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What is sepsis

1. Graph: https:// www.hli.ubc.ca/for-patients/the-sepsis-problem, accessed on 5-Jul-2016

2. Description from: http://www.sepsis.org/sepsis/definition/ , accessed on 6-Jul-2016

Sepsis is the body's overwhelming and life-threatening response 
to infection which can lead to tissue damage, organ failure, and 
death.
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Sepsis Etiology and Risk factors

Respiratory 
infection

Appendicitis

peritonitis

meningitis or 
encephalitis

Urinary Tract Infection

Cholecystitis, 
cholangitis

Post surgical infections

Skin infections

Bacterial

Fungi

Virus

Parasites

3. Risks factors from: http://www.sepsis.org/sepsis/risk_factors/ , accessed on 6/20/2016

4. https:// www.nigms.nih.gov/Education/Pages/factsheet_sepsis.aspx, accessed on 6/20/2016

5. Martin G,. Expert Rev Anti Infect Ther. 2012 June ; 10(6): 701ς706.

1. Infants and seniors

2. people with chronic or serious illnesses, such as diabetes and cancer 

3. those who have an impaired immune system

Others
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Sepsis is a life-threatening and costly condition  

Leading cause of death in the US

People killed each year 

Recognition rate among U.S. adults, causing many patients to go untreated

Annual costs to the U.S. healthcare system, most expensive to treat

Estimated cases of sepsis among hospitalized patients each year in the U.S. 

6. http://www.sepsis.org/news/2016/sa_mourns_loss_of_muhammad_ali_to_sepsis/ , accessed on 21-Jun-2016 

7. http://www.sepsis.org/faq/problem/, accessed on 21-Jun-2016

8. http://www.sepsis.org/news/2013/sepsis_most_expensive_condition/ , accessed on 21-Jun-2016

Increase in incidence of sepsis among hospitalized patients per year
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Sepsis symptoms

9. http:// www.cdc.gov/sepsis/basic/qa.html, accessed on 21-Jun-2016 8
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Sepsis Stages: Defining a disease continuum
Based on 1992 and 2001 international consensus

Sepsis
Severe 
Sepsis

Septic Shock

όмффнύ LƴŦŜŎǘƛƻƴ Ҍ җ н 
SIRS

Å Temperature җоуȏ/ ƻǊ 
Җ осȏ/ 

Å Iw җ фл ōŜŀǘǎκƳƛƴ

Å wŜǎǇƛǊŀǘƛƻƴǎ җ нлκƳƛƴ

Å ²./ Ŏƻǳƴǘ җ 
12,000/mm3 or 
ҖпΣлллκƳƳо ƻǊ Ҕ мл҈ 
bands

Å PaCO2 < 32 mmHg

Sepsis 

+ 

Organ dysfunction

Å Hypotension

Å Hypoxia

Å Elevated lactate

Å Lab markers of end 
organ dysfunction

Severe Sepsis 

+ 

hypotension after 
adequate fluid 
resuscitation
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Detecting sepsis early increases chances for survival!

5. Martin G,. Expert Rev Anti Infect Ther. 2012 June ; 10(6): 701ς706

10. Levy, et. Al. Intensive Care Med (2003) 29:530ς538
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Sepsis Stages: Defining a disease continuum
Based on 1992 and 2001 international consensus

Sepsis
Severe 
Sepsis

Septic Shock

(2001) Infection 

+ 

possible signs of systemic 
inflammation

ÅGeneral parameters

Å Inflammatory parameters

ÅHemodynamic parameters

ÅTissue perfusion parameters

Sepsis 

+ 

Organ dysfunction

Å Hypotension

Å Hypoxia

Å Elevated lactate

Å Lab markers of end 
organ dysfunction

Sepsis 

+ 

hypotension after 
adequate fluid 
resuscitation
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Detecting sepsis early increases chances for survival!

5. Martin G,. Expert Rev Anti Infect Ther. 2012 June ; 10(6): 701ς706

10. Levy, et. Al. Intensive Care Med (2003) 29:530ς538
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Sepsis
Septic Shock

Suspected/documented 
Infection 

+

Å 2 or 3 on qSOFA: hypotension 
(SBP <= 100 mmHg) 

Å AMS (GCS <=13)

Å Tachpnea(>=22/min) 

Or 

Rise in SOFA score by 2 or more

Sepsis 

+ 

Vasopressors needed 
for MAP > 65 mmHg + 

Lactate > 2 mmol/L 

After adequate fluid 
resuscitation
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11. Singer, M, et al, JAMA. 2016;315(8):801-810.

Sepsis Updated definition 
Based on 2016 international consensus

Sepsis:  life-threatening organ dysfunctioncaused by a dysregulatedhost response to infection.

* qSOFA: sepsis related organ failure assessment 
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Sepsis Management

Initial 
resuscitation

Antibiotic 
Therapy

Source 
Control

Fluid   
Therapy Vasopressors     

Corticosteroids    

Blood product 
Administration

Glucose 
control

Bicarbonate 
Therapy

D
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General

Inflammatory

hemodynamic

Organ 
dysfunction

Tissue 
perfusion

Infection: 
Documented
or suspected

T
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n
t

12. Dellinger RP, et, al. Intensive Care Med. 2013 Feb;39(2):165-228. 

Procalcitonin 
utility in Sepsis 
diagnosis and 
treatment 
described in the 
guideline.

12



Content

Overview of Sepsis

PCT utility in Sepsis management

PCT measurements and interpretation 
in clinical routine

13



What is procalcitonin (PCT)?

ü Synthesized by the parafollicularC cells of the thyroid in a normal person 

ü Consists of 116 amino acids

ü Peptide precursor of calcitonin, involved in calcium homeostasis

ü LOW PCT values in the blood of healthy persons:   95% of subjects have values 
<0.1µg/L

13. Graph: http:// classes.midlandstech.edu/carterp/Courses/bio211/chap16/chap16.htm, accessed on 20-Jun-2016

14. Content http:// emedicine.medscape.com/article/2096589-overview#a4, accessed on 20-Jun-2016

15. Christ-Crain M, Muller B. Swiss Med Wkly. 2005 Aug 6;135(31-32):451-60.
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Procalcitonin increases significantly as a systemic response to bacterial 
infection

The biomarker is

Å Specificto bacterial infection

Å Sensitiveto systemic bacterial 
infection (difference in healthy vs. 
infected patients)  

Å Ubiquitously and uniformly 
expressed in multiple tissues 
throughout the body in response to 
systemic inflammation

Å Lack of impact of anti-inflammatory 
and immunosuppressive states on 
production

15. Christ-Crain M, Muller B. Swiss Med Wkly. 2005 Aug 6;135(31-32):451-60.
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Procalcitonin kinetics in bacterial infection
PCT has a rapid and sustained response to bacterially induced systemic inflammation

16. http:// diagnostics.thermoscientific.com/hcp/us/en/specialty/infectious-disease/sepsis-procalcitonin-PCT.html, accessed on 22-Jun-2016

17. BrunkhorstFM, et, al.  Intensive Care Med. 1998 Aug;24(8):888-9.
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Daily measurement is recommended to properly follow PCT kinetics and assess disease 
onset and treatment effectiveness.  Additional measurement may be done every 6-12 h.

http://diagnostics.thermoscientific.com/hcp/us/en/specialty/infectious-disease/sepsis-procalcitonin-PCT.html


PCT kinetics compared to other Inflammatory biomarkers
PCT is a rapid marker that provides information about the course of the disease 

18.  WaageA, et, al.   J ExpMed.  1989 Jan 1;169(1):333-8.

19. http:// www.biomerieux-diagnostics.com/vidas-brahms-pct, accessed on 23-Jun-2016

20. MeisnerM et al. CritCare. 1999;3(1):45-50.

Figure.Kinetics of various markers of the inflammatory host response after endotoxin challenge in human volunteers. 
CRP, C-reactive protein; IL, interleukin; PCT, procalcitonin; TNF, tumor necrosis factor

IL-6, IL-10, TNF:   

quick onset but short half life, blood 
levels will not be detectable after 1-3 
days. Not specific for bacterial 
infection

PCT: 

Quick onset, half life 24 hour,  
correlate with disease severity reflect 
treatment effectiveness.

specific for bacterial infection

CRP: 

Slower kineticĄ slow to onset and 
slow to decrease after resolve of 
inflammatory course
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Utility of procalcitonin in sepsis diagnosis and treatment

Å Aid in diagnosis and risk stratification of 
bacterial sepsis

Å Aid in elucidating prognosis of sepsis patients

Å Predicating the need of antibiotic treatment 
in sepsis and to shorten duration of 
antibiotics required (reduce antibiotic 
exposure)

Å To monitor therapeutic response to 
antimicrobial therapy
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V Sensitive

V Specific for bacterial infection

V Rapid rise/decline with control of 
infection

V Correlate with disease severity

V Not impaired by neutropenia or 
immunosuppressive states

Key characteristics Utilities



Procalcitonin demonstrated diagnostic values in 
suspected sepsis patients

Figure:  ROC of plasma parameters (PCT; IL-6; and IL-8; upper panel), 
and of a clinical model with and without PCT (lower panel). Areas 
under the ROC were: upper panel, PCT, 0.92; IL-6, 0.75; IL-8, 0.71; 
and lower panel, clinical model with PCT, 0.94, and clinical model 
without PCT, 0.77.

19
21.  HarbarthS, et, al.  Am J RespirCritCare Med.  2001 Aug 1;164(3):396-402.

Prospective study 1: 

78 consecutive patients admitted with acute SIRS 
and suspected infection. 

PCT, interleukin (IL)-6 and IL-8 were measured 
within 12h of admission.  Biomarkers were 
compared in identifying critically ill patients with 
sepsis at admission



Procalcitonin demonstrated performance superior to that 
of other biomarkers for sepsis Diagnosis
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Prospective study 2:  

101 consecutive critically ill patients 
presented to ICU in a university medical 
center who are diagnosed with SIRS, sepsis, 
severe sepsis or septic shock. 

PCT, CRP, IL-6, IL-8, and lactate were measured 
on day 1, day 2 and the day of discharge from 
ICU or death.  measurements in identifying 
critically ill patients with sepsis

Figure:  ROC of plasma parameters (PCT; CRP, IL-6 and lactate.  
Values are shown for all time points (n=272; 101 values at 
admission,; 74 values on day 2 and 97 values on day of 
discharge or death).  Areas under the curve indicate that 
procalcitonin is the most reliable marker for the diagnosis of 
sepsis (p=0.01). 

22. Muller B, et, al.  CritCare Med. 2000 Apr;28(4):977-83.

PCT

CRP

IL-6

lactate



Procalcitonin levels correlate with severity of disease

21

Prospective study 2:  

101 consecutive critically ill patients presented 
to ICU in a university medical center who are 
diagnosed with SIRS, sepsis, severe sepsis or 
septic shock. 

PCT, CRP, IL-6, IL-8, and lactate were measured 
on day 1, day 2 and the day of discharge from 
ICU or death.  measurements in identifying 
critically ill patients with sepsis

Prospective study 3:  

40 surgery intensive care patients from a 
tertiary health care institution with SIRS or 
sepsis are included.  

PCT and CRP plasma levels, SOFA scores 
were determined daily 1-5 days and 8-15 
days after onset.  

22. Muller B, et, al.  CritCare Med. 2000 Apr;28(4):977-83.

20. MeisnerM et al. CritCare. 1999;3(1):45-50.



Procalcitonin is an independent predictor of mortality risk in septic 
patients

22

Prospective study 4:  

144 patients presenting severe sepsis or septic shock to IMC.  PCT was measured within the first hour after 
admission and day 1 and day 3.  Kinetics of PCT is defined by variation between admission to 72 hours and 24-
тн ƘƻǳǊǎΦ  ол Řŀȅ ƳƻǊǘŀƭƛǘȅ Ǌƛǎƪ ǿŀǎ ŜǾŀƭǳŀǘŜŘ ƛƴ ҟt/¢ ŘŜŎǊŜŀǎŜ ғ мр҈ ƻǊ ғнл҈ 

Prospective study 5:  

598 patients presenting severe 
sepsis or septic shock admitted 
to ICU.  PCT was measured 
daily for the first 5 days.  
Kinetics of PCT is defined by 
variation between admission 
or next day to day 4.   28 day 
mortality risk was evaluated in 
ҟt/¢ ŘŜŎǊŜŀǎŜ Ҕул҈ ƻǊ Җ ул҈Φ 

23. Pieralli, et, al.  J ClinMed Res. 2015 Sep;7(9):706-13.

24. ElecysBrahms PCT package Insert 


