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Definitions

Systemic Inflammatory Response

Syndrome (SIRS) :

 Systemic inflammatory response to various 

stresses.

 Meets 2 or more of the following criteria :

 Temperature of >38 degree C/<36 degree C

 Heart rate of more than 90 beats/min

 RR >20 breaths/min or PaCo2 <32mmHg

 WBC >12,000/mm3 or <4000/mm3



Older Definitions
SEPSIS :

 Evidence of SIRS accompanied by known or suspected 
infection.

Severe SEPSIS :

 Sepsis accompanied by hypoperfusion or organ 
dysfunction.

 Cardiovascular : 
 SBP<90 mmhg/MAP<70 for at least 1 hr despite adequate volume 

resuscitation or the use of vasopressors to achieve the same goals.

 Renal : 
 Urine output <0.5 ml/kg/hr or Acute Renal Failure.

 Pulmonary : 
 PaO2/FiO2 <250 if other organ dysfuncton is present or <200 if the 

lungs is the only dysfunctional organ.



Older Definitions
Severe SEPSIS  (contd) :

 Gastrointestinal : 
 Hepatic dysfunction (hyperbilirubinemia,Elevated transaminases

 CNS : 
 Alteration in Mental status (delirium)

 Hematologic : 
 Platelet count of <80,000/mm3 or decreased by 50% over 3 

days/DIC

 Metabolic : 
 PH<7.30 or base deficit >5.0 mmol/L

 Plasma lactate >1.5  upper limit of normal.

Septic Shock :

 Severe Sepsis with persistent hypoperfusion or 
hypotension despite adequate fluid resuscitation



Consensus definitions

• 1991 - American College of Chest Physicians and the  

Society of Critical Care Medicine Consensus Conference.

• 2001 - Society of Critical Care Medicine, the European  

Society of Intensive Care Medicine, The American College  

of Chest Physicians, the American Thoracic Society and  

the Surgical InfectionSociety.

• 2016 - Society of Critical Care Medicine and the  

European Society of Intensive Care Medicine  

Redefinitions TaskForce.



Sepsis 1

• Introduced the term “systemic inflammatory response  

syndrome” (SIRS).

• SIRS is considered to be present when patients have  

more than one of the following clinical findings:

• Body temperature higher than 38°C or lower than36°C

• Heart rate higher than 90/min

• Hyperventilation evidenced by respiratory rate higher than 20/min  

or PaCO2lower than 32mmHg

• White blood cell count higher than 12,000 cells/ μl or lower than  

4,000/ μl



Sepsis 1

• Sepsis

• SIRS plus infection

• Severe sepsis

• sepsis associated with organ dysfunction, hypoperfusion or  

hypotension

• Septic shock

• sepsis with arterial hypotension despite “adequate” fluid  

resuscitation



SIRS limitations

• SIRS lacks sensitivity for defining sepsis

• 1 in 8 ICU patients with infection and organ dysfunction do not  

have 2 or more SIRS critieria

• SIRS not specific

• 4 in 5 ICU patients without infection have ‘SIRS’ criteria

• Different sources of infection are associated with different  

mortality rates

• SIRS criteria do not account for the dynamic time-course  

of sepsis (e.g. rise and fall in white cell count over time,  

fluctuations in vital signs)



Sepsis 2

• Unchanged concepts of sepsis, severe sepsis, and septic  

shock

• Original SIRS overly sensitive and nonspecific ->  

increased complexity of scoring system.



Expanded SIRS criteria



Sepsis 3

• Sepsis is ’life-threatening organ dysfunction due to a  

dysregulated host response to infection.’

• Layperson definition ‘a life-threatening condition that  

arises when the body’s response to infection injures its  

own tissue.’

• ‘Severe sepsis’ no longer exists as a concept, there is  

simply ‘sepsis’ and ‘septic shock.’



Sepsis

• Sepsis clinical criteria: organ dysfunction is defined as an  

increase of 2 points or more in the Sequential Organ  

Failure Assessment (SOFA) score

• for patients with infections, an increase of 2 SOFA points gives an  

overall mortality rate of 10%

• 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 (“HAT”); i.e.  

2 or more of:

• Hypotension: SBP less than or equal to 100 mmHg

• Altered mental status (any GCS less than 15)

• Tachypnoea: RR greater than or equal to 22



Septic Shock

• Septic shock is ‘a subset of sepsis in which underlying  

circulatory and cellular/metabolic abnormalities are  

profound enough to substantially increase mortality.’

• Septic shock clinical criteria: Sepsis and (despite  
adequate volume resuscitation) both of:

• Persistent hypotension requiring vasopressors to maintain MAP  

greater than or equal to 65 mm Hg, and

• Lactate greater than or equal to 2 mmol/L

• With these criteria, hospital mortality is in excess of 40%





Epidemiology

 Current estimates suggest that over 750,000 cases 
of Sepsis are diagnosed annually, resulting in more 
than 200,000 deaths.

 The incidence rate for Sepsis has been increasing 
over the past two decades, driving an increase in the 
number of deaths despite a decline in case-fatality 
rates.

 Sepsis is the tenth leading cause of death in the 
United States and accounts for more than 17 billion 
dollars in direct healthcare expenditures.

 Risk factors include age > 65 years, male, non-
whites. 

 A primary site of infection cannot be established in 
10% of patients with severe Sepsis/SIRS.



Epidemiology:



Epidemiology : Mortality rate



Epidemiology : Causative organism



Pathophysiology of Sepsis



Pathophysiology of Sepsis

Disorder Due to Uncontrolled Inflammation?

 Increased inflammatory mediators like IL-1, TNF, 
IL-6.

 Based on animal studies.
 In a study in children with meningococcemia, TNF 

levels directly correlated with mortality.
 Clinical trials involving TNF anagonist, antiendotoxin

antibodies, IL-1 receptor antagonists, corticosteroids 
failed to show any benefits.

 Patients with RA treated with TNF antagonist develop 
infectious complications.



Pathogenesis of Sepsis



Pathophysiology of Sepsis

Failure of Immune System to Eliminate

Microorganism?

 Shift from inflammatory (ThI) to 
antiinflammatory response (Th2).

 Anergy.

 Apotosis of B cells, T cells, Dendritic cells.

 Loss of macrophage expression of MHC 
Class I and co-stimulatory molecules.     

 Immunosuppressive effect of apoptotic cells.



Pathogenesis of Sepsis



Pathogenesis of Sepsis



Pathogenesis of Sepsis

The dark stained regions are concentrations of B cells in lymphoid follicles 

that are visible to the naked eye. The patients with Sepsis have 

dramatically smaller and fewer lymphoid follicles than the patients with 

trauma.



Pathogenesis of Sepsis

Factors that influence Immune Response :

 Genetic factors, polymorphisms in cytokine 
genes, TLR4 mutations, MBP.

 Type of organism, virulence, size of inoculum.
 Host Factors : 

 Age, Nutritional status, Coexisting illness, COPD, 
CHF, Cancer, DM, Immunodeficiency.

 Therapeutic efforts to modify the host immune 
response in critical illness will require a more 
thorough understanding of the cytokine milieu 
and the factors that determine their production. 



Multiple Organ Dysfunction Syndrome 

(MODS)
 MODS occurs late and is the most common cause 

of death in patients with Sepsis.

 Lactic acidosis led investigators to think that this is 
due to tissue ischaemia.

 Minimal cell death in postmortem samples taken 
from the failed organs of patients with Sepsis. 

 Recovery from Sepsis is associated with near 
complete recovery of organ function, even in 
organs whose cells have poor regenerative 
capacity. 

 Increased tissue oxygen tensions in various 
organs (muscle, gut, bladder) in animals and 
patients with Sepsis.



MODS : Possible Explanations

Late acting mediators of Sepsis

 HMGB1 (high mobility group box 1) was identified as a late-acting, 
cytokine-like mediator of inflammation and lethality in an animal 
model of endotoxemia and Sepsis.

 Neutralizing antibodies against HMGB1 confer significant protection 
against LPS- or Sepsis-induced mortality.

 It is elevated in late phase of Sepsis, suggesting that this may play a 
role in pathogenesis of MODS.

 Ethyl pyruvate and certain cholinergic agonists, which inhibits 
HMGB1 are therapeutic in various animal models of Sepsis even 
when given well after the onset of symptoms.

 Increased levels of MIF (Macrophage migration inhibitory factor) have 
been demonstrated in both the plasma and alveoli of patients with 
ARDS, suggesting that it may play a role in the pathogenesis of 
Sepsis induced organ dysfunction.



MODS



Management of Sepsis and Septic Shock
 Initial Resuscitation: Fluid therapy, vasoactive

agents

 Prompt administration of broad-spectrum 

antibiotics.

 Aggressive supportive care in intensive care units/ 

mechanical ventilation.

 Steroids

 Tight glycemic control.

 Activated protein C.





We recommend the protocolized, quantitative 
resuscitation of patients with sepsis- induced 
tissue hypoperfusion. During the first 6 hours of 
resuscitation, the goals of initial resuscitation 
should include all of the following as a part of a 
treatment protocol: 

a) CVP 8–12 mm Hg
b) MAP ≥ 65 mm Hg
c) Urine output ≥ 0.5 mL/kg/hr
d) Scvo2 ≥ 70%. 

2012 Recommendation for 
Initial Resuscitation.



Potential for RBC 
and Inotropes

Therapy 
titrated to 

CVP, MAP and 
ScvO2

Early insertion of 
ScvO2 catheter





Intravenous Fluids

EGDT 2.8 L

Usual Care 2.3 L

Intravenous Antibiotics

EGDT 97.5%

Usual Care 96.9%



Caveats / Limitations of 
ProCESS, ARISE & Promise
 The overall management of sepsis has 

changed…

 In all three studies patients had early antibiotics, 
> 30ml/kg of intravenous fluid prior to 
randomization.

 We need therefore to be very careful about 
over interpreting the results in areas where 
this paradgim is not valid.



The River’s work was useful….

 As it provided us a construct on how to 
understand resuscitation:
 Start early- (give antibiotics)
 Correct hypovolaemia
 Restore perfusion pressure
 And in some cases a little more may be 

required..!

 These concepts are as important today as 
they ever were.



Sepsis and septic shock are 
medical emergencies and we 
recommend that treatment 
and resuscitation begin 
immediately.
Best Practice Statement



Source Control

 We recommend that a specific anatomic 
diagnosis of infection requiring emergent 
source control be identified or excluded as 
rapidly as possible in patients with sepsis or 
septic shock, and that any required source 
control intervention be implemented as 
soon as medically and logistically practical 
after the diagnosis is made. 

(Best Practice Statement).



Antibiotics

 We recommend that administration of IV 
antimicrobials be initiated as soon as possible 
after recognition and within 1 h for both sepsis 
and septic shock. 

(strong recommendation, moderate quality of 
evidence).

 We recommend empiric broad-spectrum 
therapy with one or more antimicrobials to 
cover all likely pathogens.

(strong recommendation, moderate quality of 
evidence).



Initial Resuscitation

 We recommend that in the resuscitation from 
sepsis-induced hypoperfusion, at least 30ml/kg 
of intravenous crystalloid fluid be given within 
the first 3 hours.

(Strong recommendation; low quality of evidence)

 We recommend that following initial fluid 
resuscitation, additional fluids be guided by 
frequent reassessment of hemodynamic 
status.

(Best Practice Statement)



Fluid Therapy

 We recommend crystalloids as the fluid of 
choice for initial resuscitation and subsequent 
intravascular volume replacement in patients 
with sepsis and septic shock 

(Strong recommendation, moderate quality of 
evidence).

 We suggest using albumin in addition to 
crystalloids when patients require substantial 
amounts of crystalloids 

(weak recommendation, low quality of evidence).



We recommend an initial target mean 
arterial pressure of 65 mmHg in patients 
with septic shock requiring vasopressors. 
(Strong recommendation; moderate quality 
of evidence)



Vasoactive agents

 We recommend norepinephrine as the first 
choice vasopressor 

(strong recommendation, moderate quality of 
evidence).

 We suggest adding either vasopressin (up to 
0.03 U/min) or epinephrine to norepinephrine 
with the intent of raising MAP to target, or 
adding vasopressin (up to 0.03 U/min) to 
decrease norepinephrine dosage.

(weak recommendation, low quality of evidence)





If shock is not resolving 
quickly…..
 We recommend further hemodynamic 

assessment (such as assessing cardiac function) 
to determine the type of shock if the clinical 
examination does not lead to a clear diagnosis. 

(Best Practice Statement)

 We suggest that dynamic over static variables 
be used to predict fluid responsiveness, where 
available. 

(Weak recommendation; low quality of evidence)



Lactate can help guide 
resuscitation 
• We suggest guiding resuscitation to 

normalize lactate in patients with elevated 

lactate levels as a marker of tissue 

hypoperfusion. 
(Weak recommendation; low quality of evidence)



Summary

 Start resuscitation early with source control, 
intravenous fluids and antibiotics.

 Frequent assessment of the patients’ 
volume status is crucial throughout the 
resuscitation period. 

 We suggest guiding resuscitation to 
normalize lactate in patients with elevated 
lactate levels as a marker of tissue 
hypoperfusion.



SCREENING FOR SEPSIS AND 
PERFORMANCE IMPROVEMENT

1. We recommend that hospitals and hospital 
systems have a performance improvement 
program for sepsis including sepsis 
screening for acutely ill, high-risk patients. 
(BPS)



Sepsis Performance 
Improvement

 Performance improvement efforts for sepsis are 
associated with improved patient outcomes

 A recent meta-analysis of 50 observational 
studies:

 Performance improvement programs associated with 
a significant increase in compliance with the SSC 
bundles and a reduction in mortality (OR 0.66; 95% CI 
0.61-0.72).



Diagnosis

 1. We recommend that appropriate routine 
microbiologic cultures (including blood) be 
obtained before starting antimicrobial 
therapy in patients with suspected sepsis 
and septic shock if doing so results in no 
substantial delay in the start of 
antimicrobials. (BPS)
 Remarks: Appropriate routine microbiologic 

cultures always include at least two sets  of 
blood cultures (aerobic and anaerobic).



Antibiotics

 We suggest empiric combination therapy 
(using at least two antibiotics of different 
antimicrobial classes) aimed at the most 
likely bacterial pathogen(s) for the initial 
management of septic shock. 

 (Weak recommendation; low quality of 
evidence) 



Choice of Antibiotics
If pseudomonas is an unlikely pathogen, combine

vancomycin with one of the following:
 Cephalosporin, 3rd or 4th generation (e.g., ceftriaxone, cefotaxime, or 

cefepime).

 Beta-lactam/beta-lactamase inhibitor (e.g., ampicillin-sulbactam).

 Fluroquinolones (eg., Levofloxacin, gatifloxacin, moxifloxacin.)

If pseudomonas is suspected, combine vancomycin with two

of the following :
 Antipseudomonal cephalosporin (e.g., cefepime, ceftazidime, or 

cefoperazone).

 Antipseudomonal carbapenem (eg, imipenem, meropenem).

 Antipseudomonal beta-lactam/beta-lactamase inhibitor (e.g., 
pipercillin-tazobactam,ticarcillin-clavulanate).

 Aminoglycoside (e.g., gentamicin, amikacin, tobramycin).

 Fluoroquinolone with good anti-pseudomonal activity (e.g., 
ciprofloxacin).

 Monobactam (e.g., aztreonam). 

http://www.utdol.com/utd/content/topic.do?topicKey=Drug_L_Z/276898&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_A_K/49852&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_A_K/47671&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_A_K/46552&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_A_K/17535&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_L_Z/276898&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_A_K/46552&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_A_K/49104&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_L_Z/157542&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_L_Z/262548&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_A_K/114920&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_A_K/12574&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_L_Z/263855&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_A_K/58636&drug=true
http://www.utdol.com/utd/content/topic.do?topicKey=Drug_A_K/25388&drug=true




Antibiotics

 We suggest that combination therapy not be 
routinely used for on-going treatment of most 
other serious infections, including bacteremia 
and sepsis without shock.
 (Weak recommendation; low quality of evidence). 

 We recommend against combination therapy 
for the routine treatment of neutropenic 
sepsis/bacteremia. 
 (Strong recommendation; moderate quality of 

evidence). 



Antimicrobial Therapy
Antibiotic Stewardship

 We recommend that empiric antimicrobial therapy be narrowed 
once pathogen identification and sensitivities are established 
and/or adequate clinical improvement is noted.
 (BPS) 

 We suggest that an antimicrobial treatment duration of 7-10 days 
is adequate for most serious infections associated with sepsis and 
septic shock. 
 (Weak recommendation; low quality of evidence) 

 We recommend daily assessment for de-escalation of 
antimicrobial therapy in patients with sepsis and septic shock.
 (BPS)

 We suggest that measurement of procalcitonin levels can be used 
to support shortening the duration of antimicrobial therapy in 
sepsis patients. 
 (Weak recommendation; low quality of evidence) 



CORTICOSTEROIDS 

1. We suggest against using intravenous 
hydrocortisone to treat septic shock 
patients if adequate fluid resuscitation 
and vasopressor therapy are able to 
restore hemodynamic stability. If this is 
not achievable, we suggest intravenous 
hydrocortisone at a dose of 200 mg per 
day.

(Weak recommendation; low quality of evidence)



Mechanical Ventilation

 We suggest using higher PEEP over lower 
PEEP in adult patients with sepsis-induced 
moderate to severe ARDS. 

 Weak recommendation; moderate quality of 
evidence

 We recommend using prone over supine 
position in adult patients with sepsis-
induced ARDS and a PaO2/FIO2 ratio <150.

 (Strong recommendation; moderate quality of 
evidence)



Mechanical Ventilation

 We recommend against the use of HFOV in 
adult patients with sepsis-induced ARDS. 

 (Strong recommendation; moderate quality of 
evidence)

 We recommend against the use of beta-2 
agonists for the treatment of patients with 
sepsis- induced ARDS without 
bronchospasm. 

 (Strong recommendation; moderate quality of 
evidence)



Mechanical Ventilation

 We suggest using lower tidal volumes over 
higher tidal volumes in adult patients with 
sepsis-induced respiratory failure without 
ARDS. 

 (Weak recommendation; low quality of 
evidence)



GLUCOSE CONTROL

1. We recommend a protocolized approach to 
blood glucose management in ICU patients with 
sepsis, commencing insulin dosing when 2 
consecutive blood glucose levels are >180 mg/dL. 
This approach should target an upper blood 
glucose level ≤180 mg/dL rather than an upper 
target blood glucose ≤110 mg/dL. (Strong 
recommendation; high quality of evidence)

2. We recommend that blood glucose values be 
monitored every 1 to 2 hrs until glucose values 
and insulin infusion rates are stable, then every 4 
hrs thereafter in patients receiving insulin 
infusions. (BPS)



GLUCOSE CONTROL

3.  We recommend that glucose levels obtained 
with point-of-care testing of capillary blood be 
interpreted with caution, as such measurements 
may not accurately estimate arterial blood or 
plasma glucose values. (BPS)

4.  We suggest the use of arterial blood rather 
than capillary blood for point of care testing 
using glucose meters if patients have arterial 
catheters. (Weak recommendation; low quality 
of evidence)



Activated Protein C



 Mechanism of action:
 antithrombotic, antiinflammatory, profibrinolytic.

 PROWESS Trial:
 1690 randomly assigned to placebo or DAA, 28-day mortality rate was 

significantly lower in the drotrecogin-treated group (24.7% vs. 30.8%).

 In 2001, FDA approved the use of drotrecogin alfa (activated 
DAA ) for the treatment of severe Sepsis.

 DAA produced the largest benefit in the sickest subgroups, with 
an absolute mortality reduction of 7.4% in patients with more 
than one organ dysfunction and 13% (P = 0.0002) in patients 
with APACHE II scores totaling more than 24.

 The treatment was effective regardless of age, severity of 
illness, the number of dysfunctional organs or systems, the site 
of infection (pulmonary or extrapulmonary), and the type of 
infecting organism (gram-positive, gram-negative, or mixed).

Activated Protein C



Activated Protein C

Drawbacks:

 Change in study protocol, drug preparations, APACHE scoring.

 Increased risk of bleeding including fatal intracranial hemorrhage, in 
patients receiving DAA.

 The study excluded these groups of patients :
 Higher risk of bleeding, INR > 3.0, hypercoagulable states.

 Chronic liver disease, pancreatitis.

 Chronic renal failure who were dependent on dialysis.

 Recent surgery, organ-transplant recipients, HIV with CD4 < 50 cells.

 Patients with thrombocytopenia (defined as a platelet count of less than 
30,000 per cubic mm). 

 Those who had taken acetylsalicylic acid at a dose of > 650 mg per day 
within three days before the study.

 Age <18 years, weight > 135 kg.

 Many patients with severe Sepsis meet one or more of these criteria. 

 Further studies will be needed to assess the safety of activated protein 
C in these groups of patients. 



Conclusions…

 The incidence of Sepsis is increasing.

 Possible contributing factors : 
 Use of antibiotics leading to microbial resistance

 More invasive procedures

 Increasing use of immunosuppressants.

 There have been new insights into the pathogenesis of 
Sepsis which could be potential therapeutic targets in 
the future.

 Treatment of Sepsis includes early institution of  
antibiotics, volume resuscitation, tight glycemic control, 
steroids protein C when indicated.



TERIMA KASIH


