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Why the need a new definition ? 



Issues with the 1991 and 2001 Definitions 

 SIRS – based 
 

 “Severe Sepsis” is 

problematic 
 

 Different assessment 

criteria yield different 

results 



Am J Respir Crit Care Med 2015; 192:958-964 

SIRS Sensitivity 

SIRS is an appropriate response to infection – or 

any other stimulus that activates inflammation 



Sepsis/Severe Sepsis 

Confusing 
 
 Most people say “sepsis” when they 

mean “severe sepsis” 
  

 What the initial two task forces called 

“sepsis” is  what most people call 

“infection” 



Crit Care Med 2013; 41: 1167-1174 

900K – 3.1 Mil 250K – 375K 

Different Criteria, Different Results 

Four different ways to code for sepsis; four different sets of results 



Mortality from septic shock 
 
 

 Australia – 22% 
 

 Kaukonen et al, 2014 
 
 

 Germany – 60.5% 
 

 Heublein et al, In press 
 
 

 The Netherlands – 60% 
 

 Klein-Klouwenberg et al, 2012 

Different Criteria, Different Results 



Increased Understanding of Sepsis 
Pathobiology 

 More than just unimpeded inflammation 
 
 
 

 Key role of immunosuppression 
 
 
 

 Contribution of non-immune mechanisms 
 
 
 

 Possible adaptive nature of organ dysfunction – hibernation 
 
 
 

 Re-appraisal of the nature of septic shock 
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What are the new definitions ? 



Per the Merriam – Webster English Dictionary: 
 

Definition 
 

 “a statement expressing the essential nature of something” 
 

or, more generically, 
 

 “a statement that describes what something is” 
 
 
 
 
 

A definition therefore requires an understanding of the 

pathobiology of the disorder .. 
 

.. which, for sepsis, is at best incomplete 

Definitions 



Sepsis is life-threatening organ dysfunction caused 

by a dysregulated host response to infection 

The Definition of Sepsis 



More problematic 
 

 Is septic shock sepsis where the dysfunctional organ is the 

cardiovascular system ? 
 

 Task force opinion - NO 
 

Also involves cellular/metabolic abnormalities 
 

 
 

What distinguishes septic shock from sepsis ? 
 

 Treatment ? 
 

NO. Management is the same 
 

Pathobiology ? 
 

Maybe … but at this time not known 

The Definition of Septic Shock 



 What tangibly differentiates septic shock from sepsis ? 
 

  MORTALITY 
 

o Septic shock is “really, really, really bad” sepsis 
 
 
 
 
 

Septic shock is a subset of sepsis in which 

profound circulatory, cellular and metabolic 

abnormalities are associated with a greater risk 

of mortality than with sepsis alone 

The Definition of Septic Shock 



 Advantages 
 

 Incorporates most up-to-date thinking on sepsis 

pathobiology 
 

Provides closest approximation possible to describing 

“what sepsis is” 
 

 Concerns 
 

Of limited practical utility as they contain elements that 

cannot be clinically identified 
 

 “organ dysfunction” 
 

 “dysregulated host response” 

Sepsis Definitions 



What is qSOFA ? 
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What is sepsis ? 

Life threatening organ dysfunction caused by a 

dysregulated host response to infection. 



A life threatening organ dysfunction caused by a 

dysregulated host response to 
 

infection. 

What is sepsis ? 

1 2 

who is really sick? 

Among patients with 

suspected infection, 



What is sepsis ? 

All the patients you see.. 

Infected 
Septic 

 
 
 

Really 

sick 



Challenges 
 

 
 
 
 
 

 How to identify infection ? 
 

 
 
 
 
 

 What clinical criteria to study ? 
 

 
 
 
 
 

 How to identify who is “really sick” ? 



What data sources to use ? 

 Derivation - 1.3 million EHR records from UPMC 
 
 
 
 

 Validation – almost 6 million records 
 

 KPNC 
 

 VA 
 

 “ALERTS” database from Germany 
 

 Kings County (Seattle) EMS 



 First episode of cultures, antibiotics 
 

 Derivation - 1.3 million EHR records from UPMC 
 

 148,000 with suspected infection 
 

 Validation – almost 6 million records 
 

 KPNC 
 

 VA 
 

 “ALERTS” database from Germany 
 

 Kings County (Seattle) EMS 
 

 > 700,000 with suspected infection 

How to identify infection ? 



What clinical criteria to study ? 

 SIRS 
 

 0-4 points 

 Temp, HR, RR, WBC count 
 

 SOFA 
 

 0-24 points 

 13 variables, clinical labs, therapeutic data 
 

 LODS 
 

 0-22 points 

 Similar to SOFA 



How to identify who is “really sick” ? 

“Really sick” is a proxy 
 

More common among infected 

patients who are septic than those 

who are not 

Infected 

Really 

sick 

Sepsis is “life threatening organ 

dysfunction caused by a dysregulated 

host response to infection” 
 

But that can’t be measured clinically 

Infected 

Septic 



How to identify who is “really sick” ? 

Infected 

Septic 

Infected 

Really 

sick 

 Possible Proxies 
 

Clinical review committees 
 

Death in the hospital 
 

Prolonged stay in the ICU 
 

Discharge diagnosis of sepsis 
 

Positive microbiologic cultures 



Distribution of existing criteria 
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Developing new criteria 

 Focus on timeliness, ease of use 
 

Studied 21 variables from Sepsis-2 
 

Multivariable logistic regression for in-hospital mortality 
 

 UPMC EHR as derivation dataset 
 

Respiratory rate ≥ 22 bpm 

Altered mentation 
 

 
 

Systolic blood pressure ≤ 100 mmHg 
 

 
 
 
 

 Validated with EHR data - KPNC, VA, KC (Seattle) EMS, “ALERTS” (Germany) 



Assessment of criteria 

0.64 (0.62, 

0.66) 

<0.01 
0.74 (0.73, 

0.76) 

<0.01 0.20 
0.75 (0.73, 

0.76) 

0.01 <0.01 <0.01 
0.66 (0.64, 

0.68) 

SIRS 

SOFA 

LODS 

qSOFA 

ICU encounters 

N = 7,932 

AUROC in-hospital 

mortality 

0.76 (0.75, 

0.77) 

<0.01 
0.79 (0.78, 

0.80) 

<0.01 <0.01 
0.81 (0.80, 

0.82) 

<0.01 <0.01 0.72 
0.81 (0.80, 

0.82) 

SIRS 

SOFA 

LODS 

Outside the ICU encounters 

N = 66,522 

AUROC in-hospital 

mortality 

qSOFA 

SOFA and LODS superior 

in the ICU 

qSOFA similar to complex 

scores outside the ICU 



 Not retained during qSOFA model building 
 

 Serum lactate at various thresholds added to qSOFA 

Serum lactate 

ty i v 
 
 
 

Sensiti 
 

 
 
 
 
 

1 - specificity 

Baseline risk 

qSOFA + baseline 

qSOFA + lactate ≥2.0 

+ baseline 



New Definition of Sepsis 



Among patients with suspected infection 
 

 SOFA ≥ 2 (or a change ≥ 2, ΔSOFA) 
 

or 
 

 in ED/on wards, qSOFA 

New Clinical Criteria for Sepsis 

Sepsis is life-threatening organ dysfunction caused 

by a dysregulated host response to infection 



What clinical criteria identify 
patients with septic shock ? 
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Arrived at via by use of Delphi method among members 

of task force 
 

 As with sepsis, elements are difficult to identify clinically 

New Septic Shock Definition 



A subset of sepsis in which profound circulatory, cellular and 

metabolic abnormalities are associated with a greater risk of 

mortality than with sepsis alone 

What is septic shock ? 

So these are patients with sepsis who are especially sick 



Among patients with 

sepsis (that is, who have 

suspected infection and are 

really sick) 

What is septic shock ? 

Who is really, really, really sick ? 
(eg, has a 50:50 chance of dying) 

A subset of sepsis in which 
 

profound circulatory, cellular and metabolic abnormalities 

are associated with 
 

a greater risk of mortality than with sepsis alone 
 

 

1 

2 

2 

Hospital 

mortality 



How to identify who is sick? 

Septic shock is a subset of sepsis 
 

 It is characterized by “profound circulatory, 

cellular and metabolic abnormalities” 
 

Once again, these elements cannot really be 

measured clinically 

Infected 

 This time, need a proxy for “really, really, really sick” 
 

 What proxies can be used ? 

Infected 

Septtiicc 
Shock 

ReaRlelya, lrlyeally 

reaslliycksick 



Derivation cohort 
 

 Surviving Sepsis Campaign Database (SSC) 
 

 28,150 patients with severe sepsis or septic shock 
 

 

Validation cohort 
 

 UPMC 
 

 KPNC 
 

 

Criteria – identified by modified Delphi process – task force 
 

 After fluids 
 

 Hypotension, vasopressor dependence, elevated lactate 

Data analysis 



6 patient groups based on 3 variables 
hypotension 

after fluids 
vasopressors lactate >2 

Prevalence 

(SSC) 
Mortality 

42.3 (41.2- 

43.3) 
 

30.1 (28.6- 

31.5) 
 
 
 
 
 

25.7 (24.2- 

27.2) 
 
 

29.7 (28.0- 

31.5) 

Group 1 Yes Yes Yes 45.2% 

Group 2 Yes Yes No 21.2% 

Group 3 Yes No Yes 1.2% 

Group 4 No No Yes 17.3% 

Group 5 

No 

hypotension 

pre-fluid 

No Yes 14.3% 

Group 6 Yes No No 0.8% 



6 patient groups based on 3 variables 
Mortality 

42.3 (41.2- 

43.3) 
 

30.1 (28.6- 

31.5) 
 

25.7 (24.2- 

27.2) 
 

29.7 (28.0- 

31.5) 

hypotension 

after fluids 

vasopressors lactate >2 Prevalence 

(SSC) 

Group 1 Yes Yes Yes 45.2% 

Group 2 Yes Yes No 

21.2% 

Group 4 No No Yes 17.3% 

Group 5 No hypotension 

pre-fluid 

No Yes 14.3% 



Septic shock is a subset of sepsis in which 

profound circulatory, cellular and metabolic 

abnormalities are associated with a greater risk 

of mortality than with sepsis alone 

New Septic Shock Definition 



Septic shock is a subset of sepsis in which 

profound circulatory, cellular and metabolic 

abnormalities are associated with a greater risk 

of mortality than with sepsis alone 
 

 
 
 
 
 
 

Despite adequate fluid resuscitation 

 vasopressors needed to maintain MAP ≥65 

mmHg AND 
 

 lactate >2 mmol/l 

New Clinical Criteria for Septic Shock 



Summary (I) 

Sepsis is defined as life-threatening organ 

dysfunction caused by a dysregulated host 

response to infection 

 
 

Septic shock is defined as a subset of 

sepsis in which profound circulatory, cellular 

and metabolic abnormalities are associated 

with a greater risk of mortality than with 

sepsis alone 



Summary (II) 
Outside the ICU, patients with suspected or 

presumed infection who are highly likely to have poor 

outcomes can be clinically identified using qSOFA 
 

SBP < 100mm Hg 
 

RR > 22 breath/min 
 

Altered mental status 
 

 In the ICU, patients with suspected or presumed 

infection who are highly likely to have poor outcomes 

can be clinically identified by the presence of 2 or 

more SOFA points 



Summary (III) 

Patients with septic shock can be clinically 
identified if, despite adequate 
resuscitation, 

 

 They require vasopressors to maintain MAP ≥65 mmHg 
 

• AND 
 

 Their serum lactate level is > 2 mmol/l 



• Definitions of sepsis 

– 3rd  International 

consensus definitions 
 

– CDC 
 

– CMS 
 



What’s the Problem? 

• There is no perfect method to unambiguously 
categorize patients as having sepsis or not 

 

• Multiple initiatives for sepsis with different 
goals 

 

• Four broad purposes for sepsis criteria: 
 

– Clinical Care 
 

– Research 
 

– Surveillance 
 

– QI and audit 



Clinical Care 

Objective Example Criteria Caveats 

To inform 

the direct 

clinical 

care of 

sepsis at 

the 

bedside 

ESICM/ 

SCCM 3rd 

International 

Consensus 

Definitions 

for Sepsis 

and Septic 

Shock Task 

Force 

Among patients in 

whom the clinician 

suspects infection: 

•Acute change in 

SOFA score ≥ 2 

points 

For clinical prompt in 

infected patients: 
•≥ 2 qSOFA points 

outside the ICU 

• Sepsis not 

restricted to 

confirmed 

infection 

• No criteria 

proposed for 

infection; left 

to clinician 

• SOFA 

baseline may 

not be always 

available 



Research: Clinical 

Objective Example Criteria Caveats 

Guide the 

conduct of 

clinical research 

in sepsis 

Enrollment 

criteria for 

ACCESS trial 

Among patients 

with evidence of 

infection, all of: 
• 3 or more SIRS 

criteria 

• 1 major organ 

dysfunction 

• High risk of 

death 
(APACHE II) 

• Sepsis not 

restricted to 

confirmed 

infection 

• No criteria 

proposed for 

infection; left 

to clinician 

• SOFA 

baseline may 

not be always 

available 



Research: Basic 

Objective Example Criteria Caveats 

Guide the study 

of fundamental 

principles of 

sepsis, often 

animal models 

Murine sepsis 

score after 

fecal-induced 

peritonitis 

Score ranging 

from 0-28, 4 

points for: 
• Appearance 

• LOC 

• Activity 

• Response to 

stimulus 

• Eyes 

• Respiratory 

rate 

• Respiration 

quality 

• Reported with 

high inter- 

rater and test- 

retest 

reliability 

• May be 

species 

specific 

• Alternative 

models under 

study 



Surveillance and Epidemiology 
Objective Example Criteria Caveats 

To track local 

and national 

burden, 

incidence and 

outcomes of 

sepsis across 

hospitals over 

time 
• Not dependent 

on coding 

Center for 

Disease Control 

(CDC) and 

Prevention 

Epicenters 

Preliminary 

Criteria 

Among patients 

with infection, ≥ 

1 of: 
•Vasopressor use 

•≥ 2 days of 

mechanical 

ventilation 

•Rise in serum 

creatinine by ≥ 

0.5 

• Avoids data 

elements not 

readily 

available in 

the EHR (vital 

signs) 

• Feasibility 

• For similar 

patients, 

clinicians may 

provide organ 

support 

differently 



QI and Audit 

Objective Example Criteria Caveats 

To inform quality 

improvement 

initiatives and 

audit 

performance 

across hospitals 

Centers for 

Medicare and 

Medicaid 

Services 

(SEP-1) 

• ICD-10 claims 

based 

identification to 

find 

denominator 

of sepsis 

patients 

• Manual chart 

review for 

SIRS criteria 

and organ 

dysfunction 

criteria 

• Restricts to 

cohort of 

patients 

identified with 

administrative 

data 

• Some 

hospitals 

using EHR 

algorithm 

• May result in 

smaller, sicker 

subset of 

patients 



Case Identification by 

Different Criteria 

• Case study of EHRs of 396,241 

patients 
 

– 12 academic and community hospitals 
 

– Southwestern Pennsylvania 
 

• 2012 
 

– Cases identified using 
 

• 2016 Consensus Definitions 
 

• CDC epicenter surveillance 

criteria 
 

• CMS SEP-1 criteria 



Conclusions 

• Unrealistic goal to have a single gold-standard 

definition of sepsis 
 

– Different populations, goals, purpose 
 

• Possible to develop methodologic framework to 

develop and assess different definitions and 

criteria 
 

• Each set of criteria valuable for different purpose 
 

• Harmonization and standardization may be 

possible over time as new technologies and 

markers develop 




