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Medicine is an ever-changing science !!!
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• ProCESS trial
• A Randomized Trial of Protocol-Based Care for Early Septic Shock
• NEJM 2014;370:1683.

• ARISE trial 
• Goal-Directed Resuscitation for Patients with Early Septic Shock
• NEJM 2014;371:1496

• ProMISe Trial
• Trial of Early, Goal-Directed Resuscitation for Septic Shock
• NEJM, 2015;372:1301

Recently, negative in RCTs…



Half-life of the medical facts



History of Sepsis

• 1st 1991 - SIRS, Sepsis, Severe sepsis, Septic shock 
An American College of Chest Physicians/Society of Critical Care 
Medicine Consensus Conference

• 2nd 2001 – SIRS, Sepsis, Severe sepsis, Septic shock 
SCCM, ESICM, ACCP, American Thoracic Society (ATS), and the 
Surgical Infection Society (SIS)

• 3rd EHR based 



Sepsis is the host's inflammatory response to infection.



▪SIRS: Systemic Inflammatory Response Syndrome 

• Systemic response to a variety of processes

• Manifested by ≥2 of the following

• Temperature >38°C or <36°C

• HR >90 bpm

• RR >20/min

• WBC >12,000/mL or <4,000/mL 

or >10% immature neutrophils

• Hemostatic changes are also involved
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ACCP/SCCM CONSENSUS DEFINITIONS

Bone RC, et al. Chest 1992;101:1644-55.



▪ Sepsis
• Infection + 2 SIRS criteria

▪ Severe Sepsis
• Sepsis + Organ dysfunction

▪ Septic shock
• Sepsis + hypotension despite fluid resuscitation
• Sepsis-induced hypotension

• SBP <90 mmHg or MAP< 70 mmHg
• SBP decrease 40 mmHg or 2 SD below normal for age 
• Absence of other causes of hypotension

ACCP/SCCM CONSENSUS DEFINITIONS

Bone RC, et al. Chest 1992;101:1644-55



Dear SIRS, I'm sorry to say that I don't like you

Vincent, Jean-Louis MD, PhD, FCCM, Crit Care Med.1997;25(2):372





Sepsis definitions: time for change

“Sepsis is a life-threatening condition that arises when the 
body’s response to an infection injures its own tissues and 
organs”

• First, the SIRS criteria are so sensitive that up to 90% of patients admitted to an intensive 
care unit (ICU) meet the criteria

• Second, some degree of host response is actually inherent to the infection

• Third, deciphering the role of infection in the pathogenesis of SIRS has been difficult

Jean-Louis Vincent et al. Lancet 2013; 381: 774–75



“life-threatening organ dysfunction caused by a 
dysregulated host response to infection”

SingerM et al. JAMA.2016;315[8]:801-810



• Organ dysfunction
• Acute change in total SOFA score 2 points consequent to the infection.

• Baseline SOFA = 0 if no hx of preexisting organ dysfuction
• ΔSOFA ≥ 2 → mortality 10%

• Bedside q SOFA ≥ 2
• Alteration in mental status, systolic BP 100 mmHg, or respiratory rate 22/min
• Identifies patients likely to have prolonged ICU stay or hospital mortality



Definitions of Organ Dysfunction

▪ The baseline SOFA score: “0” in patients not known to have preexisting OD

▪ Presenting with modest dysfunction can deteriorate further

▪ Overall mortality risk SOFA score ≥2 with suspected infection ≒10%

JAMA. 2016; 315(8):801-810. doi:10.1001/jama.2016.0287

Acute change in total SOFA score ≥2 points consequent to the infection.

Sequential [Sepsis-Related] Organ Failure Assessment Score

System
Score

0 1 2 3 4

Respiration (PaO2/FIO2, mmHg) ≥400 <400 <300
<200 with respiratory 

support

<100 with

respiratory support

Coagulation (Platelets, ×103/μL) ≥150 <150 <100 <50 <20

Liver (Bilirubin, mg/dL) <1.2 1.2-1.9 2.0-5.9 6.0-11.9 >12.0

Cardiovascular
MAP ≥70 

mm Hg

MAP <70 

mm Hg

DP <5  or DB 

(any dose)

DP 5.1-15 or Epi 

≤0.1 or NE ≤0.1

DP >15 or Epi >0.1 

or NE >0.1

CNS (Glasgow Coma Scale) 15 13-14 10-12 6-9 <6

Renal
Cr (mg/dL) <1.2 1.2-1.9 2.0-3.4 3.5-4.9 >5.0

UO, mL/d <500 <200

Vincent JL, et al. . Intensive Care Med. 1996;22(7):707-710.



Bedside Surrogate For Organ Dysfunction By Quick SOFA (qSOFA)

JAMA. 2016; 315(8):801-810. doi:10.1001/jama.2016.0287

Patients with suspected infection who are likely to have a 
prolonged ICU stay or to die in the hospital can be promptly 

“Identified at the bedside with qSOFA”.

▪ Respiratory rate ≥22/min

▪ Altered mentation

▪ Systolic blood pressure ≤100 mmHg

Bedside clinical score, qSOFA

At least 2 
of 

following



1991 & 2001 Septic Shock definitions

• 1991
• Sepsis-induced hypotension, persisting despite adequate fluid 

resuscitation, along with the presence of hypoperfusion abnormalities or 
organ dysfunction.

• 2001
• State of acute circulatory failure characterized by persistent arterial 

hypotension unexplained by other causes.



“Septic shock is defined as a subset of sepsis in which underlying 
circulatory, cellular, and metabolic abnormalities are associated with 
a greater risk of mortality than sepsis alone”



• Patients with sepsis with following features despite adequate volume 
resuscitation

• Persisting hypotension requiring vasopressors to maintain MAP 65mmHg
• Serum lactate level >2mmol/L(18mg/dL)

• Hospital mortality is in excess 40%.



Operationalization of Clinical Criteria Identifying Patients With Sepsis and Septic Shock

JAMA. 2016; 315(8):801-810. doi:10.1001/jama.2016.0287

Patient with suspected infection

qSOFA ≥2?

• Respiratory rate

• Mental status

• Systolic blood pressure

SOFA score ≥2?

• PaO2/FiO2 ratio

• Glasgow Coma Scale score

• Mean arterial pressure

• Administration of vasopressors with type and dose rate of infusion

• Serum creatinine or urine output

• Bilirubin

• Platelet count

Assess for evidence of organ dysfunction

Sepsis
Despite adequate fluid resuscitation

1. Vasopressors required to maintain 

MAP ≥ 65 mm Hg and

2. Serum lactate level > 2mmol/L ?  

Septic Shock

Yes
Yes

Sepsis still

suspected

Monitor clinical condition;

reevaluate for possible sepsis if 

clinically indicated

Monitor clinical condition; reevaluate for 

possible sepsis if clinically indicated

Yes

No
No

Yes
No

No
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Nature Reviews Drug Discovery 4, 854-865 (October 2005)

Improved understanding of sepsis pathobiology 

focused solely on inflammatory excess.



Improved understanding of sepsis pathobiology 

Early activation of both pro- and anti-inflammatory responses, → major modifications in nonimmunologic pathways
such as cardiovascular, neuronal, autonomic, hormonal, bioenergetic, metabolic, and coagulation



Sepsis is the host's inflammatory response 
to infection.

“life-threatening organ dysfunction caused by 

a dysregulated host response to infection”

SingerM et al. JAMA.2016;315[8]:801-810
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• Definition…simple and definitively

• Severe sepsis(organ dysfunction)
• Degree and Cut-off of organ dysfunction

• Validated tool(score)

• Septic shock ; Particularly evident. 

Variability in Terminology



Variability in Terminology

Gaieski, DF et al. Crit Care Med 2013; 41:1167–1174)

A nationally representative sample, cases of severe sepsis over a 6-year period (2004–2009). 



A uniform, consistent method is needed for use in national registries to 
facilitate accurate assessment of clinical interventions and outcome 
comparisons between hospitals and regions.



“life-threatening organ dysfunction caused by a dysregulated host 
response to infection”

SingerM et al. JAMA.2016;315[8]:801-810





LODS(Logistic Organ Dysfuction Score)



MODS(Multiple Organ Dysfunction Score)



SOFA
(Sequential[sepsis-related] Organ Failure 
Assessment Score)



Crit Care. 2006; 10(4): R115. 

And… Better known and simpler

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1750966/


Use of the SOFA can predict Mortality

Vincent Jean-Louis, et al. Crit Care Med.1998;26(11):1793



• Organ dysfunction
• Acute change in total SOFA score 2 points consequent to the infection.

• Baseline SOFA = 0 if no hx of preexisting organ dysfuction
• ΔSOFA ≥ 2 → mortality 10%

• Bedside q SOFA ≥ 2
• Alteration in mental status, systolic BP 100 mmHg, or respiratory rate 22/min
• Identifies patients likely to have prolonged ICU stay or hospital mortality



Variability in Terminology

• Particularly evident when septic shock is examined. 

• Hypotension 
• (SBP [systolic blood pressure] <90 mm Hg or MAP [mean arterial pressure] <60 or < 70 mm Hg or fall in SAP 

pressure >40 mm Hg from baseline or >2 standard deviations from the norm for age despite “adequate 
fluid resuscitation”)

• The presence of abnormal biochemical variable 
• (e. g., lactate >2 or >4 mmol/L or base deficit >5 mmol/L)

• The use of inotropes or vasopressors 
• (not necessarily above a prespecified dose)

• New onset organ dysfunction 
• (defined variably with various scoring systems such as APACHE [A cute Physiology and Chronic Health 

Evaluation ] Ⅱ, APACHE Ⅲ, or the cardiovascular component of the SOFA score)

• Further complicating matters are the following:
• Variable endpoints of adequacy of fluid resuscitation(rarely defined or reported)
• Variable durations of hypotension or vasopressor therapy
• Failure to account for the underlying blood pressure of the patient or other comorbidities
• Failure to account for the hypotensive effect of cointerventions such as vasodilating and / or 

cardiodepressant sedative agents.







New definition of septic shock

“septic shock is defined as a subset of sepsis in which 
underlying circulatory, cellular, and metabolic abnormalities are 
associated with a greater risk of mortality than sepsis alone”

• Patients with sepsis with following features despite adequate volume 
resuscitation

• Persisting hypotension requiring vasopressors to maintain MAP 65mmHg

• Serum lactate level >2mmol/L(18mg/dL)

• Hospital mortality is in excess 40%.
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Availability of Patient Data

Based reflects findings from small studies or expert opinions

…    Validation and Evidence-based



• Primary cohort; UPMC healthcare system in southwestern Pennsylvania
• Random split sample (50/50); derivation and validation cohort

• 4 external data sets;  

• Focus on timeless, ease of use.

• Studied 21 variables from Sepsis-2

• Multi-variable logistic regression for in-hospital mortality





KCEMS, King County Emergency Medical Services; KPNC, Kaiser Permanente Northern 

California; EHR, electronic health record; ICD-9-CM, International Classification of 

Diseases, Ninth Revision, Clinical Modification; VA, Veterans Administration



Bedside Surrogate For Organ Dysfunction By Quick SOFA (qSOFA)

JAMA. 2016; 315(8):801-810. doi:10.1001/jama.2016.0287

Patients with suspected infection who are likely to have a 
prolonged ICU stay or to die in the hospital can be promptly 

“Identified at the bedside with qSOFA”.

▪ Respiratory rate ≥22/min

▪ Altered mentation

▪ Systolic blood pressure ≤100 mmHg

Bedside clinical score, qSOFA

At least 2 
of 

following



Multivariable logistic regression



http://qsofa.org/data.php

http://qsofa.org/data.php




Methods

• Task Force – SCCM, ESICM
• 2 cochairs, 17 participants

• Systematic Review and Meta-analysis – 44 studies(166,479pts)
• 1992-2015 ( ≥19years)

• Delphi study – meetings, questionnaires, email discussions
• 3 surveys and discussions of results from the systematic review, surveys, and 

cohort studies.
• Hypotension, serum lactate level, vasopressor therapy as variables

• Cohort study –
• SSC registry; 218 hospitals in 18 countries
• External validation; 

UPMC(12 hospitals, 2010-2012, n=1,309,025), 
KPNC(20 hospitals. 2009-2013, n=1,847,165)

• 6 patients group



Delphi study

Persistent hypotension(83.1%)
Vasopressor therapy(66.4%)
Hyperlactatemia(78.1%)



Serum Lactate Level Analysis

Serum lactate level from 2 to 10 mmol/L 
increased the adjusted OR for hospital 
mortality from 1.4 (95%CI, 1.35-1.45) to 3.03 
(95%CI, 2.68-3.45)



Characteristics of Serum Lactate Level Cut-off Values 
(SSC database)
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Sepsis하면뭐가떠오르시나요?

• 안좋은예후(Poor prognosis)

• 조기진단및치료(Early detection and management)

• 중환자실로조기전동(Early transfer to critical care unit)

• 전과협진(Refer to …)



Intensive Care Med. 2006; 32:421–427

High sensitivity, but low specificity



Intensive Care Med. 2006; 32:421–427



• 109,6634 patients with infection and organ dysfunction.

• 172 ICUs – Austrailia and New Zealand(ANZICS) 2000 to 2013.



Will miss 1 in 8 !!!

SIRS +
(≥2 SIRS)

SIRS -
(<2 SIRS)

88% 12%





• 109,6634 patients with infection and organ dysfunction.

• 172 ICUs – Austrailia and New Zealand(ANZICS) 2000 to 2013.

• Mortality increases with increasing SIRS, but requiring ≥2 SIRS has 
no meaningful mortality risk transition.

• Improved approaches to define sepsis severity are needed.



Classify the sepsis or septic shock group with high mortality

• A multicenter registry conducted at 42 ICUs throughout Japan

• Patients received treatment for severe sepsis or septic shock between January 
2011 and December 2013

Takauji et al. J Intensive Care Med. 2019



Takauji et al. J Intensive Care Med. 2019



Classify the sepsis or septic shock group with high mortality
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Simple, validate set of bedside criteria 
that directs them to consider sepsis 

when presented with infected patients



Sepsis management



Early Appropriate Antibiotics

Critical Care Med (2006) 34:1589–96



The SSC guidelines and bundles can be used as the basis of a sepsis performance 
improvement program.





Which is simple ?     And early management

SIRS

Manifested by ≥2 of the following

Temperature >38°C or <36°C

HR >90 bpm

RR >20/min

WBC >12,000/mL or <4,000/mL  or >10% immature neutrophils

qSOFA

Manifested by ≥2 of the following

RR ≥22/min

Altered mentation

Systolic BP ≤100 mmHg



▪ Respiratory rate ≥22/min

▪ Altered mentation

▪ Systolic blood pressure ≤100 mmHg

Bedside clinical score, qSOFA

At least 2 
of 

following



Mortality of sepsis.

Rodrigo serafim, et al. CHEST 2018; 153(3):646-655

Validation



Sensitivity for diagnosis of sepsis.

Rodrigo serafim, et al. CHEST 2018; 153(3):646-655



• Korean participants from the fever and antipyretics in critically ill patients 
evaluation (FACE) study, a joint study between Korea and Japan. 

• Concordance rates for sepsis diagnosis between Sepsis-2 and Sepsis-3 criteria 

• Mortality rates of sepsis, sepsis with organ dysfunction, and septic shock by 
Sepsis-3 criteria 



28-day mortality ICU mortality

SOFA > SIRS > qSOFA



Operationalization of Clinical Criteria Identifying Patients With Sepsis and Septic Shock

JAMA. 2016; 315(8):801-810. doi:10.1001/jama.2016.0287

Patient with suspected infection

qSOFA ≥2?

• Respiratory rate

• Mental status

• Systolic blood pressure

SOFA score ≥2?

• PaO2/FiO2 ratio

• Glasgow Coma Scale score

• Mean arterial pressure

• Administration of vasopressors with type and dose rate of infusion

• Serum creatinine or urine output

• Bilirubin

• Platelet count

Assess for evidence of organ dysfunction

Sepsis
Despite adequate fluid resuscitation

1. Vasopressors required to maintain 

MAP ≥ 65 mm Hg and

2. Serum lactate level > 2mmol/L ?  

Septic Shock

Yes
Yes

Sepsis still

suspected

Monitor clinical condition;

reevaluate for possible sepsis if 

clinically indicated

Monitor clinical condition; reevaluate for 

possible sepsis if clinically indicated

Yes

No
No

Yes
No

No
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Validation

• between 01/2010 and 12/2015

• In a cohort of ICU patients diagnosed with severe sepsis or septic shock 
according to Sepsis-1 criteria prospectively

• The time differences between meeting Sepsis-1 vs. Sepsis-3 criteria 
• time of sepsis onset and the corresponding differences in illness severity were 

tested

Christian SS, et al. Shock. 2019;51(3):306-311



Time point of sepsis onset and corresponding severity 
among patients with non-ICU-acquired sepsis.

Time point of sepsis onset and corresponding severity 
among patients with ICU-acquired sepsis.

Christian SS, et al. Shock. 2019;51(3):306-311

Conclusions: 
Sepsis-3 criteria facilitate an earlier and more predictive recognition of 
sepsis and septic shock in patients with non-ICU and ICU-acquired sepsis 
primarily diagnosed by Sepsis-1 criteria.



For patients with sepsis in Low-and Middle-Income Countries.



Of the SIRS components, WBC count was the most frequently 
missing, missing in up to 92% of patients in one cohort (Haiti-
RELIC1, 143 of 156 missing).

Overall, qSOFA score was more frequently complete than SIRS 
criteria in most cohorts.

JAMA. 2018;319(21):2202-2211.



• Prospective cohort study at Princess Alexandra Hospital, a tertiary teaching hospital in 
Queensland, Australia.

• 2085 patients were included in the analysis.

Crit Care Resusc 2011; 13: 146–150



Summary

Infection
Sepsis
(SIRS(+))

Severe Sepsis
(Organ dysfunction(+))

Septic shock
(Shock(+))

Morality Morality

Sepsis
(SIRS(+))

Variability(+)

Infection
Sepsis
(Organ dysfunction(+))

Septic shock
(Shock(+))

Vasopressor+lactateSOFA

qSOFA : early detection

Low sensitivity of qSOFA and lactate evaluation
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Thank you for your attention.


