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Objectives

• Discuss the physiology of 
procalcitonin (PCT) as related to 
bacterial infections

• Compare procalcitonin levels to other 
physiologic and biologic markers of 
infection

• Understand the use of procalcitonin 
concentrations in antibiotic cessation



Disclosures

• I sit on our sepsis response task 
force and preach early antibiotics

• I write for A LOT of antibiotics in ICU

• I sit on our antimicrobial utilization 
committee and preach stopping abx

• I am a TOP utilizer of procalcitonin at 
OSU

• No commercial affiliations to disclose
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A Busy Morning

• 68 yo with newly diagnosed cardiomyopathy secondary 
to amyloidosis and atrial fibrillation develops new onset 
hypotension

‒ T 96.5 HR 97 BP 86/49 RR 24

• His nurse is called with his morning Hgb 5.8 mg/dl 
(down from 8.5 the day before)

• His abdomen is tense

• Over the morning he has increased work of breathing 
and hemodynamic instability

• His mental status worsens and he is intubated for airway 
protection
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Interventions

• A CT abd/pelvis reveals a 
retroperitoneal hematoma

• He receives 6u PRBCs

• He is started on 
norepinephrine

• He is started on empiric 
antibiotics for possible 
aspiration during intubation

• His bedside echo estimates 
an ejection fraction of 30%
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Why Don’t Patients Read the Book?

• He has evidence of cardiogenic, hypovolemic, and 
septic shock

• On day 2, his norepi gtts is weaned down and he is on 
minimal ventilator settings

• His hemoglobin has stabilized off heparin

• The pharmacists wants to know if you are continuing 
antibiotics…
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Your Thoughts…

He got better 

with antibiotics

He’s so tenuous

I have another 

etiology for 

shock

He has a white 

count and GPC 

on sputum

I can tell them to 

evaluate at 72-

hours and leave it 

for weekend team



Antibiotic Dilemmas
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CMS  mandated 

sepsis bundle 

(SEP-1)

CDC emphasis 

on antibiotic 

stewardship
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CMS Mandated Sepsis Care

• Within 3 hours

‒ Measure lactate

‒ Obtain cultures prior to antibiotics

‒ Administer antibiotics

‒ Administer 30cc/kg fluids (if hypotensive)

• Within 6 hours (if hypotensive)

‒ Apply vasopressors

‒ Assess volume status

‒ Repeat lactate
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Does the Antibiotic Choice Matter?

Abx < 1h

80.5% survive

Abx > 1h

66.8% survive

261 ED patients with sepsis

Mortality for “inappropriate abx” in ED 50%

Mortality for appropriate abx in ED 32.5% (p=n/s)



Antibiotic Stewardship

• Dedicating necessary human, financial and information 
technology resources.

• Implementing at least one recommended action, such as 
systemic evaluation of ongoing treatment need after a 
set period of initial treatment (i.e. “antibiotic time out” 
after 48 hours)

• Monitoring antibiotic prescribing and resistance patterns

• Reporting: Regular reporting information on antibiotic 
use and resistance to doctors, nurses and relevant staff

• Education: Educating clinicians about resistance and 
optimal prescribing
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CDC - Core Elements of Hospital 

Antibiotic Stewardship Programs



Antibiotic 
Resistance 
Kills
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Procalcitonin (PCT) – Super Hero!

• By Day:
‒ Mild mannered 

116AA peptide 
responsible for 
calcium metabolism 
released by thyroid

• By Night:
‒ Highly specific 

marker of systemic 
bacterial infection 
released by many 
different tissues
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Is Procalcitonin New?
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Where is Procalcitonin? 
EVERYWHERE!
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What causes Procalcitonin release?

• Systemic bacterial infections are 
associated with high PCT serum 
concentrations (Assicot Lancet 1993)

• Infections with low PCT
‒ Viral

‒ Localized bacterial

‒ Fungal (candida) (Raineri J Int Care 2017 5:58)
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When is procalcitonin elevated?
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Vidas B.R.A.H.M.S Manufacturers Website



Can Procalcitonin Prognosticate in 
Sepsis?

18

PCT increases with severity 

of illness

PCT in patients that do not 

survive (solid) versus 

survivors (dashed)

Meisner Crit Care 1999 3:49



Limitations

• Limitation is delay in turn around time
‒ At OSU 3-4 hours usually

• Can be falsely elevated
‒ Massive inflammatory response (burns, 

cardiac arrest, severe shock)

‒ Some non-bacterial infections

‒ Immune stimulatory therapy

‒ ESRD
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How Good is Procalcitonin?

• Let’s look at what we have now
‒ qSOFA

‒ CBC

‒ Markers of Inflammation

• CRP, IL-6

‒ Lactate

‒ Cultures



Sepsis Definitions
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• SIRS, qSOFA, and sepsis definitions 
all lack specificity
‒ Definitions rely on clinicians suspicion 

of infection



Leukocytosis in Sepsis

• Detection of leukocytosis 
(leukopenia) is hallmark of sepsis 

• Limitations include:
‒ Not sensitive (may miss up to 12%)

‒ Non-specific: stress response, steroids, 
etc. 

• In Day 1 post-op CABG patients
‒ Increased WBC sens 63% spec 24%

‒ Fever sens 24.5% spec 83.3%

‒ Combined sens 14.3% spec 91.5%
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C Reactive Protein

• Acute phase reactant synthesized by 
liver

• CRP is not specific for sepsis, but…
‒ High CRP may indicate more severe 

infection

‒ Improvement with CRP in first 48 hours 
indicates response to infection

• Overall, not a good biomarker for 
sepsis
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IL-6 in Sepsis

• Secreted by lymphocytes and 
macrophages in response to “danger 
molecules”

• Responsible for fever, synthesis of 
neutrophils, and synthesis of 
inflammatory proteins 

• May correlate with prognosis and 
duration of sepsis
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Procalcitonin 
outperforms other 
biomarkers
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© 2000 Lippincott Williams & Wilkins, Inc.  Published by Lippincott Williams & Wilkins, Inc. 2

Calcitonin precursors are reliable markers of sepsis in a 
medical intensive care unit.
Muller, Beat; Becker, Kenneth;  MD, PhD; Schachinger, 
Hartmut; Rickenbacher, Peter; Huber, Peter; Zimmerli, 
Werner; Ritz, Rudolf

Critical Care Medicine. 28(4):977-983, April 2000.

Figure 3 . Receiver-operating-curve analysis of serum 
calcitonin precursors (solid circles) vs. interleukin-6 (solid 
triangles), C-reactive protein (open circles), and lactate 
(open trianlgles) concentrations. 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) for 
the diagnoses of sepsis, severe sepsis, or septic shock.

PCT has good sensitivity / specificity



Lactate a Marker of a Sick Patient
(and maybe a good hospital)
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• Lactic Acid is not pathologic, but may indicate 
inadequate tissue perfusion / anaerobic metabolism

• Lactate is not specific for sepsis



Blood Cultures and Sepsis

• Blood cultures should be drawn 
within 3 hours of identification of 
sepsis
‒ Before antibiotics (per CMS)

‒ Without delaying antibiotics (per 
Surviving Sepsis)

• Positive cultures provide marker of 
infection, causative organisms, and 
antibiotic sensitivities

If they are positive



Organisms Found in Sepsis

Only about 30% have a positive blood culture

Only 50% have any positive culture

Martin et al, NEJM 2003:348;1546-54.

Fungi

Gram positive bacteria

Gram 
negative 
bacteria



Culture Negative Sepsis

• Positive cultures provide not just 
diagnostic information, but prognostic 
information



What Do We Know So Far

• We need to give early / effective 
antibiotics 

• We need to limit antibiotic usage

• Procalcitonin is a small peptide that is 
release in response to systemic
bacterial infections

• Procalcitonin outperforms other 
biomarkers of bacterial infection

• How can we use procalcitonin?
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Utilization of Procalcitonin

• Location

‒ Ambulatory

‒ Emergency Room

‒ Inpatient

• Antibiotic Use

‒ Initiation

‒ Cessation

• Protocol

‒ Absolute cut-off

‒ Relative decreases
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Procalcitonin In Ambulatory Care

• Limited utility in non-systemic infections

‒ Questionable utility in cellulitis or upper respiratory tract 
infections 

(Ann Derm 2016 28:704, BMC Pulm Med 2016 16:43) 

• Existing testing may be adequate

‒ UA for cystitis

• Turn around time may limit utility

• Best studied in lower respiratory tract infections
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• 458 patients with LRTI “in need of antibiotics”

‒ Dx: Colds, sinusitis, pharyngitis, otitis, bronchitis, 
influenza, COPD/asthma exacerbation, CAP

• Antibiotics discouraged for PCT ≤ 0.25 ug/L 
(recommended PCT > 0.25)

• Patients were called within 2-4 hours and informed of 
results

‒ Patients with negative PCT were retested in 24 hours

• Primary outcome – symptoms limiting daily activity

• Secondary outcome – antibiotic usage
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PCT reduced antibiotic usage

• Patients in PCT arm with 0.1 day increase in symptoms

• Antibiotic Usage

‒ Standard therapy – 97%

‒ Procalcitonin – 25%

• Side Effects – Diarrhea

‒ Standard therapy (antibiotic group) – 33%

‒ PCT – 20%

• Compliance with withholding antibiotics 85% in PCT arm

‒ 15% of time docs gave abx anyway

• Repeat PCT likely unnecessary

‒ Only 7% of patients with low initial PCT had repeat that 
was higher / needed abx
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How much does PCT change minds?

• 550 patients with respiratory tract infections

• Doc determined need for abx and then checked PCT

• In both PCT and control arm, doc thought abx were 
needed ~ 30% of the time
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How could I use PCT in Clinic?

• Well studied in respiratory tract 
infections

• Testing with call back to patient for 
antibiotics works well

‒ Cut off of 0.25 ug/L is safe

• Does not appear to add value in 
patients you do NOT want to treat 
with abx

• May help limit abx in patients that 
you are thinking of treating
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Procalcitonin in ED

• Multiple ED studies with over 3000 patients enrolled 
total

• Focus generally on decision to start antibiotics on 
patients

• Limitations include

‒ Turn around time

‒ Follow-up for patients discharged

‒ Bias to treatment in patients being admitted
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• 1359 patients in tertiary ED in Switzerland

• Use of PCT for both initiation and stopping of abx in 
“severe” lower respiratory tract infections

‒ CAP, COPD exacerbation, bronchitis, other

‒ > 90% of patients treated as inpatients

• Rapid < 1-hour PCT levels performed on all patients

‒ Cut-off 0.25 ug/L for treatment

‒ PCT repeated days 3, 5, 7, and discharge

• Overruling of PCT suggestion possible for ICU patients / 
hemodynamic instability
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PCT Reduces Antibiotic Use in ED

• Outpatient antibiotic use

‒ Standard Care 59%, PCT 33%

• Hospitalized patients

‒ Standard Care 90%, PCT 78%
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Use of PCT is Safe in the ED
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• Adverse effect from antibiotics

‒ Standard Care 28.1% PCT 19.8%



How Compliant Were They?

• ProHOSP had excellent compliance with protocol

‒ 90.8% followed protocol 

• Includes 11.5% were PCT level was ignored due to 
clinical instability

• Providers were more likely to disregard 
recommendations for duration rather than initiation of 
therapy
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Is this physiology or psychology?
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How could I use PCT in ED?

• Well studied in lower respiratory 
tract infections

• Similar to ambulatory can call 
back patients with prescription

‒ Cut off of 0.25 ug/L is safe

• Can be used on both patients 
being admitted and discharged 
home
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Can procalcitonin help inpatient?

• Multiple studies with greater than 5000 patients 
participating

• Generally continuity of care from ED to ICU including 
medical wards

• Strategies focusing on both initiation (similar to primary 
care and ED) and duration of therapy

• Limitation

‒ How to handle critically ill patients?

‒ How to make timely decisions on initiation of therapy?
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What to do for COPD Exacerbations?
-or-

PCT versus “Green Phlegm”

• 208 patients admitted for COPD exacerbations

• PCT measured on day of admission

‒ PCT 0.1 ug/L abx strongly discouraged

‒ PCT > 0.25 ug / L abx encouraged
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PCT for Hospitalized COPD

• No difference in

‒ Hospital LOS

‒ ICU transfers

‒ Future exacerbations

‒ Changes in FEV1

‒ Re-hospitalizations
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• 1575 admitted to the ICU on antibiotics

‒ Excluded: severe immune suppression, endocarditis, 
severe viral/mycobacteria/parasitic

• PCT measured baseline and then daily

• Suggested abx stopped for either:

‒ PCT decreased by > 80% baseline

‒ PCT ≤ 0.5 ug/L

• Primary outcome consumption of antibiotics
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We can use this on sick patients

• 82% severe sepsis

• 18% septic shock

• 81% mechanically ventilated

• 9% on dialysis

• 96% on vasopressors

• 54% on steroids
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Can we reduce ICU antibiotics?

• Antibiotic Consumption

‒ Standard 9.3 (5.0-16.5) days

‒ PCT 7.5 (4.0-12.8) days

• Reinfection (with same bacteria)

‒ Standard 2.9%

‒ PCT 5%

• Compliance

‒ 44% stopped within 24-hours

‒ 97% stopped within 48-hours
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Checking Procalcitonin Saves Lives

• 28-Day Mortality 

‒ Standard care 25%, PCT 19.6%

• 1-Year Mortality

‒ Standard care 40.9%, PCT 34.8% (difference 6.1%)
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NNT = 16!



Procalcitonin in Critically Ill Patients

• Meta-Analysis of PCT-guided therapy versus usual care

• Differentiated studies into:

‒ Initiation – PCT determined starting of abx

‒ Cessation – PCT determined duration of abx

‒ Mixed – PCT for both start and stop decision

• 15 studies of critically ill patients including 6037 patients

• In ICU studies, use of PCT reduced total antibiotic days 
by an average of 1.65 days [0.89 – 2.41]
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Procalcitonin Improves Survival in 
Cessation Studies
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Procalcitonin in Respiratory Infections

PCT Patients Had:

‒ Less antibiotics

‒ Fewer days of 
antibiotics

‒ Lower mortality

‒ Less side-
effects
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Procalcitonin in Respiratory Infections

PCT Patients Had:

‒ Less antibiotics

‒ Fewer days of 
antibiotics

‒ Lower mortality

‒ Less side-
effects
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Putting it All Together

• Ambulatory – PCT-guided protocols reduce antibiotic 
usage and antibiotic side effects

• ED – PCT-guided protocols reduce antibiotic usage in 
lower respiratory tract infections

• Inpatient / ICU – Use of PCT protocol may

‒ Reduce antibiotic use 

‒ Reduce side effects of antibiotics

‒ Improve survival when used for decisions on stopping abx
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What Do Experts Say?
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What Do Experts Say?
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How Should We Use Procalcitonin?

• PCT can help differentiate systemic infections from other 
non-infections sources of inflammation

• For “low risk” non-critically ill patients, antibiotics can be 
safely held if PCT is < 0.1 ug/L (0.25 ug/L borderline)

• For critically ill patients, antibiotics can be safely 
discontinued for PCT < 0.25 or 80% less than peak
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Thermo Fisher Procalcitonin Package Insert



Our Patient

• Patient with on minimal ventilator settings, low dose 
vasopressors, and stable Hgb at 48-hours

‒ PCT concentration 0.07 ug/L

‒ Antibiotics held

• On ICU day #5 patient deteriorated

• Increasing norepinephrine requirements

‒ Worsening cardiogenic shock?

‒ Hypovolemia?

‒ New infection?
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Our Patient

• Patient with on minimal ventilator settings, low dose 
vasopressors, and stable Hgb at 48-hours

‒ PCT concentration 0.07 ug/L

‒ Antibiotics held

• On ICU day #5 patient deteriorated

• Increasing norepinephrine requirements

‒ Worsening cardiogenic shock?

‒ Hypovolemia?

‒ New infection?

• Antibiotics were restarted for worsening shock

‒ Repeat PCT 4.5 ug/L
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Conclusion

• Procalcitonin can aid in determining 
which patients will benefit from 
antibiotics in a variety of clinical settings

• Procalcitonin cannot replace your 
clinical judgement

‒ May help your existing markers for 
sepsis

• In critically ill patients, antibiotics should 
not be delayed waiting for procalcitonin

• Use of procalcitonin to stop antibiotics 
in the hospital will reduce your today 
antibiotic usage and may improve 
mortality
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Thank You

Matthew Exline, MD MPH
matthew.Exline@osumc.edu
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