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William OslerWilliam Osler

“Except on few 
occasions, the patient 
appears to die from the 
body’s response to infection 
rather than from it …”



Richard PfeifferRichard Pfeiffer

An extract of the cell An extract of the cell 
wall of wall of Vibrio choleraVibrio cholera::

EndotoxinEndotoxin

-- 18941894
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C3H  HeN C3H  HeN 
(Sensitive)(Sensitive)
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CROSSOVER BONE MARROW TRANSPLANTCROSSOVER BONE MARROW TRANSPLANT

+ + LPSLPS

-- Michalek, Michalek, J.Infect.Dis.J.Infect.Dis. 141:55, 1980141:55, 1980



11--
22

22--
33

33--
44

44--
55

55--
66

66--
99

99--
1212

1212
--2

424
2424

--3
636 >3
6

>3
6

O
dd

s 
R

at
io

 fo
r D

ea
th

O
dd

s 
R

at
io

 fo
r D

ea
th

(9
5%

 C
I)

(9
5%

 C
I)

11

1010

100100

Time from Onset of HypotensionTime from Onset of Hypotension
(Hours)(Hours)

--Kumar, Kumar, Crit Care Med 34:1589, 2006Crit Care Med 34:1589, 2006

Impact of Delayed Antibiotic Impact of Delayed Antibiotic 
Therapy on Clinical OutcomeTherapy on Clinical Outcome



Impact of Source Control inImpact of Source Control in
1170 Patients with Sepsis1170 Patients with Sepsis

28 Day Mortality28 Day Mortality
AdequateAdequate Inadequate      p.Inadequate      p.

31.4% 31.4% (303/964)(303/964) 42.7% 42.7% (88/206)(88/206) 0.0030.003

Odds Ratio 0.61 (0.45Odds Ratio 0.61 (0.45--0.83)0.83)



Treatment of infection Treatment of infection 

is is necessarynecessary, but not , but not 

sufficientsufficient, for the , for the 

successful management successful management 

of sepsisof sepsis



NoneNone 3.73.7++0.10.1 3.33.3 ……..
(N=123)(N=123)

Primary InfectionPrimary Infection 7.17.1++1.01.0 19.619.6 0.030.03
(N=56)(N=56)

ICUICU--AcquiredAcquired 11.211.2++1.21.2 23.523.5 0.0020.002
(N=51)(N=51)

Impact of Infection on ICU OutcomeImpact of Infection on ICU Outcome

ICU Stay      MortalityICU Stay      Mortality
Infectious Status       (Days)         Percent     pInfectious Status       (Days)         Percent     p..

-- Marshall & Sweeney Marshall & Sweeney Arch SurgArch Surg 125:17, 1990125:17, 1990



Sepsis ScoreSepsis Score

•• TemperatureTemperature
•• White countWhite count
•• Insulin requirementsInsulin requirements
•• Cardiac output/SVRCardiac output/SVR
•• Change in GCSChange in GCS

•• Each scored 0Each scored 0--33
•• Maximum score 15Maximum score 15
•• Scores calculated dailyScores calculated daily
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PrimaryPrimary ICUICU--AcquiredAcquired
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* p * p <0.001<0.001

-- Marshall & Sweeney Marshall & Sweeney Arch SurgArch Surg 125:17, 1990125:17, 1990

Sepsis Scores in Patients with InfectionSepsis Scores in Patients with Infection



InfectionInfection

PrimaryPrimary 38.138.1 46.746.7 NSNS
ICUICU--AcquiredAcquired 76.276.2 6060 NSNS
NoneNone 14.314.3 13.213.2 NSNS
Pneumonia   Pneumonia   47.647.6 53.353.3 NSNS
PeritonitisPeritonitis 33.333.3 4040 NSNS
BacteremiaBacteremia 42.942.9 2020 NSNS

Sepsis ScoreSepsis Score 7.77.7++0.2         8.90.2         8.9++0.4        <0.010.4        <0.01

% of Patients% of Patients
Survivors  NonSurvivors  Non--Survivors             p.Survivors             p.

Infections in Patients with Sepsis Scores =>7Infections in Patients with Sepsis Scores =>7

-- Marshall & Sweeney Marshall & Sweeney Arch SurgArch Surg 125:17, 1990125:17, 1990



Why did he die?Why did he die?

Uncontrolled infectionUncontrolled infection

Excessive inflammationExcessive inflammation

Immune suppressionImmune suppression

Organ dysfunctionOrgan dysfunction

DeathDeath
SepsisSepsis



Why did he die?Why did he die?

SepsisSepsis

??
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LPS challenge in LPS challenge in 
human volunteers human volunteers 
causes altered causes altered 
expression of 3714 expression of 3714 
distinct genes. distinct genes. 

-- Calvano, Calvano, NatureNature 437:1032, 2005 437:1032, 2005 



Mediators ofMediators of
Lethality in Murine EndotoxemiaLethality in Murine Endotoxemia

CytokinesCytokines ILIL--1, IL1, IL--12, IL12, IL--18 TNF, IFN18 TNF, IFN((, TGF, TGFββ, , LIF,MIF, GLIF,MIF, G--CSF, CSF, 
HMGBHMGB--1, MIP1, MIP--11αα, , MFPMFP--14, LBP, PTH14, LBP, PTH--RPRP
ILIL--1ra, IL1ra, IL--4, IL4, IL--10, IL10, IL--13, IFN13, IFNαα, , HGF, LIF, CRP, MCPHGF, LIF, CRP, MCP--1, 1, 
BPI, CAP18, TSGBPI, CAP18, TSG--14, VLDL, VIP, C3, C4, melatonin14, VLDL, VIP, C3, C4, melatonin

ReceptorsReceptors TNFr p55, ILTNFr p55, IL--1r, PAFr, LECAM1r, PAFr, LECAM--1, TREM1, TREM--1, LDLr, 1, LDLr, 
CD11a, CD14CD11a, CD14
VIPr, Adenosine A3rVIPr, Adenosine A3r

NonNon--proteinsproteins PAF, PLAPAF, PLA22
Vitamin B12, Vitamin D3Vitamin B12, Vitamin D3

Signal Signal hck, COXhck, COX--2, p38, jnk, NF2, p38, jnk, NFκκB, iNOS, caspaseB, iNOS, caspase--33
transductiontransduction Stat4, Stat6, IStat4, Stat6, IκκB, HSP70, hemoxygenaseB, HSP70, hemoxygenase

CoagulationCoagulation PAI 1, Tissue FactorPAI 1, Tissue Factor
FactorsFactors TFPI, APCTFPI, APC

-- Marshall Marshall Nature Rev Drug Disc  Nature Rev Drug Disc  2:391, 20032:391, 2003



TLR2TLR2 Lipoteichoic acid, bacterial Lipoteichoic acid, bacterial 
lipoprotein, lipoprotein, Injured tissueInjured tissue

TLR3TLR3 DoubleDouble--stranded RNAstranded RNA
TLR4TLR4 Endotoxin, Endotoxin, elastase, heparan, elastase, heparan, 

HSP60, oxidized phospholipidsHSP60, oxidized phospholipids
TLR5TLR5 FlagellinFlagellin
TLR6TLR6 MycoplasmaMycoplasma lipopeptidelipopeptide
TLR7TLR7 Imiquod, viral DNAImiquod, viral DNA
TLR8TLR8 Viral DNA, singleViral DNA, single--strand RNAstrand RNA
TLR9TLR9 Bacterial DNABacterial DNA

TollToll--like Receptorslike Receptors



TLR4TLR4 CD14CD14
EndotoxinEndotoxin

IRAKIRAKMyD88MyD88
TRAF2TRAF2

NFkBNFkB

MAP Kinases:  MAP Kinases:  Erk, p38, JnkErk, p38, Jnk
PI3 KinasePI3 Kinase

ProPro--inflammatory genes:inflammatory genes:
ILIL--1, TNF1, TNF

PAF, Nitric oxide, PAF, Nitric oxide, 
CoagulationCoagulation

Tissue ischemia,Tissue ischemia,
Cell necrosis, Cell necrosis, 

ApoptosisApoptosis



??????



30 Day Mortality

Control 38.4%

Methylprednisolone 11.6%

Dexamethasone 9.3%

- Shumer, Ann Surg 184:333, 1976

Corticosteroids Reduce Mortality
in Septic Shock (N=172)



Effect of J5 AntiEffect of J5 Anti--serum in Gram serum in Gram 
Negative BacteremiaNegative Bacteremia (N=304)(N=304)

Positive blood cultures       38%        24%      0.041Positive blood cultures       38%        24%      0.041

Hypotension                Hypotension                52%        32%      0.02852%        32%      0.028

Shock                              Shock                              76%        46%      0.00976%        46%      0.009

Placebo      J5          p.Placebo      J5          p.

MortalityMortality

-- Ziegler, Ziegler, N.Engl.J.Med.N.Engl.J.Med. 307:1225, 1982307:1225, 1982
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TLR4 AntagonistsTLR4 Antagonists E5564 (Eisai)E5564 (Eisai)
OthersOthers

CD14 AntagonistsCD14 Antagonists IC14IC14

AntiAnti--LPS StrategiesLPS Strategies Antibodies:Antibodies:
J5, HAJ5, HA--1A, E51A, E5

rBPIrBPI2121

Polymyxin B dextranPolymyxin B dextran
HDL, taurolidineHDL, taurolidine
Alkaline phosphataseAlkaline phosphatase
Lipid emulsionLipid emulsion
Extracorporeal removalExtracorporeal removal

Therapies Targeting EndotoxinTherapies Targeting Endotoxin
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Neutralization of ProNeutralization of Pro--InflammatoryInflammatory
Cytokines in SepsisCytokines in Sepsis

InterleukinInterleukin--1 Receptor Antagonist      1 Receptor Antagonist      
3 Studies; 1688 patients3 Studies; 1688 patients

28 Day Mortality28 Day Mortality
Odds Ratio:   0.80 (0.65Odds Ratio:   0.80 (0.65--0.99)0.99)

p=0.04p=0.04



AntiAnti--TNF AntibodiesTNF Antibodies
8 Studies; 6500 patients8 Studies; 6500 patients

28 Day Mortality28 Day Mortality
Odds Ratio:    0.93 (0.87Odds Ratio:    0.93 (0.87--0.99)0.99)

p=0.02p=0.02

Neutralization of ProNeutralization of Pro--InflammatoryInflammatory
Cytokines in SepsisCytokines in Sepsis



TLR4TLR4 CD14CD14
EndotoxinEndotoxin

IRAKIRAKMyD88MyD88
TRAF2TRAF2

NFkBNFkB

MAP Kinases:  Erk, p38, JnkMAP Kinases:  Erk, p38, Jnk
PI3 KinasePI3 Kinase

ProPro--inflammatory genes:inflammatory genes:
ILIL--1, TNF1, TNF

PAF, Nitric oxide, PAF, Nitric oxide, 
CoagulationCoagulation

Tissue ischemia,Tissue ischemia,
Cell necrosis, Cell necrosis, 

ApoptosisApoptosis



Day of Study

Pe
rc

en
t S

ur
vi

vi
ng

0

20

40

60

80

100

0                 7                 14              21          0                 7                 14              21          2828

PlaceboPlacebo

LL--NMMANMMAp<0.001p<0.001
WilcoxonWilcoxon

Effects of LEffects of L--NMMA on SurvivalNMMA on Survival
in Septic Shockin Septic Shock

-- Lopez, Lopez, Crit Care MedCrit Care Med 32:21, 200432:21, 2004
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-- Lopez, Lopez, Crit Care MedCrit Care Med 32:21, 200432:21, 2004
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Annane D Annane D BMJBMJ 2004;329:4802004;329:480

Corticosteroids in Septic Shock:Corticosteroids in Septic Shock:
A MetaA Meta--analysisanalysis



0.6              0.7              0.8              0.9          0.6              0.7              0.8              0.9          1.0               1.1              1.2             1.31.0               1.1              1.2             1.3

Experimental Agent Better                      Placebo BetterExperimental Agent Better                      Placebo Better

AntiAnti--TNF AntibodiesTNF Antibodies
10 Trials;  6821 Patients10 Trials;  6821 Patients

AntiAnti--endotoxin Therapyendotoxin Therapy
9 trials;  3057 Patients9 trials;  3057 Patients

ILIL--1ra1ra
3 Trials;  1688 Patients3 Trials;  1688 Patients

Intravenous immune globulinIntravenous immune globulin
20 Trials;  2621 Patients20 Trials;  2621 Patients

Activated Protein C; All PatientsActivated Protein C; All Patients
2 Trials 4303 Patients2 Trials 4303 Patients

Activated Protein C;  Patients with MOFActivated Protein C;  Patients with MOF
2 Trials;  2133 Patients2 Trials;  2133 Patients

Adjuvant Therapy in SepsisAdjuvant Therapy in Sepsis



But But ……
•• Impact is modestImpact is modest

•• Indications for use poorly Indications for use poorly 
defineddefined



Sepsis SyndromeSepsis Syndrome
(Bone et al; 1987)(Bone et al; 1987)

Suspected or proven infection, in Suspected or proven infection, in 
association with:association with:

•• TachycardiaTachycardia
•• TachypneaTachypnea
•• HyperHyper-- or hypothermiaor hypothermia
•• Dysfunction of one or more organsDysfunction of one or more organs



Sepsis Syndrome Sepsis Syndrome 

•• 24 year old man with penetrating 24 year old man with penetrating 
injury to coloninjury to colon

•• 86 year old woman with CHF and 86 year old woman with CHF and 
Enterococcal UTIEnterococcal UTI

•• 51 year old man with COPD 51 year old man with COPD 
exacerbation; exacerbation; CandidaCandida in sputumin sputum



An Alternate Model for Sepsis ResearchAn Alternate Model for Sepsis Research

•• A generic clinical phenotypeA generic clinical phenotype

•• TherapyTherapy--specific entry criteriaspecific entry criteria

•• Severity stagingSeverity staging



An Alternate Model for Sepsis ResearchAn Alternate Model for Sepsis Research

•• A generic clinical phenotypeA generic clinical phenotype

•• TherapyTherapy--specific entry criteriaspecific entry criteria

•• Severity stagingSeverity staging



What is the Clinical What is the Clinical 
Phenotype?Phenotype?

•• Elevated heart rateElevated heart rate
•• Rapid respiratory rateRapid respiratory rate
•• Temperature changesTemperature changes
•• Altered white cell countAltered white cell count



The Cardinal SignsThe Cardinal Signs
of Inflammationof Inflammation

•• RuborRubor
•• CalorCalor
•• DolorDolor
•• TumorTumor
•• Functio laesaFunctio laesa

Galen of PergamonGalen of Pergamon
129 129 –– 210 AD210 AD



Rubor Rubor Hypotension, oliguriaHypotension, oliguria

CalorCalor FeverFever

Dolor      Dolor      Confusion, drowsiness, painConfusion, drowsiness, pain

Tumor    Tumor    Edema, dyspneaEdema, dyspnea

Functio laesaFunctio laesa Organ dysfunction, Organ dysfunction, 
coagulopathycoagulopathy



An Alternate Model for Sepsis ResearchAn Alternate Model for Sepsis Research

•• A generic clinical phenotypeA generic clinical phenotype

•• TherapyTherapy--specific entry criteriaspecific entry criteria

•• Severity stagingSeverity staging



Median (pg/ml)     RangeMedian (pg/ml)     Range

TNFTNF 8383 7 7 –– 57,15157,151

ILIL--66 965965 8 8 –– 1,553,4351,553,435

ILIL--88 21302130 16 16 –– 651,338651,338

Cytokine Levels in Human SepsisCytokine Levels in Human Sepsis

-- MONARCS, UnpublishedMONARCS, Unpublished



An Alternate Model for Sepsis ResearchAn Alternate Model for Sepsis Research

•• A generic clinical phenotypeA generic clinical phenotype

•• TherapyTherapy--specific entry criteriaspecific entry criteria

•• Severity stagingSeverity staging



Cancer staging Cancer staging 
stratifies by:stratifies by:

•• PrognosisPrognosis

•• Potential to Potential to 
respond to respond to 
treatmenttreatment



Inflammatory           OrganInflammatory           Organ
Insult              Response        DysfunctionInsult              Response        Dysfunction

Infection          Adaptive   Injurious         InflammationInfection          Adaptive   Injurious         Inflammation
Injury, IschemiaInjury, Ischemia IatrogenicIatrogenic



•• Histologically confirmed, completely Histologically confirmed, completely 
excised breast cancerexcised breast cancer

•• Her2 overexpression by Her2 overexpression by 
immunohistochemistry or FISH immunohistochemistry or FISH 

•• Tumor >1 cm; node positive or node Tumor >1 cm; node positive or node 
negative negative 

-- Romond, Romond, N Engl J Med 353:1673, 2005N Engl J Med 353:1673, 2005



Trastuzumab Improves Disease-Free 
Survival in HER2 Positive Breast Cancer

- Slamon, N Engl J Med 344:783, 2001

http://content.nejm.org.myaccess.library.utoronto.ca/content/vol344/issue11/images/large/01f1.jpeg


The PIRO ConceptThe PIRO Concept

•• PredispositionPredisposition
•• InsultInsult
•• ResponseResponse
•• Organ dysfunctionOrgan dysfunction

-- Crit Care Med 31:1250, 2003Crit Care Med 31:1250, 2003



Effects of Neutralization of TNF with MAK 195FEffects of Neutralization of TNF with MAK 195F
on 28 Day Allon 28 Day All--cause Mortalitycause Mortality
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““Genetic and environmental influences Genetic and environmental influences 
on premature death in adult adopteeson premature death in adult adoptees””

-- Sorensen TI et al; Sorensen TI et al; N Engl J MedN Engl J Med 318:727, 1988 318:727, 1988 

•• 960 Danish families960 Danish families
•• Children born 1924 Children born 1924 –– 19261926
•• Early adoption into biologically Early adoption into biologically 

unrelated familyunrelated family
•• Early deaths in children and parentsEarly deaths in children and parents



Risk of Death:  Risk of Death:  
Cause of Death of Biologic ParentCause of Death of Biologic Parent

RRRR 95% CI95% CI

All causesAll causes 1.711.71 1.14 1.14 –– 2.572.57
Natural causesNatural causes 1.981.98 1.25 1.25 –– 3.123.12
InfectionInfection 5.815.81 2.47 2.47 –– 13.713.7
CardiovascularCardiovascular 4.524.52 1.32 1.32 –– 15.415.4
CancerCancer 1.191.19 0.16 0.16 –– 8.998.99

-- Sorensen et al Sorensen et al N Engl J MedN Engl J Med 318:727, 1988318:727, 1988
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**

The TNF The TNF --308A/G Polymorphism Modifies308A/G Polymorphism Modifies
the Response to Antithe Response to Anti--TNF TherapyTNF Therapy

-- Maxwell, Maxwell, Hum Mol GenetHum Mol Genet 17:3532, 200817:3532, 2008



Absolute Risk Reduction (%)Absolute Risk Reduction (%)
-40 -20 0 20 40 60

S. pneumoniaeS. pneumoniae

Grp. B Strep.Grp. B Strep.

S. aureusS. aureus

CLPCLP

E. coliE. coli

LPSLPS N=256N=256

N=56N=56

N=23N=23

N=14N=14

N=10N=10

N=21N=21

Influence of Infectious Challenge onInfluence of Infectious Challenge on
Response to Neutralization of TNFResponse to Neutralization of TNFαα

-- Lorente & Marshall, Lorente & Marshall, ShockShock 24 (Suppl):107, 200524 (Suppl):107, 2005



Absolute Risk Reduction (%)Absolute Risk Reduction (%)
--4040 --3030 --2020 --1010 00 1010 2020 3030

M. tuberculosisM. tuberculosis

ListeriaListeria

CandidaCandida

SalmonellaSalmonella N=11N=11

N=14N=14

N=10N=10

N=11N=11

-- Lorente & Marshall, Lorente & Marshall, ShockShock 24 (Suppl):107, 200524 (Suppl):107, 2005



S. aureusS. aureus

S. pneumoniaeS. pneumoniae

E. coliE. coli

Other GramOther Gram
negativesnegatives

Response to Drotrecogin Response to Drotrecogin αα byby
Causative OrganismCausative Organism

Opal et al; Opal et al; Clin Infect Dis 37:50, 2003Clin Infect Dis 37:50, 2003
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Impact of Organ DysfunctionImpact of Organ Dysfunction
on Response to Antibioticson Response to Antibiotics

ICU MortalityICU Mortality
Adequate   Inadequate      p.Adequate   Inadequate      p.

LOD > 4LOD > 4
(N=72)(N=72) 21/36 (59%)     20/36 (56%)      0.8121/36 (59%)     20/36 (56%)      0.81

LODLOD << 44
(N=70)          2/27  (7%)      16/43 (37%)(N=70)          2/27  (7%)      16/43 (37%) 0.0060.006

-- ClecClec’’h, h, Intensive Care Med Intensive Care Med 30:1327, 2004 30:1327, 2004 



* p=0.003;* p=0.003;
OR 0.51 (0.32OR 0.51 (0.32--0.80)0.80)

Baseline MOD ScoreBaseline MOD Score
00--44 55--88 99--1212 1313--1616 1717--2020 2121--2424

28
 D

ay
 M

or
ta

lit
y 

(P
er

 c
en

t)
28

 D
ay

 M
or

ta
lit

y 
(P

er
 c

en
t)

00

2020

4040

6060

8080

100100

PlaceboPlacebo
AfelimomabAfelimomab

**

AntiAnti--TNF is Most Efficacious inTNF is Most Efficacious in
Patients without Organ DysfunctionPatients without Organ Dysfunction



The Next AntiThe Next Anti--TNF TrialTNF Trial

P:P: --308A promoter polymorphism308A promoter polymorphism

I:I: Acutely ill patient, exclude patients Acutely ill patient, exclude patients 
with fungal infection or CAPwith fungal infection or CAP

R: R: Elevated ILElevated IL--66

0:0: MOD/SOFA Score MOD/SOFA Score << 88





Polymorphisms in the Hemoglobin Gene Polymorphisms in the Hemoglobin Gene 
Arise in Regions Where Malaria is EndemicArise in Regions Where Malaria is Endemic



Sepsis is the Leading Cause Sepsis is the Leading Cause 
of Preventable Deathof Preventable Death

•• Infection in the developed worldInfection in the developed world
•• TuberculosisTuberculosis
•• MalariaMalaria
•• Childhood diarrheaChildhood diarrhea
•• HIV/AIDSHIV/AIDS





A global program to reduce A global program to reduce 
mortality rates in severe sepsismortality rates in severe sepsis

ESICM, ISF and SCCMESICM, ISF and SCCM

Partially funded by unrestricted educational grants Partially funded by unrestricted educational grants 
from Baxter, Edwards, Philips and Lillyfrom Baxter, Edwards, Philips and Lilly



-- Crit Care MedCrit Care Med 32:858, 200432:858, 2004



•• Global process change initiative Global process change initiative 
based on based on ““sepsis bundlessepsis bundles””

•• 15,022 patients enrolled15,022 patients enrolled

•• 7% absolute, 5.4% relative mortality 7% absolute, 5.4% relative mortality 
reduction (p<0.001)reduction (p<0.001)

Surviving Sepsis Surviving Sepsis 
CampaignCampaign



•• International large, unbiased natural International large, unbiased natural 
history studieshistory studies

•• Clinical and biochemical Clinical and biochemical 
characterizationcharacterization

•• Extensive interdisciplinary Extensive interdisciplinary 
collaborationcollaboration

•• Industry and peer review funding Industry and peer review funding 

The FutureThe Future



Thank  Thank  
you!!you!!
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