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Problematic 

 

« One of the great disappointments during the 
past 30 years has been the failure to convert 

advances in our understanding of the 
underlying biologic features of sepsis into 

effective new therapies. » 

D. Angus - NEJM - 2013 2 



D.M. Kent - JAMA - 2007 3 

Heterogeneity of 
treatement reponse  

T.J. Iwashyna - AJRCM - 2015 



4 

M. Singer - JAMA – 2016 
M. Shankar - JAMA - 2016 



5 A. Perner - ICM - 2017 
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Cluster Analysis 
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Cluster Analysis 
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Cluster Analysis 
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Cluster Analysis 
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1st step:  Multiple correspondence analysis 

    Ascending hierachical clustering  analysis 

 

2nd step:  Cluster description with odd ratio  

    Outcomes 

 

3th step:  Validation 

Cluster Analysis 
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Underlying  conditions Source & Micro-organism Host reponse Organ failures 

Age 
Sex 
Weight 
Malnutrition 
Alcohol abuse 
Not complicated diabetes 
Complicated diabetes 
Chronic heart failure 
Chronic kidney disease 
Liver cirrhosis 
COPD 
Solide tumor 
Hematological malignacy 
HIV/AIDS/Transplant 
Chronic steroid therapy 
Charlson score 

Medical admission 
Unscheduledsurgery 
Scheduledsurgery 
Infection site 
Infection micro-organisms 
Bacteremia 
Nosocomial 
MDRO 

Myocardial dysfunction 
Cardiac arrest befor admission 
Hyperglycemia 
Hypoglycemia 
New atrial fibrillation 
Recurent atrial fibrialation 
Respiratory rate 
Blood pressure 
Sodium blood level 
Potassium blood level 
Hematocric 
Prothrombine tiem 
Leucocyte 
Fluid replacement >50ml/kg 

Hemodynamic failure 
Neurologic failure 
Renal failure 
Coagulation failure 
Liver failure 
Blood lactate level 

Cluster Analysis 
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Variable 

  

Total 

n=6,046 

Age, median [IQR] 65.1 [52.7-76.2] 

Male, n (%) 3763 (62%) 

Septic shock, n (%) 3479 (58%) 

Admission category, n (%) 

  - Medical 4848 (80%) 

  - Unscheduled surgery 943 (16%) 

  - Scheduled surgery 255 (4%) 

In the first two days of ICU stay:  

  - SOFA score, median [IQR] 6 [4-9] 

  - SAPSS II score, median [IQR]  46 [34-60] 

  - Mechanical ventilation, n (%) 3552 (59%) 

  - Renal replacement therapy, n (%) 635 (11%) 

Mortality at 28 days  1442 (24%) 

Mortality at 1 years  2097 (35%) 

-> All Sepsis 3,0 
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Variable 

  

Total 

n=6,046 

Age, median [IQR] 65.1 [52.7-76.2] 

Male, n (%) 3763 (62%) 

Septic shock, n (%) 3479 (58%) 

Admission category, n (%) 

  - Medical 4848 (80%) 

  - Unscheduled surgery 943 (16%) 

  - Scheduled surgery 255 (4%) 

In the first two days of ICU stay:  

  - SOFA score, median [IQR] 6 [4-9] 

  - SAPSS II score, median [IQR]  46 [34-60] 

  - Mechanical ventilation, n (%) 3552 (59%) 

  - Renal replacement therapy, n (%) 635 (11%) 

Mortality at 28 days  1442 (24%) 

Mortality at 1 years  2097 (35%) 

-> Test set (n=4050) 
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Variable Pulmonary 

sepsis 

n=1,603 

COPD 

exacerbation 

n=243 

Surgical 

sepsis 

n=623 

Meningo-

encephalitis 

n=149 

Immunocompromised 

patients 

n=338 

Extra-

respiratory 

chronic 

diseases 

n=1,094 

P-Value 

Baseline characteristics *               

Admission before 2008, n (%) 841 (52%) 135 (56%) 365 (59%) 79 (53%) 134 (40%) 454 (41%) <.001 

SOFA score at admission, median [IQR] 5 [3-7] 4 [2-6] 6 [4-9] 5 [3-8] 7 [5-10] 8 [5-11] <.001 

Septic shock, n (%) 714 (44%) 68 (28%) 470 (75%) 58 (39%) 204 (60%) 799 (73%) <.001 

Outcomes               

28-day mortality  279 (17%) 37 (15%) 150 (24%) 27 (18%) 105 (31%) 384 (35%) <.001 

90-day mortality 376 (23%) 42 (18%) 206 (33%) 37 (25%) 135 (40%) 470 (43%) <.001 

1-year mortality  406 (25%) 46 (19%) 217 (35%) 40 (27%) 154 (46%) 503 (46%) <.001 

ICU stay (days), median [IQR] 7 [4-15] 7 [4-12] 9 [5-18] 10 [5-16] 5 [3-12] 8 [4-15] <.001 

Hospital stay (days), median [IQR] 21 [11-38] 19 [12-31] 31 [17-54] 23 [15-41] 26 [12-43] 21 [11-38] <.001 

Ventilator-free days (days), median [IQR] 23 [6-28] 28 [16-28] 20 [1-26] 20 [3-28] 22.5 [3-28] 18 [1-28] <.001 

Catecholamine-free days (days), median [IQR] 28 [23-28] 28 [25-28] 25 [14-28] 28 [24-28] 26 [8-28] 24 [5-28] <.001 

Renal replacement therapy before 28-day, n(%) 364 (23%) 40 (16%) 236 (38%) 37 (25%) 152 (45%) 557 (51%) <.001 

Organ system failure-free days (days), median 

[IQR] 

19 [1-24] 21 [10-24] 15 [0-23] 17 [1-23] 18 [0-24] 11 [0-22] <.001 

Outcomes 

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; ICU = intensive care unit; IQR = interquartile range 

Free days were censored at 28 days; A ventilator-free day refer to a day without invasive or non-invasive mechanical ventilation or 

death; A catecholamine-free day refer to a day without to vasoactive or inotropic agent or death; An organ system failure-free day 

refer to a day without SOFA score upper zero or death; 

P- values were obtained by Analysis of variance or Chi-2 test.  
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-> All Sepsis 3.0 
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-> Septic Shock 
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Variable Pulmonary 

sepsis 

n=1,603 

COPD 

exacerbation 

n=243 

Surgical 

sepsis 

n=623 

Meningo-

encephalitis 

n=149 

Immunocompromised 

patients 

n=338 

Extra-

respiratory 

chronic 

diseases 

n=1,094 

P-Value 

Baseline characteristics *               

Admission before 2008, n (%) 841 (52%) 135 (56%) 365 (59%) 79 (53%) 134 (40%) 454 (41%) <.001 

SOFA score at admission, median [IQR] 5 [3-7] 4 [2-6] 6 [4-9] 5 [3-8] 7 [5-10] 8 [5-11] <.001 

Septic shock, n (%) 714 (44%) 68 (28%) 470 (75%) 58 (39%) 204 (60%) 799 (73%) <.001 

Outcomes               

28-day mortality  279 (17%) 37 (15%) 150 (24%) 27 (18%) 105 (31%) 384 (35%) <.001 

90-day mortality 376 (23%) 42 (18%) 206 (33%) 37 (25%) 135 (40%) 470 (43%) <.001 

1-year mortality  406 (25%) 46 (19%) 217 (35%) 40 (27%) 154 (46%) 503 (46%) <.001 

ICU stay (days), median [IQR] 7 [4-15] 7 [4-12] 9 [5-18] 10 [5-16] 5 [3-12] 8 [4-15] <.001 

Hospital stay (days), median [IQR] 21 [11-38] 19 [12-31] 31 [17-54] 23 [15-41] 26 [12-43] 21 [11-38] <.001 

Ventilator-free days (days), median [IQR] 23 [6-28] 28 [16-28] 20 [1-26] 20 [3-28] 22.5 [3-28] 18 [1-28] <.001 

Catecholamine-free days (days), median [IQR] 28 [23-28] 28 [25-28] 25 [14-28] 28 [24-28] 26 [8-28] 24 [5-28] <.001 

Renal replacement therapy before 28-day, n(%) 364 (23%) 40 (16%) 236 (38%) 37 (25%) 152 (45%) 557 (51%) <.001 

Organ system failure-free days (days), median 

[IQR] 

19 [1-24] 21 [10-24] 15 [0-23] 17 [1-23] 18 [0-24] 11 [0-22] <.001 

Outomes 

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; ICU = intensive care unit; IQR = interquartile range 

Free days were censored at 28 days; A ventilator-free day refer to a day without invasive or non-invasive mechanical ventilation or 

death; A catecholamine-free day refer to a day without to vasoactive or inotropic agent or death; An organ system failure-free day 

refer to a day without SOFA score upper zero or death; 

P- values were obtained by Analysis of variance or Chi-2 test.  

How to assign a new patient into clusters with 
only available data at ICU admission ? 



Algorithme de CART « Classification and Regression Trees » 
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Binary tree performance evaluated in test set 
using percentage of patients assigned well 
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Response to specific therapy ? 
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Response to specific therapy ? 
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Avantage 

Large multicenter study 

Sepsis 3.0  

Easy to collect immeditly available variables 

Independent external validation 

 

Limitation 

Lack of data about adaptative and innate immune system  

 



31 C.D. Russell – Current Opinion in Systems Biology - 2017 

Phenotype or Genotype ? 

B.P. Scicluna - LRM - 2017 
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- 6 very different clusters identifiable with 6 discrimitating variables 
available at admission 

 

- These clusters clearly differed in outcome  

 

- Independent of gravity at admission 

 

- Low impact of organ failure on characterization of clusters 

 

- Consider these clusters in stratification or in selection criteria of 
population in clinical trials may reduce uncontrolled differences in 
patient’s outcome 
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Classification hiérarchique  ascendante 

 Principe généraux 

 Distances et Indices de similarité  

 Choix du nombre de cluster   

 Cas particulier des variables qualitatives 

 Interprétation des classes 

 

Population 

 

Variables utilisées dans la classification 

 

 

Matériel et Méthodes 

34 



Classification hiérarchique ascendante (1) 

F.Husson 
35 



Classification hiérarchique ascendante (2) 

36 
F.Husson 



Classification hiérarchique ascendante (3) 

F.Husson 



 

Ressemblance entre individus: 
 Distance euclidienne  

 Indice de Jaccard 

 …… 

 

Ressemblance entre groupes d’individus: 
 Saut minimum ( la plus petite distance) 

 Saut maximum (la plus grande distance) 

 Distance moyenne  

 Indice de Ward  

 

 

Distance et indice de similarité  

38 



 

Méthode de Ward 
 - A chaque étape : regroupe les individus/groupes qui minimise la  diminution de la 
variabilité interclasse  

 - Basée sur le théorème de Huygens : 

 ( Variabilité Totale = Variabilité InterClasse + Variabilité IntraClasse) 

 - Nécessite des distances euclidiennes  

  

Avantage: 

 - Regroupe les objets de faibles poids  

 - Moins sensible au bruit 

   

Méthode de Ward  

39 R. Griffiths – Journal of 
Documentation - 1984 



Gestion des variables catégorielles 
1er temps: Analyse en composantes multiples 

 

2nd temps: Classification Hiérarchique Ascendante sur les 
coordonnées des dimensions de l’Analyse en composantes multiples 

 

 

 

Package FactomineR 40 



Gestion des variables qualitatives 
Avantage: 
 Limite le temps de calcul  
 Concentre l’information sur les premières dimensions  
 Représentation des arbres et des classes sur un plan factoriel  

Possible si les deux méthodes utilisent des distances euclidiennes 
 
 

 

41 Package FactomineR 



Choix des classes:  
  

Démarche descendante: 

 Gain d’inertie  

 

 Nombres Cluster / Individus 

 

 Allure générale de l’arbre 

 

 Interprétabilité des classes 
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