perfusion ?

+
SvO2? Lactate?

Mean
arterial

pressure INITIAL target = 65 mmHg
then REASSESS



Fluid
challenge

Dobutamine
challenge

Noradrenaline
challenge

THE CHALLENGES
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Not (only) mortality 
as an end-point

New 
therapeutic approaches

The large RCT targeting mortality
in heterogeneous ICU patient populations



The large RCT targeting mortality
in heterogeneous ICU patient populations

RCT



THE IMPORTANCE OF THE 
UNDERLYING DISEASE

and
COMORBIDITIES

CLINICAL TRIALS

END-POINT

MORTALITY



Cognitive
impairment

Hematologic
malignancy

Multicomplicated
diabetes

Metastatic
cancer

Lung
fibrosis

Personal 
preferences

Survival 

Cirrhosis

The importance of comorbidities

COPD

??? ???



> 70 years



In some cases,
death represents 
the person's best interests...



No of
PATIENTS

SEVERITY

Likely
to do well

Likely
to die

THE EFFECTS OF OUR INTERVENTIONS

POSSIBLE
IMPACT



2017



2019

ΔSOFA on day 7 is a useful early 
prognostic marker of 28-day mortality 
and could serve as an endpoint in 
future sepsis trials alongside mortality.

Conclusions:



Better defined (less heterogeneous)
populations

New 
therapeutic approaches

The large RCT targeting mortality
in heterogeneous ICU patient populations



ILLNESSES
Acute myocardial infarction

Stroke
Urinary tract infection

SYNDROMES
ARDS
Sepsis
SIRS

"critically ill"

CLINICAL TRIALS IN THE ICU



SEPSIS

+ organ dysfunction

30 Y/O
diabetes

urinary tract infection

57 Y/O
immunosuppressed

pneumonia
lung transplant

85 Y/O
recent CVA
peritonitis

ruptured colon Ca



GENETIC  
FACTORS

TNF
NO, etc
gender

...

fever
tachycardia

high CO - low SVR
tachypnea

high CRP/PCT
...

diabetes
alcoholism

cancer...

CO-MORBIDITIES

Gram + or -
mixed
fungi

...

SOURCE OF 
INFECTION

SIGNS 
OF SEPSIS

PaO2/FiO2
platelet count

bilirubin
creatinine

GCS

hypotension
oliguria

altered mentation
lactic acidosis

ORGAN 
DYSFUNCTION

pneumonia
peritonitis

UTI
wound infection

...

Monocyte function
(HLA-DR...)

Functional tests...

IMMUNOLOGIC STATUS

MICROBIOLOGY SHOCK

TIME

steroids
statins

β-adrenergic 
agents…

MEDICATIONS

Sepsis heterogeneity
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Harm
"critically ill"

"ARDS"
"sepsis"

High ScvO2
Corticosteroids
Anti-TNF antibodies
Early nutrition
etc.

Control

RANDOMIZATION

CLINICAL TRIALS IN THE ICU

No difference in outcome

Benefit



WE HAVE A BIG PROBLEM

'critically ill'
Sepsis
ARDS
SIRS
AKI
...



HOST RESPONSE

TLR4 inhibitors

NSAID

Statins

Antithrombin
TFPI (tifacogin)
Thrombomodulin

Antioxidants

Immuno
globulins

Anti-TNF strategies
IL-1ra

APC
Talactoferrin

Corticosteroids

Alkaline
phosphatase

Interferon-β

Hemoglobin
solutions

NOS inhibitorsExtracorporeal removal
of mediators

Immunostimulation
IL-7, IL-15, GM-CSF…

Pharmaconutrition
Glutamine
FFA
etc

Gelsolin
Vitamins

adrenomedullin



SOFA score           ?
Lactate                  ?
Mech. Ventilation all

2018

3,800 patients in 4 years



2018

SOFA score             12
Lactate               4 .5 mMol/L
Mech. ventilation    92%

1,241 patients in 6 years



2018

3800 patients in 4 years 1033 patients in 7 years

SOFA score       12
Lactate               4.5 mMol/L

Catechol dose > 15 mcg/min in 45% of patients Norepi dose 1 mcg/kg/min

SOFA score      ?
Lactate              ?



1,950 patients

Septic shock
(including lactate > 2 mEq/L)



Hydrocortisone

3800 patients in 4 years 1033 patients in 7 years
norepi dose < 15 mcg/min in 55% Norepi dose 1 mcg/kg/min

P = 0.42 P = 0.08 P = 0.02



Benefit > harm

Harm > benefit

(hardly any)
difference in outcome

Heterogeneous
population

Corticosteroids

Placebo

RCT



Worse outcome
Harmed by steroids AJRCCM 2015 Feb 1;191(3):309-15. 
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HOST RESPONSE

TLR4 inhibitors

NSAID

Statins

Antithrombin
TFPI (tifacogin)
Thrombomodulin

Antioxidants

Immuno
globulins

Anti-TNF strategies
IL-1ra

APC
Talactoferrin

Corticosteroids

Alkaline
phosphatase

Interferon-β

Hemoglobin
solutions

NOS inhibitorsExtracorporeal removal
of mediators

Immunostimulation
IL-7, IL-15, GM-CSF…

Pharmaconutrition
Glutamine
FFA
etc

Gelsolin
Vitamins

adrenomedullin



1690 patients
11 countries
164 sites



We should not
accept this!

Let us do another clinical trial



PROWESS-SHOCK TRIAL



APC

Va
VIIIa + 

prot S

thrombin

thrombomodulin
EPCR

PAR-1
SphK

S1P

TRAIL
caspase 3

etc

PAI-1

macrophages
CD11b/CD18

EPCR
microparticles

fibrinolytic

anti-coagulant

anti-apoptotic

endothelial protection

cell 
protection

histones

cell
damage

S1P = sphingosine-1-phosphate
KDR = kinase insert domain receptor

KDR

THE COMPLEX MODE OF ACTION OF APC

TLR4

CD8+ 
dendritic cells 



Inclusion Criteria: DIC due to sepsis
Exclusion Criteria:
• Subjects < 18 years of age 
• Known conditions that could confound the diagnosis of DIC due to 

sepsis 
• Known conditions that increase the risk of bleeding 
• Known medical condition associated with a hypercoagulable state 
• Known or suspected severe liver disease 
• History of solid organ (excluding uncomplicated kidney), bone marrow 

or stem cell transplantation 
• Renal failure 

Phase IIb study
(N = 750)

ART-123
ARTISAN studyThrombomodulin



741 patients



• ART-123 treatment effect most evident
• Respiratory or cardiac dysfunction
• INR > 1.40
• Platelets 30 – 150K

Survival Status
ART-123

n (%)
Placebo
n (%)

Total
n (%)

N 80 76 156

Dead 21  (26.3) 29  (38.2) 50  (32.1)

Alive 59  (73.8) 47  (61.8) 106  (67.9)



2019

• Randomized, double-blind, placebo-controlled, phase 3 study 
to assess the safety and efficacy of ART-123 

in patients with sepsis and coagulopathy       
1º efficacy endpoint - 28 day mortality
• Inclusion/Exclusion

• Infection (febrile, known source controlled, WBC)  AND
• Organ dysfunction (CV or pulmonary) AND
• Coagulopathy (INR >1.40 AND thrombocytopenia)

RecomodulinN = 800 patients



2019



THE END OF ‘SEPSIS DRUGS’ ?



Protein C pathway in septic and non-septic patients with organ failure
Borgel et al, Am J Respir Crit Care Med 176: 878-85, 2007
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Thrombomodulin

ORGAN FAILURE
+

DIC 

Patient population

? ?



Low platelet count
Prolonged INR

ALARM SIGNAL
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IMMUNOMODULATION

TLR4 inhibitors

NSAID

Statins

Antithrombin
TFPI (tifacogin)
Thrombomodulin

Antioxidants

Immuno
globulins

Anti-TNF strategies
IL-1ra

APC

Talactoferrin

Corticosteroids

Alkaline
phosphatase

Interferon-β

Hemoglobin
solutions

NOS inhibitorsExtracorporeal removal
of mediators

Immunostimulation
IL-7, IL-15, GM-CSF…

Pharmaconutrition
Glutamine
FFA
etc

Gelsolin





SEPSIS



Blocking one mediator (e.g. TNF) Can be bypassed
(redundant systems)

Neither ‘good’ nor ‘bad’

SEPSIS THERAPIES
OPTION PROBLEM



is not just a pro-inflammatory response
but a dysregulated host response

SEPSIS

SEPSIS



Crit Care Med

2018

Change over time…



A POPULATION OF SEPTIC PATIENTS

TIME

CAP

Trauma VAP

Postop card. surg.       1st inf     2nd inf     3rd inf

Postop peritonitis                  2nd infection

Cardiogenic shock                          Infection

patient 1

patient 2

patient 3

patient 4

patient 5



2016



Transcriptomic analysis of peripheral blood leucocytes 

41 % of patients
Increased mortality rate by about 2.5

No relation with timing since admission
Not suspected from clinical evaluation

SRS1
Immunosuppressed phenotype 

sepsis response signatures 

SRS2

2016



PRO-INFLAMMATORY
RESPONSE

degree of
activation

BASELINE LEVEL

time

+

- ANTI-INFLAMMATORY
RESPONSEinsult

reduced clearance of 
microorganisms

nosocomial infections
fungal infections
viral reactivation

HOST RESPONSE
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Pro-inflammatory
state

Acquired
immunosuppression

Decreased HLA-DR expression
Low lymphocyte count

Very high CRP
High ferritin

Interferon-γ
IL-7

GM-CSF
Anti-PD1

Corticosteroids
Anti-TNF

IL-1ra

Diagnosis

Some therapeutic options



Immune monitoring in sepsis

The characteristics can change rapidly over time

There can be mixed pro- and anti-inflammatory responses

Changes observed in the blood may not reflect
changes in the tissues 

The three hurdles





Sepsis
drug

Individualized

Sepsis therapies ??

Particular phenotype

Sepsis

Specific
drug

One size fits all

DIC
Specific type of organ dysfunction
Elevated biomarker level
Markers of immunosuppression



2019

α 33%
Mortality 5%

β 27%
Mortality 13%

Older
Chronic illness

γ 27%
Mortality 24%
Inflammation

Lung 
dysfunction

δ 13%
Mortality 40%

Liver
alterations

Septic shock



MARS1=worst outcome



mortality rates
Inflammopathic 30%
Adaptive 8% 
Coagulopathic 25% 

2018

Crit Care Med



2021

1437 pts – 25 hospitals

‘mild’respiratoryshock‘baseline’ renal



2019



2021





ARDS



uninflamed

reactive



6 most important classifier variables: 
IL-8, IL-6, protein C, soluble TNFr 1, bicarbonate, vasopressor use.

2020



2020



2016





2017





2014



2018

Time to unassisted breathing



2022

High IL-18
simvastatin
placebo





 Biologic mechanisms in ARDS that may be targeted by various personalizable therapies. 

MSC mesenchymal stromal cells, CFH cell-free hemoglobin, F2-IsoP F2 isoprostanes, APAP acetaminophen

2021



Just a syndrome… 

Sepsis

Extended 
lung infection

AspirationTrauma

Near-drowning



2020



with 
ARDS

at risk of 
ARDS

2019

272 patients (Pittsburgh)



2019

with 
ARDS

at risk of 
ARDS



2021

2499 patients

uninflamed

reactive



2021

It seems more logical simply to label the diseases as they are: 
(pneumococcal, herpes, pancreatitis, etc.) 

This de-lumping’ approach would push our thinking towards truly personalized medicine, 
realizing that not only the etiological treatment but also the appropriate respiratory approach
might well be different in different situations and at different stages of the disease process.



2020



Developing precision medicine approaches will require  
reexamination of the conduct of observational studies and RCTs 

for sepsis and ARDS.

2021



2023



HIGH SEVERITY
TARGET POPULATION

‘SEPSIS’
PHENOTYPING



Tight Glycemic Control, Inflammation, and the ICU: 
Evidence for Heterogeneous Treatment Effects in 2 RCTs

MS. Zinter et al., AJRCCM 2023



Tight Glycemic Control, Inflammation, and the ICU: 
Evidence for Heterogeneous Treatment Effects in 2 RCTs

MS. Zinter et al., AJRCCM 2023



2022



2022



Emphasizing the need to move towards personalized (and even precision) medicine

Chairpersons: Carolyn Calfee (San Francisco, USA) & Antony Gordon (London, UK)

Lieuwe Bos 
(Amsterdam, Netherlands)
Carolyn Calfee
(San Francisco, USA)
Janet Diaz
(San Francisco, USA)
Simon Finfer
(Sydney, Australia)
Tomoko Fujii 
(Tokyo, Japan)
Evangelos Giamarellos 
(Athens, Greece)
Ewan Goligher 
(Toronto, Canada)
Michelle Gong
(New York, USA)
Antony Gordon 
(London, UK)

Edward Schenck 
(New York, USA)
Chris Seymour 
(Pittsburgh, USA)
Manu Shankar-Hari  
(Edinburgh, UK)
Mervyn Singer 
(London, UK)
Fabio S Taccone 
(Brussels, Belgium)
B Taylor Thompson 
(Boston, USA)
Tom van der Poll 
(Amsterdam, Netherlands)
Jean-Louis Vincent 
(Brussels, Belgium)
Fernando Zampieri 
(Sao Paulo, Brazil)

Vincent Liu 
(Oakland, USA)
John Marshall 
(Toronto, Canada)
David Menon 
(Cambridge, UK)
Nuala Meyer 
(Wynnewood, USA)
Sheila Myatra 
(Mumbai, India)
Marlies Osterman 
(London, UK)
Hallie Prescott 
(Ann Arbor, USA)
Adrienne Randolph 
(Boston, USA)

Brussels, March 21-24, 2023





EBM !
We want



Clinical trials

We must encourage clinical trials

To benefit the patients participating in the clinical trial
Through the Hawthorne effect
Through an overall improvement 

of the quality of care

To improve management of future patients



Syndromes vs specific disease
Heterogeneous populations
Rapidly changing physiology
Treatments include multiple interventions

CLINICAL TRIALS IN THE ICU



Do not be negative !

This has not been shown 
to reduce mortality



Targeting mortality

In heterogeneous 
patient populations

Better defined
population

Specific phenotype

Other primary end-point
than mortality

Organ function

The major problems with RCTs
targeting mortality in heterogeneous populations 



Sepsis trials – some interventions
Corticosteroids
Non-steroid anti-inflammatory agents (ibuprofen)
Anti-TNF (antibodies, receptors)
Anti-IL-1 (IL-1ra)
Anti-TLR4 
Bradykinin inhibitors
Interferon
Anti-PAF
Nitric oxide inhibitors
Antioxidants (N-acetylcysteine)
Anti-endotoxin (antibodies, purification)
Alkaline phosphatase
Statins
Activated protein C/Thrombomodulin
TFPI / antithrombin
Levocarnitine
Thymosin alfa 1
Epirubicin
Anti-histones
Traditional Chinese medicines (e.g. Xuebijing)
Vitamins 



What is the aim? Measure

Improve gas exchange Gas exchange

Increase arterial pressure             Arterial pressure 

Correct hypovitaminosis Vitamin levels

Correct endotheliopathy Coagulation markers
Microcirculatory variables

Decrease endotoxin levels Endotoxin levels

Decrease inflammation           Inflammatory markers

CLINICAL TRIALS

Antagonize adrenomedullin Adrenomedullin levels



BETTER PATIENT IDENTIFICATION

http://www.google.be/url?sa=i&rct=j&q=future&source=images&cd=&docid=b6DfkbN66WvrIM&tbnid=9IcKgilALMj6jM:&ved=0CAUQjRw&url=http://www.usrepresented.com/2013/02/01/are-you-for-or-against-future/&ei=ufYwUc63LaehiAfUzoGgBQ&bvm=bv.43148975,d.bmk&psig=AFQjCNE03wes6BKd9NYXkZBJnhEiIN-CuQ&ust=1362249767030050


The 3 P letters of critical care medicine

JL Vincent, Lancet Respir Med 2016



CLINICAL TRIALS IN THE ICU

TIME

2020   2021  2022   2023   2024  2025   2026   2027

STOP

We cannot be too selective....

?

We have enrolled
3000 patients !
(and our study is negative)

2020   2021  2022   2023   2024  2025   2026   2027



ENROLLMENT IN CLINICAL TRIALS
ON NEW SEPSIS THERAPIES

NARROW CRITERIA
Slow enrollment 
(limited number meeting the criteria)
Suboptimal enrollment 

(missed opportunities) 
Limited applicability

(marketing)

WIDE CRITERIA
(noise)

(homogeneity)



ARTIFICIAL INTELLIGENCE
WILL HELP



THE FUTURE EVIDENCE

RCT on well selected patient populations
targeting not only mortality

+
Big data



INDIVIDUALIZE therapy



The evolution of ‘sepsis’ trials
The past The future

Preclinical studies 
Limited data on previously 

healthy animals
made septic (e.g. CLP)

Limited information on the 
pathophysiologic process

Clinical studies 
Patient selection :
Severe infection 
with some degree of organ failure

Treatment dose and duration 
Arbitrarily defined
Primary end-point
28 day mortality

Preclinical studies 
Larger variety of animal studies
Better definition of the pathway of interest
More information on the 

pathophysiologic process
Development of a suitable biomarker

Clinical studies 
Patient selection :
Based on the pathophysiologic process
(ideally guided by a biomarker)

Infection may not be required
Treatment dose and duration 
Individualized 
(ideally guided by the biomarker)
Primary end-point
Morbidity (and mortality)



2019



THANK YOU !
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