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What is sepsis? 

 Infection 

 SIRS (systemic inflammatory response 

syndrome) 

 Severe sepsis 

 Septic shock 

 



Comparison with Other Major Diseases 



Mortality of Severe Sepsis in Korea 



Diagnositc criteria 

N Engl J Med 2013; 369:840-851 



SCCM Consensus Definitions 

 Infection 

 Inflammatory response to microorganisms, or 

invasion of normally sterile tissues 

 Systemic Inflammatory Response Syndrome 

(SIRS) 

 Systemic response to a variety of processes 

 Sepsis 

 Infection with ≥ 2 SIRS criteria 

 



ACCP/SCCM Consensus Definitions 

 Severe Sepsis 

 Sepsis with organ dysfunction 

 

 Septic shock 

 Sepsis with hypotension despite fluid resuscitation 

 



SIRS 
 A systemic response to a nonspecific insult 

 Infection, trauma, surgery, massive transfusion, etc 

 Defined as 2 of the following: 

 

N Engl J Med 2013; 369:840-851 



Sepsis 

 SIRS due to an infection 

 

 

Chest 1992;101:1644 



Host response to sepsis 

N Engl J Med 2013; 369:840-851 



Severe sepsis 

 Sepsis with organ dysfunction, hypoperfusion 

or hypotension 

 

 

N Engl J Med 2013; 369:840-851 



N Engl J Med 2013; 369:840-851 

Organ faiulre in severe sepsis 



Septic shock 

 Shock 

 Tissue perfusion is not adequate for the tissues’ 

metabolic requirements  

 Type : cardiogenic, neurogenic, hypovolemic, 

anaphylactic… 

 Septic shock 

 Shock secondary to systemic inflammatory 

response to a new infection 

 



Septic shock 

 Sepsis plus 

 Refractory hypotension 

 persistent hypotension or a requirement for vasopressors 

after the administration of an intravenous fluid bolus 

 Hyperlactatemia 

N Engl J Med 2013; 369:840-851 



The Sepsis Continuum 



Severe Sepsis Screening 

If yes,  
Patient has SIRS 

Are any 2 of the following SIRS criteria present and new to your patient? 
 
 

Is this likely to be due to an infection? 
 

If yes,  
patient has SEPSIS 

Start SEPSIS BUNDLE 



What is a Bundle? 

 From evidence based guidelines  

 Specifically selected care elements  

 Implemented together provide improved 

outcomes compared to individual elements 

alone 

 



Initial Resuscitation Bundle 

 To Be Completed in 3 hours: 

 Measure lactate level 

 Obtain cultures prior to administration of 

antibiotics 

 Administer broad spectrum antibiotics 

 Administer 30ml/kg crystalloid for hypotension or 

lactate greater than or equal to 4mmol/kg 

Crit Care Med. 2013 Feb;41(2):580-637 



Septic Shock Bundle 

 To be Completed Within 6 Hours: 

 Apply vasopressors (for hypotension that does not 
respond to initial fluid resuscitation) to maintain a 
mean arterial pressure (MAP) greater than or equal to 
65mmHg 

 In the event of persistent arterial hypotension despite 
volume resuscitation (septic shock) or initial lactate 
greater than or equal to 4mmol/L 

 Measure central venous pressure (CVP)* 

 Measure central venous oxygen saturation (ScvO2)* 

 Remeasure lactate if initial lactate was elevated* 

Crit Care Med. 2013 Feb;41(2):580-637 



Septic Shock Bundle 

 Targets for quantitative resuscitation 

 CVP greater than or equal to 8mmHg 

 ScvO2 greater than or equal to 70%  

 Normalization of lactate 

Crit Care Med. 2013 Feb;41(2):580-637 



Septic Shock Resuscitation Algorithm 

Crit Care Med. 2013 Feb;41(2):580-637 



Septic Shock Resuscitaion Algorithm 

Crit Care Med. 2013 Feb;41(2):580-637 



Oxygen Kinetics 

Critical Care Physiology, Robert H. Bartlett, p2 



Relationship between VO2 and DO2 

Critical Care Physiology, Robert H. Bartlett, p16 



VO2 and DO2 

Critical Care Physiology, Robert H. Bartlett, p17 



SvO2 

 In an average adult 

 DO2 : 1000ml/min, VO2 : 200ml/min 

 DO2/VO2 = 5:1 

 The amount of O2 extracted : 20% of delivery 

 80% of O2 : in venous blood → return to heart 

 The saturation of mixed venous blood : 80% 

 



Mixed venous blood 



SvO2 and DO2/VO2 ratio 

 

 

Critical Care Physiology, Robert H. Bartlett, p17 



SvO2 monitoring 

 Accurate representation of DO2/VO2 ratio 

 

 Can be monitored continuously 

 in the pulmonary artery 

 with the Swan-Ganz Oximetry catheter 



Swan-Ganz catheter 



Reflection spectrophotometry 

 Transmitting light of selected wavelengths 

 Through fiberoptic filament in the catheter body 

 To the blood flowing past the catheter tip 

 

 Reflected light is then transmitted back 

 Through the second fiberoptic filament 

 To a photodetector located in the optical module 

 Hemoglobin and oxyhemoglobin absorb light 
differently at the selected wavelengths 

 



Complications of Swan-Ganz catheter 

 Pulmonary artery perforation 

 Occur during insertion 

 Mortality > 30 %  

 Usually requires emergent thoracotomy 

 Pulmonary infarction 

 Migration of the catheter tip 

 Balloon left inflated in the wedge position 

 Thromboembolic events, Arrhythmia 



ScvO2 

 Central venous oxygen saturation 

 Regular central venous catheter coupled with a 

fiberoptic lumen 

 Placed through a jugular or a subclavian vein 

at the SVC 



ScvO2 monitoring 



ScvO2 monitoring 
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SvO2 and ScvO2 

 SvO2 : surrogate for global tissue oxygenation 

 Upper body + Lower body + coronary sinus 

 

 ScvO2 : essentially reflects the oxygenation of 

the upper part of the body 

 Head, neck, upper limbs, and upper part of trunk 

 ScvO2>SvO2 

 



ScvO2 – Validated Parameter ? 

Cardiology Research and Practice 2012; Article ID 370697 



ScvO2 – Clinical Validation 

 Considered as a suitable prognosis factor in 

many clinical situations 

 Myocardial infarction 

 Acute heart failure 

 Severe sepsis 

 Surviving Sepsis Campaign, European guidelines 

 First 6 hours of management (ScvO2 > 70%) 

 

 

 

 



ScvO2 – Theoretical Limit 

 Does not include venous blood coming from 
coronary sinus  
 The most deoxygenated venous blood (40%) 

 

 Does not take into account the myocardial O2 
supply/demand adequacy 

 

 Major increase in myocardial O2 consumption 

 No impact on ScvO2 monitoring 

 



ScvO2 – Clinical Limit 

 Early stage of sepsis 

 Tissue hypoperfusion : low ScvO2 

 

 After the first 6 hours of resuscitation 

 Paradoxically normal or even raised ScvO2 

 Tissue O2 extraction capacity ↓ 

 Capillary shunt ↑ 

 Changes in hemoglobin affinity for O2 



Lactate 

 The result of inadequate DO2 

 slows mitochondrial metabolism → pyruvate is converted 

to lactate → anaerobic metabolism  

 



Lactate 

Intensive Care Medicine, vol. 30, no. 11, pp. 1990–1996, 2004 



Lactate + ScvO2 

Am J Respir Crit Care Med 2010; 182:752–761 

348 patients with lactate levels ≥3 mmol/L 

≥ 20% decrease in lactate levels per 2 hrs of the first 8 hrs 

ScvO2 target achievement  

 

9.6% absolute reduction in mortality 



Lactate vs ScvO2 

JAMA 2010; 303:739–746 

30 patients with lactate levels ≥4 mmol/L 

 

Lactate clearance (decrease by at least 10%) was noninferior to early  

quantitative resuscitation based on achieving ScvO2 of 70% or more 



Optimization strategy 

 Low ScvO2  & Hyperlactatemia reflects an adaptive 

mechanism to an unsuitable O2 supply 

 DO2 = [(SaO2 x Hb x 1.36) + (PaO2 x 0.003)] x CO 

 Dobutamine infusion (to a maximum of 20 μg/kg/min) 

 Transfusion of packed RBC to achieve a hematocrit of 

greater than or equal to 30% 

 

 

 





Guidelines 



Guidelines 



Guidelines 



Guidelines 



Guidelines 



Guidelines 



Guidelines 

 Are not perfect 

 Are still evolving and always will be 

 Attempt to provide the best quality for the 

“Typical” patient in the ICU with the matched 

disorder 

 Will never replace clinical decision-making by 

expert 

 

 



Vasopressor 



MAP - Rationale 

 Below a threshold MAP, autoregulation in critical 

vascular beds can be lost 

 Perfusion : linearly dependent on pressure  

 Vasopressor therapy to achieve a minimal perfusion 

pressure and maintain adequate flow 

 The titration of norepinephrine to a MAP as low as 65 

mmHg : preserve tissue perfusion 

 



MAP - Rationale 



MAP 

 Optimal MAP: should be individualized 

 higher in patients with atherosclerosis and/or 

previous hypertension than in young patients 

without cardiovascular comorbidity 



Norepinephrine 

 The first-choice vasopressor for treatment of sepsis-

induced hypotension 

 Powerful catecholamine with both α and β adrenergic 

properties 

 Increases MAP due to its predominant α effects 

 Little change in heart rate and less increase in stroke 

volume compared with dopamine 

 Effective at reversing hypotension in patients with 

septic shock 



Dopamine 

 5 randomized trials (n= 1993 patients with septic 

shock) comparing norepinephrine to dopamine 

 Does not support the routine use of dopamine 

 Risk of short-term mortality (RR : 0.91) 

 Recent meta-analysis (Crit Care Med 2012; 40:725–730) 

 Dopamine was associated with an increased risk (RR : 1.10) 

 More frequent arrhythmias with dopamine than with 

norepinephrine 

 



Dopamine 

 Increases MAP & cardiac output 

 Primarily due to an increase in stroke volume & heart rate 

 Causes more tachycardia and may be more 

arrhythmogenic than norepinephrine 

 Particularly useful in patients with compromised 

systolic function 

 



Epinephrine 

 Potent β1-inotropic agent that increases cardiac output 
by an increase in heart rate & contractility 

 May increase aerobic lactate production via stimulation 
of skeletal muscles’ β2-adrenergic receptors 

 Type B lactic acidosis (not associated with tissue hypoxia) 

 4 randomized trials (n= 540) comparing norepinephrine 
to epinephrine 

 No evidence for differences in the risk of dying (RR : 0.96) 

 It should be the first alternative to norepinephrine 

 



Vasopressin 

 RCT comparing norepinephrine alone to 

norepinephrine plus vasopressin at 0.03 U/min  

 No difference in outcome (N Engl J Med 2008; 358:877–

887) 

 Seven trials (n= 963 patients with septic shock) 

comparing norepinephrine with vasopressin  

 Does not support the routine use of vasopressin (RR : 1.12) 

 

 

 



Vasopressin 

 Endogenous hormone secreted by the posterior pituitary 

 Activation of V1a receptors on vascular smooth muscle 

 Vasoconstriction and increased SVR 

 Activation of baroreceptor reflexes : reduce heart rate and 
cardiac output  

 Little effect on arterial pressure at physiologic concentrations 
during normal conditions 

 Impaired baroreceptor reflexes during septic shock : little change 
in heart rate  

 Greatly enhanced pressor activity of vasopressin 

 May be effective in raising blood pressure in patients who 
are refractory to other vasopressors 

 
 

 

 

 

 



Septic Shock Resuscitation Algorithm 

Crit Care Med. 2013 Feb;41(2):580-637 



Septic Shock Resuscitaion Algorithm 

Crit Care Med. 2013 Feb;41(2):580-637 



Summary 

 Key mechanism : Tissue hypoperfusion 

 Measure lactate level 

 Maintain MAP ≥ 65mmHg 

 Volume (Crystalloid) + Vasopressor (Norepinephrine) 

 Measure ScvO2 : DO2 

 Dobutamine infusion : cardiac output 

 Transfusion of packed RBC : oxygen content 

 Normalization of lactate 

 Guidelines are not perfect 

 It will never replace clinical decision-making by expert 

 

 

 

 

 

 
 

 

 


