Use of procalcitonin assay to
streamline antibiotic usage
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Procalcitonin — physiology & kinetics
_imitations

Different settings

- primary care & AED

- critically ill patients

- neutropenic febrile patients

- autoimmune diseases

- neonates

Local experience




Procalcitonin — kinetics
116 amino acid m
precursor polypeptide ot -¢
calcitonin ;

Half-life 24 hrs,
Independent of renal
function

Calcitonin level
would not increase

as enzymatic cleavage
of calcitonin is

bypassed.

Greater sensitivity &
NPV than CRP

Reinhart K, et al. Crit Care Clin 2006;22;503-519




Physiology

In animal models of
sepsis, PCT
administration increased
mortality

Expression in WBCs is
only increased transiently
during the differentiation
from monocytes to
macrophages

Neutropenic bacteremic
patients have no
deficiency in generating a
PCT response

inflammatory host response
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Limitations:
Non bacterial causes of increased in PCT

Neuroendocrine | Systemic Trauma Autoimmune | Other

inflam- (2-20 yg/L) diseases Infections
mation

Medullary thyroid | Inhalational | Mechanical Adult onset Fungi (0.69 —

cancer Injury Injury Still's disease | 103 yg/L)
SCC lung Pulmonary Burns Vasculitis? Malaria (662
aspiration yg/L)
Carcinoid Pancreatitis | Extensive SLE?
surgery
cirrhosis Cardiogenic
shock
Mesenteric
Infarction

Heat stroke

Neonate <
48hs



Limitations: Intracellular bacteria?
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Figure 1 Procalcitonin serum r_onr_cnr. ons (ng/ml) in adults with pneumococcal pneum Legionella
preumnonia, tuberculosis andPne:.rm_ws vecpr_u onia.

e /5 patients presented with PTB, only
41.3% have a PCT value > 0.5 yg/L (range
O . 02_ 1 . 09 qg/L) Jpn J Infect Dis 2006; 59:164-167.



Primary care / AED patients

Table 2. Overview of Design and Content of the RCTs Grouped by Study Setting

Study Research
Source Design® Diagnosis Duestion Algorithm by PCT Level, po/L Outcome
Primary Care Setling
Briel et al,™ Multicanter, lpper and Safety and reduction of Abx =010, SRA& 0.10-0.25, RAK rimar].r: days with restricted
2008 noninferiority  lower AT with repeated PCT-level Lecheck BOT level at B-24 1 if (s activity infirst 14 d
measurement? initiated Secondary: Abx exposure,
adverse events at day 28
Burkhardt Multicenter, Upper and Safety and reduction of &bx =025, RAS w Primary: days with significant
et al® 2010 nonirferiority  lower RTI with single PCT-level health impairment at day 14
measuremeant? Secondary: Abx exposure
ED Seflings
Christ-Crain ED only, single  CAP, AECOPD,  Reduction of Abx for lower =010, SRA& 0.10-0.25, RAK Primary: Abx prescriptions at
et al =2 2004 center bronchitis RTI with repeated CAF in RFA; =050, SRFA; recheck PUT e day 14
ED with singla PCT-level after 624 hif no Abreinitiatet— Secondary: readmission,
measurement? relapse, Q0L cost
Christ-Crain ED and CAP Reduction of Abx for CAP =010, SRAK 0.10-0.25, RAKL; Primary: duration of Abx at
at al,@ 2008 inpatient, with repeated PCT-level Rl&; =050, SRFA; recheck PCTTETE day 28
single center measuremeants? every 2 d; discontinme i witirsame Secondary: mortality, adverse
cutoffs outcomes
Stolzet al ™ ED and AECOPRD Reduction of Abx for =010, SRAL 0.10-0.25, RAL Primary: Abx use in hospital and
2007 inpatient, AECOPD with repeated RFA; =050, SRFA; retest PCT levETevery  first 6 mo
single center PCT-level measurements? 2 o discontinue ADCWINTSame cutoffs  Secondary: ICU, death, LOS,
AECOPD recurrence rate
Long et al, = ED at 2 centers  CAP Reduction of Abx for CAP in =025, H no Abx, retest  Primary: Abx use within 28 d
2008 outpatients with repeated PCT at 81T, aek PCT every 3 d; Secondary: clinical recovery,
PCT-level measurements? discontinue thsama.stoffs treatment failure, cost of Abx
Kristoffersen  ED and Lower RTI Reduction of Abx for lower  =0.25, RAAD.25-050, RFA; 30.50, SRFA  Primary: Abx uze
gt al, = 2009 inpatient, RTI with single PCT-level Secondary: adherence to
single center measuremeant? algorithm, mortality, 1CU
Schustzetal™ EDand CAP AECOPD,  Safety, Abx use, and =010, SRA& 0.10-0.25, RAA ( Primary: noninferiority of
2008 inpatient, bronchitis feasibility in CAF, AECOPD,  RFA; =050, SRFA; retestPET [Pveieiery  adverse outcomes af day 28
multicerter and bronchitis? 2 d; discontinue Ak with same cutoffs  Secondary: duration of Abx
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Therapy decisions — start / withhold antibiotics

Tahle 3. Primary and Secondary Outcomes of the Different RCTs, Grouped by Study Setting

Martality. Control
Total vs PCT Groups, Al Use, Relative
Source Diagnoses No.  Mo. Dead/Total (2:) Controlvs PCT Reduction, 2 Key Findings
Primary Care Seftings
Briel et al,'* Upper and 458 1226 (0.4) vs Prescription: 97% vs 25% Frescrption: =74 Reduction of Abxwithout addifional
200g4 loweer ATI /232 (0} Duration {mean): 71 vs 6.2 d Duration: —13 days of restricted activity
Burkhanmit Upper and 550 027s (D) vs Prescription: 36.7% vs 21 .5% Prescripion: 42  Reduction of Abx without causing
et al® 2010 lower RTI Q/27s (0) Duration {mean): 7.7vs 7.8d Duration: 1 heath impaiment
ED Settings
Christ-Crain CAR AECOPD, 243 4A19(3.4) vs Prescription: 83% vs 449 Prescripion: 47 Reduction of Abx prescriptions
et al = 2004 bronchitis 4124 (3.2) Duration {mean): 128 vs109d  Duration: -15
Christ-Crain CAP anz 20151 1(13.2) vs Prescription: 99% vs 85% Prescription: —14  Reduction of initiation and duration
et al @ 2006 18151 (11.9) Duration {mean): 129 vs 5.8 d Duration: -55 of Abec without adversa
outcomes
Stolz et al AECOPD 208 106 (8.5) vs Prescription: 72% vs 40% Prescrption: -44  Reduced Abx exposure without
2007 5102 (4.9) adwverse outcome
Long et al = CAP 127 0AE4 (0] ws Prescription: 97% vs 85% Prescripion: -1 Reduction of Abzx use and shorter
2009 QVE3 (D) rrreienmnilente das 2] Duration: —40 Al duration
Kristoffersen Lower RTI 210 1A07 (0.9) vs Prescription: 79% vs 85% Prescription: & Reduction of duration of Abx use
et al,= 2009 2103 1.9) Duraton (mean): 6.2 ve 5.1d Duration: -25
Schuetz et al,™®  CARP AECOPD, 1350 33/628 (4.8) vs Prescription: 87.7% vs 75.4% Prescription: —14 | Moninferiority Jor clinical outcomes
2009 bronchitis 8T (51) Duration (median): 87 vs 5.7 d Duration: -34 and decreasad A use
PCT Algorithm Mo PCT Algarithm ) )
T 11 1 Fixad, Peto OR Peto Fixed OR
Study or Subgroup Evenis Total Events Tatal Weight. % (05% CI) {952 Gl
1.1.1 Prireary care trials Mortality
Briel &t al 4 2008 i 232 1 2% 0.3 013 (0-864) o+
Burkhardt at al 21 2010 i e 0 75 Nt estirnabla
Substotal 507 50 0.2 042 i0-6.64) ————
Tatal No. of events 0 1
Hatarogansity: not appicable
Teeat for owarall effect: 7 =1.01; F=31
1.1.2 Emergency departmant trialz
Christ-Grain et 4 22 2004 4 124 4 19 16 (.06 0.23-3.01) —_—
Christ-Crain et d 2% 2006 18 151 il 151 12 (.30 i0.45-1.75) ——
Siolz et al, ¥ 2007 & 0z a 108 44 057 iD.12-1.67) —
Krigtoffarsan ot o € 20082 2 103 1 107 1.0 2.04 i0.21-19.81) e
Sohuatz et o, 15 2000 3 &7 ] Ea Md 1.08 iD65-1.73) ——
Long &t al, 2= 2000 0 ] a &4 Not etimable |
_?:E}u:‘zl. _— o 1214 . 1235 06 0.05 [0.67-1.36) P ST s B
Hetsragensity: #3=1.54; P=82 17 =0% Fﬁ;‘ﬂ;m F“*ﬁgﬁf’:ﬂﬁ"ﬂ“

Teet for owerall effect: 7 =027, F= 78



Proposed algorithm for low-acuity non-pneumonic
and moderate-acuity pneumonic infections

A

Ewaluation at ime of admiszion

PCT result

Recornmandation
regarding use of Abx

Owarruling
the algarithm

Faol low-u pfother
comments

<040 pgiL =02 pglL
Strongly Discouraged
discovraged

Considar usa of antibiotics if patients ar clnicaly
urestable, have strong evidence of preumonia,
ara at high risk {is, GOPD GOLD 1I-1V),

or resd hespitalization

Follova-up orly nesded if no symptom

resalution after 1 to 2 days; if clinical

siuation is not improving; coreidsr Ahe:

if PCT lewal incmases to =025 pall

=0.50 porL

Strongly
ancouragad

Glinizal eevaluation s approprists

E]

Evaluation at ime of admizzion

PCT result

Recornmandation
regarding use of Abx

Owarruling
the algarithm

Follow-u plother
comments

=040 pg/L =0.2% pg/'L
Strongly i
discot Discouraged

Considar albamative diagnosis, or Abe:

it patients ars dinically uretable,

ara at high risk for adverss oulcoms

{20, P51 classes M-V, immunosupression),

or havwe strong evidence of a bactanal pathogen

Regsssas patients’ condition and e heck
P iavel after & to 12 hours if no clinical

improvament iz obsarvad

Follow-up ewalualion ewery 210 3 days

=0.50 paiL

Stronoly
ancouraged

Rechack PCT level avery 2 to 3 days 1o
congider sarty cessation of Ak

PCT result

Recommeandation
regarding use of Abx

Owarruling
the algarithm

Follow-u pfother
comments

<040 pg/L =0.2% pg/lL
Cemsation of Cemsation of
therapy strorgly therapy

ancodraged ancouragad

Considar continuation of Abe it patisms
ars clinically not stabla

Chnical resvaluation as appropriats

=050 pgid
Gossation of
therapy strongly
dizcouraged

Gonsidar trasimeant o hawvs failed if PCT
kevel dows not decrease adsquataky




Critically ill patients

Pooled 1602 SIRS
patients

Unlikely to be helpful in
assisting clinical
decision (with a pretest
probability of sepsis of
40%, PCT would only
raise the post-test
probability to 66%)

NLR 0.43 (reduce the
post-test probability to
23%, not enough to rule
out an infection)
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dazhed Enes epreserting its 25% Cl. 3e of drdesis proporti onal towseighiting by inversevanance. SE=standard emar.
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VAP?

Table 1 Studies Evaluating Procalcitonin Concentration as a Diagnostic Marker of Ventilat or- Associated Pneumonia
Reference Mumber of Subjects Crt- off Sensitivity Gpecificity

VAP Mo VAP (ng/mL) (%) (%)

Duflo et al, 2002** a4 52 3.9 41 100
Ramiraz at al, 200879 4 11 2,959 78 a7
Luyt at al, 20084 2 41 7 11 1
Charlas et al, 2009°* 47

#H

y i
23 0.44 65 a3
Jung &t al, 2010 A 3

38 0.5

VAP, ventilator-associated preumaonia.

e Incorporating into a clinical '
score (e.g. CPIS) did not i ® "
Improve its diagnostic value S

* 89.6% receive antibiotics at i ul
inclusion and 65% received -
antibiotics despite PCT < 0.5

ng/mL (PRORATA trial) "7 eromata  prowap

Figura 1 Number of antibiotic-free days alive on day 28 for
. . . patients with ventilatorassociated preumonia included in the
() KInetICS mlg ht be useful PHDHJ':'-_:":'- [I!Ellm Ol !:l"l-_' ProVAP trial ** managed g;.um::il"g to
aprocalcitonin algenthm (black bars) ora conventional control
strategy (white bars).

SEMINARS IN RESFIRATORY AND CRITICAL CARE MEDICINE/VOLUME 32, NUMBER 2 2011



Therapy decision — shorten antibiotics duration

ICU and Inpatient Settings®
avoboda et al = 1CU, single Postop septic  Improvement of outcomes  =2.00, change in use of Abx and catheters; Primary: [GU LOS, IGU mortality
2007 center shock after muttiple traumas or =2.00, utrasonography and CT, followed  rate, S0OFA score, days using
major surgery? by surgery ventilator
Mobreetal®  ICU, single Sapsis Reduction of Abein ICL Discontinue Ageaday 5 when @' r Primary: duration of Ak
2008 center patients with sepsis? decraase nfrum peak OfTT secondary: mortality rate and
L0 at day 228
Stolz et al = European and VAP Reduction of At in VAP in isn:untin le Abx; decrease Primary: Ate-free days alive
2009 Us 1CU, different ICLs? o el e, wynsider discomtmuing Ab;
multicentar = Sorordecreased <80%, continue

Abx; =1, continue Abx
Hochreiter ICL, single Postop with Reduction of Abx in postop  Discontinue At jEclnically improvement  Primary: Abx use
etal= 2009  center infection ICU patients with abservedan <1.00 Dr ff decrease to Sesondary: LOS

infection? 22t initra value for 3 d
abzarved
achroader ICL, single Postop with Reduction of Abx duration in -~ Discontinue Al if dir.ﬁe to @ Primary: Abx use
gtal® 2008  center SEVEre Sepsis  severe sepsisin postop decrease by @%-35% Ny 3 dsksertied  Secondary: LOS, mortality rate
ICL) patients?
Bouadma ICL, Sapsis safety and reduction of Ak =025, SRAS& 1.25-0.60, RAA; =050-1.00, Primary: mortality rate at days
gt al* 2010 multicanter in IGU patients with RF& =1.00, SKra, isuest PCT level in 28 and &0, Abx use at day 28
sepsis? e-12hif A in fated-tHaaartinge

| L1t iy
Abx when

from peak | B onsered



Therapy decision — shorten antibiotics duration

Svoboda etal=  Postop septic 72
2007 shock
Mobre et al = Sepsis 7d
2008
Stolz et al = VAP 101
2009
Hochreiter Postop 110
et al= 2008 patients with
imfection
Schroader Postop severs 27
et al * 2009 Sepsis
Bouadma Sapsis B2
et al 2 2010k
[mtansive care unit trials
Geabada et al 27 2007 10
Miobra et al 23 20048 g
Hechirsiter et al * 2008 15
Gtolz et al 2 206 8
Schroader et al = 2009 3
Bowadma st al = 2010 1
Sulbxtatal
Tuotal No. of events 109

Hetareqganaity: 1= 2.67; P=T5 I*=0%
Tet for overall effect: 7 =0.76; F= 45

Takal

Tutal No. of events 172
Hatarogenaity: x |1'1= E.I P=R212=0%
Tesd for overall effect: 7 =0.81; F= 42

13/34 (38.2) vs
10438 (26.3)
12/40 (30.0) vs

8/39 (20.5)
12/50 (24.0) vs
&/51 (1.7}

14/53 (26.4) vs
16/57 (26.3)

313 (23.1) vs
314 (21.4)

B4/314 (20 4) vs
657307 (1.2)

a8
a0

a7
51

14
07
=111

227

Test for subgroup differences: 3x2=1.01; P= 80; /£ =0%

Inpatient and ICU Settings
MA

Duration (median): 9.5 vs 6.0d

Bb-fres days alive: 9.5 vs 13
Duration imedian}: 15 vs 10 d

Duration (mean): 7.9vs 5.9d

Duration (mean): 8.3 vs &6 d

Abwc-frea days alive: 11.6vs14.3
Duration (mean): 9.9vs 6.6 d

13 3
12 40
14 53
12 50
3 13
Ed 4
504

118
2240

186

M&,
Duration: -37

Abie-fres days
alive: 27
Duration: -33
Duration: -25

Duration: 20

Abx-fres days
alive: 19
Duration: -33

23
g1
T2
b
16
344
59.1

100.0

Trend to decrease in SOFA and
ventilator1CU days

Reduction in Ao duration and IGL
LOS without adverss events

Decreased Abx use without
increasing mortality rate

Reduction in Az duration and 1GLU
LOS without adverss events

Shorter Abx duration

Reduction in Abx use without
increase in mortality rate

058 (0.22-1.56)
051 (0.22-167)
098 (0.43-2.32)
050 (0.22-1.58)
01 (0.15-5.42)
1105 {0.71-1.55)
0.9 [0.68-1.20)

0.8 {0.73-1.14)

0ol A0

Favors PCT

Alyorithim

1000 100.00

Fawars No PCT
Algorithr

1.080



Proposed algorithm for high-acuity infections in

G

ICU settings

Evaluation at time of admisgion

PCT result

Recommandation
regarding use of Abx

Crearruling
the algarithm

Follow-up'other
comments

«0.25 pg/L <0.50 pg'L
Strongly Digcouragad
discouraced

=0.50 pg/L =1.0pgl
Ercouragad Stranoly
ancouraged

@mamﬂy recomimendad in all@th clinical suspicion of infection

Considar attamative diagnosis; reasssss
patisrits condiion and recheck PCT level
ewvany 2 days

Follow-up awaluation every 110 2 days

Reassass patients’ condiion and rechack
PCT levinl evary 2 daye to considar
cagaation of Abx

PCT result

Recommandation
reganding use of Abx

Crearruling
the algarithm

Follow-up'other
comments

< 0.25 pg/L or <0.50 po'L or
drap by =80% drap by =80%
Caezation Ceessation of Al
of Ak strongly ancouraged
ancoLraged

Considar continuation of Ak if patients are
chnicaly unstabls

Chnical reswaluation as appropnats

=0.50 pgiL =1.0 polL

Cessation of Ak Cassation

ancoiraged of Ak etrongly
discouraged —ancouraged-

Congidar trestment 1o havs failed if PCT
kevel doss not decrease adsquataly



Prognosis

In relation to 90-day mortality among

critically ill septic patients

« PCT level 1-5 uyg/L correlates with
mortality of 11%

» 51-100 yg/L -> 42%

Curr Opin Crit Care 13:578-585



Category of infecton

Lascalised Climically Fever of
7 = bacterial Severs localised Systemic  unknown
N e u tro p e n I C e rI e Bacteraemia  infection SEpsis infection YOO wrigin
= Mumber of pationts 52 432.1%) 14 (HA%) IA76% 27 5{31%)  55034.0%)
atl e ntS Agge in years fmean + S0 S04 £ 182 FB3£25 5B6+150 23+ 194 500+X9 491 £ 193
p M Jehemale ratio 23} Hafy Holl %11 &1 316
L] l.-'ir.:.: ma Hg‘r.m'.-:v
{ramber of ]:ut'lrr.b-:-
° N —_— 1 5 8 AML = 5 7 1 2 kY
—r MWHL 7 4 2 2 - 1
ALL 1 3 1 4 2 11
Orher 2 2 2 3 1 3
° At P CT t ff Underying infaction
a C u = O Primary bactersemia 31 - - - 1
U 1 7 3 - -
LETI 3 3 5 g 3
o B - Central venomes catheter 17 1 1 1 -
of 1 ng/ml, sensitivity o= .
) lolabed pathogen
P . CME 2 1
& specificity for pesmrot S S
Escherachia coli [ 7
. . Peeidommomies aenigmosa 3 -
Klrbsallie ey e 2 2
bacteremia is prs : -.
Ortheer 10 1 3 1

44.2% & 64.3%, §  AMsctemysopmors e NHL o Hodgh's yopboms; ALL sl ikt e LU
Advent of fever Mean (+/- SE) PCT level

respectively (ng/ml)

1st 1.17+/- 0.44
2nd 0.42 +/- 0.19

Clinical Microbiology and Infection, Volume 10 Number 7, July 2004

ejt 0.86 +/- 0.36

4th 0.39 +/- 0.18



Mean (£ SE) PCT level Ing/mL}

Localised Clinically Fever of rolled in the study, correlated with
bacterial Severe lircalized unknawn the category of infection
Bacteraemia infection sepsis infection erigin ’
Adebrile nenstropenda 085 + 037 036 £ 0.10 & +£0.12 024 + (02 L3+ 017 l_g;"-l
Achvent of fever A
Tst day 298 + 1iB*" 098 = 0.24° 1454 = 5069 087 = 023 111 = 027 r
2 chay 233 + 054" 074 = 0.17° 14.48 + 68 199 + 15% 191 £ 032
Ind day 157 £ 0375 A1 = 0.34° 12.7% + 615 102 = 031% L14 + (0149
dth day 104 + 0.3 0153 = 0.17° A391 £231% 147 = 1L1F L17 + (52
b b e 130+ 037 139 £ 0.2 HAY £ 5465 053 + k15 L72 £ (L1&
'1:! h.EE-{mm‘ignﬂimﬁ w hemy a:nnP.m-hﬁg thee PUT Lol od P.:'I.'imh with b chers emnia to those ot P.:ti:nh with fever
o unknoowm -:n-igi'n LELICE,
bf|_:| NS whemn q:-:rrrlP.:rh'ﬁg the PUT levels of P:tienh with backeraemis to those ot P.:'hmh with locabsed bacterial
inchescHiovme.
“p NS w e comparing: the PCT kvelk of matents with kealised bacterial infechons i those of petients with FLIOL
d]:l < (LN when comparing the PCT levels of patient with sevems spei to those of patents with kbcalisd
incher i,
“p (LA -::-T’p < (LKA w hemn comparing the PCT levek of patients with seven: sepsis to those of patients with FLICY
Bp M whemn comparing the PUT levels of patients with chinically kocalised indections to those of patemts with FLICL
Table 3. Daily follow-up of C-react- . (e SE) CHP level Gmmrls
ive protein (CRP) levels of patients o -
enrolled in the study, correlated Localised Clinically Fever of
with the category of infection bacterial Severe lircalised unknowm
- Bacterasmia i b ction e im e ction origin
Afesbrile Twma troqpen i S{H = 9 S04+ 399 96,3 = 269 M 72 294 = B2
Shveant o fever
st day BT = 192 a9 = SPAF 26 = RS 511 = 714 H25 = 179
2ned day 1239 = 12.&:: Ak = 353; 2142 2 zz-m'i 1290 = 'm: 7E1 = 156
H Ard 1238 + 131 L i e B T 2E.0 £ 516% 120+ 93 A73 + 169
Suerved 979 +/' 129 ng/ml— -ithd:;r 1185 = 26.5%% 166.3 + 69T TAO £ 405 W0+ 150 815 = 200
Afederife T 169 1226 = 33.9 HE.T = 5016 1468 = 53.2 532 = 116

Died 20.45 +/- 4.48ng/mL

(p<0.0001)

Table 2. [hi]}r fnl]nw—up of pm-calc—
itonin (PCT) levels of patients en-

‘P h.E'b{'ﬁc:rn—n'ign:i‘li:.:nﬁ whesm -D::rrnP.:ﬁ'ng thes CEF kawvels o P.:timh with bactersemda to theoees od P.:tienh with fewver
of unkmosm origin (FLICH
hfp NS when comparing the CEF levelk of patients with bacteraemia iy thoee of patients with localised bacterial

“p NS v heem comparing the CREF levels of patients with localised bacterial indections to those of patients with FLIC.
DS ar "MNS whien comparing the CEF level of patients with sevens: sepsi to those of patients with locahsed

i Fesctiome

’P U039, SL00T o BhE v b n:h::-'rnP.:ri'nﬁ thes CEFP lerwrasls ot P.:tim‘h. with semwvera .-l-eP.-u'ﬂ. tan e ok P.:'l'imh. with FLICD.
P M when comparing the CRF levels of patients with clindcally localiesd hacterial to those of pabients with FLIC.



Bacteremia

Table 2
Diagnostic values in diagnosing bacteremia.

EngelAuthor Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Engel et al. [26] PCT: 0.5 (na,/ml) 73 86 73 86
Gigmarellos-Bourbouls et al. [40] PCT: 1.0 (ng/ml) T8.6 63.6 B4.6 -
Haombach et al. [27] PCT: 1 (ng/ml) 70 61 54 76

CRP: > 100 (ma 1) 83 51 58 85
von Lilienfeld Toal et al. [41] PCT: 0.62 (ng/ml) 72 77 62 24
IL-6: 297 (pg/ml) 12 B2 50 70
Person et al. [35] PCT: 1.3 (na,/ml) 79 a7 63 o4
CRP: 143 (mag/l) 58 a2 48 88
IL-6: 71 (pa/ml) 58 72 41 89
Gizmareliou e al. [30] PCT: 1.0 (ng/ml) 44,2 64,3 821 18.8
CRP: = 3.2 (mag/l) 4.6 21.4 62.1 8.3
Ruskonen et al. [31] PCT: 0.5 (na,/ml) 54.5 8e.2 - -
Kitanovski et al. [42) PCT = 1.04 (ng,/ml) 80.8 58.3 5.5
CRP = 124 (ma /) 75 86.3 63.2 017
IL-6 = 85.5 (pa/ml) 93.6 BE.6 GB.4 o7.2
Secmeer et al. [44] PCT: 0.4 (ng/ml) 92 50 92
CRP: 50 (mg ) 66.7 46,6 12 92

PCT: procaldtoning CRP: C-reactive protein; IL-6: interleukin-G; PPV: positive predictive value; NPV: negative predictive value

e Single vs serial measurements
* Type of organisms

Procalcitonin (ng/mL)

60.00 :
Coagulase Other Gram | Gram negative
negative | positive cocci | bacteria
staphlococci

¥
40.00 =
P=0.048

20,00 = .

PNS '

—_l 5 s

«— )

vl | :

Fig. 1. Distribution of concentrations of procalcitonin at
the time of fever manifestation among patients with
bacteraemia caused by coagulase-negative staphylococci,
other Gram-positive cocci and Gram-negative bacteria.



Fungal infections
e Normal PCT levels at the onset with

subseqguent Increases in patients with an
unfavorable course

-= |IFD
-4~ Non-fungal FE

—— Fever (Temperature > 38°C)
----- PCT = 500 pg/ml

Days

Figure 4. PCT Kinetics in persistent neutropenic fever during more th
point are shown.

Proportion (%)

1
20
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PCT In neutropenia

0.5 —1 ng/ml : local or uncomplicated systemic 4
infections |

1-2 ng/ml bacteremia or severe fungal infection
>2 ng/ml severe sepsis and septic shock

During early phase of fever (1st 24 h) nermal
values may be reported

Coagulase negative Staphylococci bacteremia
may cause no increase in PCT

Sensitivity at most 88% for bacteremic infection

Infection 36 2008 No 5



PCT In autoimmune patients?

N ot enou g h d ata Table 1  Differential diagnosis of non-infectious febrile diseases and relative values of CRP and PCT during steady state,

exacerbation of underlying disease and bacterial infection (no change from baseline indicated by =", mlative elevation

Conﬂ|ct|ng reSUItS |n fmm:mmmmhF"T":t;::;;:uﬁdmtmmmﬂzL —
the ||terature PP —— CRP PCT CRP PCT CRP PCT
. o RA = = t = i tt
NO Correlatlon :i.LrtEer'ritistempu'alis 1-."1'1 : ;I'ILT r:"a :l.fra :.’Ta
between PCT & i By R L
. . . # Behcet's - - f - 11 it
disease activity; Po—
« FMF - = it =/t H1 L
NSAIDs/steroid had e i T @ o
= 16D
no Impact on PCT - GRS
IeveIS Malignancy =/11 = n/a n/a =11 Hitt
ﬁm.ne.luss.fischenﬂa n ki by n by n
Different cut-off S
relating to different rral o fecton 2010) 0, 499 416

diseases entities?
Adult-onset Still's disease ->
elevated TNF a, higher cutoff 1.4 ng/m|



Neonates

* Physiological
postnatal increase of ™3

PCT reference ranges for neonates of o — 48 hours

serum PCT In healthy of age (including 95% of all measurements)

i G pretermi
neonates, with peak 06 2
values at 24 h of age - 85
 Meta-analysis 16 1830 .
studies (1959 ;j‘"" ’
neonates) pooled 24 :
sensitivity 81%
specificity 79% for

neonatal sepsis
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mrct Local experience

 Enzyme linked fluorescent immunoassay (ELFA)

ANRTIEODY-ANTIGEN WASHING DETECTION EEACTION
EEACTION
A A A
— A} ks . .'f
. PCT

&  mAb antilatacalen ALP

¢ Asparate - Dispense

; W
k”; U # ">
& 2

» The reaction occurs within the interior of the solid phase receptade (SPR)
whereby anti-calcitonin antibodies and conjugate form a sandwich.

 4-MUP is cycled into SPR and conjugate enzyme catalyses the hydrolysis
of the substrate into 4-Methyl-umbelliferone which is measured at 450nm.

e 20 minute incubation time

 Measurement range 0.09 — 200 ug/L

e $200-300 per test

» Review period (4/8/2010 — 26/5/2011) N=260



Conclusion

PCT not sensitive enough to rule out
bacterial infection in all setting

Reassessment in cases in which
antibiotics are withheld to ensure the
clinical condition improves spontaneously

Kinetics maybe more helpful to shorten
antibiotics duration

Supplement but not supplant clinical
Impressions

Need to consider the cost-effectiveness



The End.

Questions?
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		Procalcitonin – physiology & kinetics
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   - primary care & AED

   - critically ill patients

   - neutropenic febrile patients
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 Procalcitonin – kinetics

		116 amino acid precursor polypeptide of calcitonin

		Half-life 24 hrs, independent of renal function

		Calcitonin level



    would not increase 

    as enzymatic cleavage of calcitonin is

    bypassed. 

		Greater sensitivity & NPV than CRP















Physiology

		In animal models of sepsis, PCT administration increased mortality

		Expression in WBCs is only increased transiently during the differentiation from monocytes to macrophages

		Neutropenic bacteremic patients have no deficiency in generating a PCT response









Calc-1 gene -> preprocalcitonin -> proteolytic cleavage

Septic hamsters with peritonitis doubled the death rate

*









Limitations: 

Non bacterial causes of increased in PCT





		Neuroendocrine tumor		Systemic inflam-mation		Trauma
(2-20 ųg/L) 		Autoimmune diseases		Other infections

		Medullary thyroid cancer		Inhalational injury		Mechanical injury		Adult onset 
Still’s disease		Fungi (0.69 – 103 ųg/L)


		SCC lung		Pulmonary aspiration		Burns		Vasculitis?		Malaria (662 ųg/L)

		Carcinoid		Pancreatitis
		Extensive surgery		SLE?

		cirrhosis		Cardiogenic shock 

		Mesenteric infarction

		Heat stroke

		Neonate < 48hs 



































Translocation of LPS or bacterial products from the gut to the systemic circulation

Trauma: predict multiple organ failure

?early stages of bacterial invasion

*









Limitations: Intracellular bacteria?













		75 patients presented with PTB, only 41.3% have a PCT value > 0.5 ųg/L (range 0.02-1.09 ųg/L)             Jpn J Infect Dis 2006; 59:164-167.









Primary care / AED patients 























Therapy decisions – start / withhold antibiotics



Mortality 





Physicians were not asked to wait for PCT results before initiating antibiotics

Mortality 5.2% (PCT) vs 5.4% (control)









Proposed algorithm for low-acuity non-pneumonic and moderate-acuity pneumonic infections









Critically ill patients

		Pooled 1602 SIRS



    patients

		Unlikely to be helpful in assisting clinical decision (with a pretest probability of sepsis of 40%, PCT would only raise the post-test probability to 66%)

		NLR 0.43 (reduce the post-test probability to 23%, not enough to rule out an infection)

		







SIRS: tachycardia, leucocytosis, tachypnoea, pyrexia

Diagnostic OR >100 high accuracy; 25-100: moderate; <25 unhelpful









VAP?

		Incorporating into a clinical score (e.g. CPIS) did not improve its diagnostic value

		89.6% receive antibiotics at inclusion and 65% received antibiotics despite PCT < 0.5 ng/mL (PRORATA trial)

		Kinetics might be useful 





Ramirez et al: 20 patients with a previous infection excluded, 9 -> VAP  

Prorata trial: 307 patients in PCT group 75 has VAP

*









Therapy decision – shorten antibiotics duration































Therapy decision – shorten antibiotics duration



Mortality 21.5% (PCT) vs 23.4% (control)









Proposed algorithm for high-acuity infections in ICU settings

discouraged





2nd measurement within 6-12 h if antibiotics is withheld initially based on a low PCT level

Surgical ICU or post-operative patients, 1 ug/L may be sufficient to discontinue antibiotics 









Prognosis

In relation to 90-day mortality among

critically ill septic patients

		PCT level  1-5 ųg/L correlates with mortality of 11%

		51-100 ųg/L -> 42%  



Curr Opin Crit Care 13:578-585







Neutropenic febrile

patients

		N=158

		At a PCT cut-off 



   of 1 ng/ml, sensitivity & specificity for bacteremia is

    44.2% & 64.3%, respectively

		Advent of fever		Mean (+/- SE) PCT level (ng/ml)

		1st		 1.17+/- 0.44

		2nd		  0.42 +/- 0.19


		3rd		  0.86 +/- 0.36


		4th 		   0.39 +/- 0.18
































Survived 9.79 +/- 1.29 ng/mL

Died 20.45 +/- 4.48ng/mL

(p<0.0001)







Bacteremia 

		Single vs serial measurements

		Type of organisms













Fungal infections 

		Normal PCT levels at the onset with subsequent increases in patients with an unfavorable course 











PCT in neutropenia

		0.5 – 1 ng/ml : local or uncomplicated systemic infections

		1-2 ng/ml bacteremia or severe fungal infection

		>2 ng/ml severe sepsis and septic shock

		During early phase of fever (1st 24 h) normal values may be reported

		Coagulase negative Staphylococci bacteremia may cause no increase in PCT 

		Sensitivity at most 88% for bacteremic infection
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PCT in autoimmune patients? 

		Not enough data

		Conflicting results in the literature

		No correlation between PCT & disease activity;

		NSAIDs/steroid had no impact on PCT levels

		Different cut-off relating to different diseases entities?













Adult-onset Still’s disease -> 

elevated TNF α, higher cutoff 1.4 ng/ml



(case series & observational studies with variable patient characteristics & clinical settings)

Wegener’s granulomatosis & microscopic polyangiitis: cutoff 1 ng/mL

RA:  0.1 ng/mL 100% sensitive in ruling out bacterial arthritis 

        Patients with infectious spondylitis, IE with streptococcus, PAER pneumonia have normal PCT levels

SLE: peritonitis on antibiotics, SPNE septicemia with normal PCT

*









Neonates

		Physiological postnatal increase of serum PCT in healthy term & preterm neonates, with peak values at 24 h of age

		Meta-analysis 16 studies (1959 neonates) pooled sensitivity 81% specificity 79% for neonatal sepsis













Local experience

		Enzyme linked fluorescent immunoassay (ELFA) 



















		The reaction occurs within the interior of the solid phase receptade (SPR) whereby anti-calcitonin antibodies and conjugate form a sandwich.

		4-MUP is cycled into SPR and conjugate enzyme catalyses the hydrolysis of the substrate into 4-Methyl-umbelliferone which is measured at 450nm.

		20 minute incubation time

		Measurement range 0.09 – 200 μg/L 

		$200-300 per test

		Review period (4/8/2010 – 26/5/2011) N=260









Conclusion

		PCT not sensitive enough to rule out bacterial infection in all setting

		Reassessment in cases in which antibiotics are withheld to ensure the clinical condition improves spontaneously

		Kinetics maybe more helpful to shorten



   antibiotics duration

		Supplement but not supplant clinical impressions

		Need to consider the cost-effectiveness









The End.

Questions?

















Tissue that Secrete RProcalcitonin

Control  Sepsis

« In healthy person, only thyroid and Thyroid
lung secrete procalcitonin and then wsc

processed into calcitonin P’;:;""’“"
) C SR — B

Lung — —
« During bacterial infection, all Liver
parenchymal tissues could secrete Kidney
procalcitonin into blood stream il ]
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PROCALCITONIN (ng/ml)

Preumococcal Legionella  Tuberculosis Preumocystis

Figure 1 Procalcitonin serum concentratiors (ng/m) in aduits with preumocaccal pneumonia, Legionella
pneumonia, tuberculosis and Pneumocysti jiroveci pheumania.




Journal of Infection (2006) 52, 169-177




Table 1_Studies Evaluating Procalcitonin Concentration as a Diagnostic Marker of Ventilat or-Associated Pneumonia

Refarance, Narmber of Subjects Cao Sty Specitaity
VAP NovAP Tng/mt) ) o

Duflo ot al 200 “ 52 39 a 100

Ramiez ot l, 20087 s ) 2 i @

Loyt stal, 20087 B @ 2 @ @

Charks ota, 2008 @ = o 65 =

Jung o 3l 2010% = 33 o5 54 ®
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PRORATA ProvAP
Figure 1 Numiberof antbiotic-ree days aive on day 28 for
pationts with ventiatorassociated preumonia ncued n the.
PRORATA ai® or the ProVAP ris  managed according to
aprocalitoninalgorithm fblack bars) ora conventional control
stategy (white bars)
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Table 2. Daily follow-up of procalc-
itonin. (PCT) levels of patients en-
rolled in the study, correlated with
the category of infection




Table 3. Daily follow-up of C-react-
ive protein (CRP) levels of patients
enrolled in the study, correlated
with the category of infection
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Table2.
Diagnostc values in diagnosing bactremia.

Engelhuthor Cutoft wlue Senstivty (%) Spechty (%) PV () NV (%)
Eneletal. 26] PCT:05 (ng/m) s B i %
Giomrelos Boutouls et al. [@0]  PCT: 1.0 (ng/ml) 76 a5 %6 -
Hambach et a. [27] PCT: 3 (og/m) m o 5 7

@0 (nel) 8 o E 8
von Lifenfeld ool et al. [41] PCT: 0,52 (ng/m) » 7 ® 5
1L5: 297 (pa/m) » ® E n
parson et . [35] PCT: 1.3 (ng/m) n £l B %
& 143 (ma/) E = @ =
1L5: 71 (pg/m) ® » @ »
Gamaretou e a. [30] PCT: .0 (ng/m) “2 3 21 s
@P: > 32 (ng/) %6 24 21 53
Ruokonen et a. [31] L1305 (ng/m) 505 =2 - -
Kearorsi et a. [42] P> 104 (afml) 875 En 583 %55
& > 124 (ma/) i 53 532 27
IL6> 855 py/m) 95 £ e 972
Secmesr . [44] PCT:0.4 (ng/m) 53 S 50 2
P 50 (ngf) &7 6 12 =

“procalcitorin; CRP: Creactive protein; IL-6: interleukin6; PPY: positive predictive value; NPV: negative predictive value.
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Fig. 1. Distribution of concentrations of procakitonin at
the time of fever manifestation among patients with
bacteraemia caused by coagulase-negative staphylococci,
other Gram-positive cocci and Gram-negative bacteria.
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Figure 4. PCT kinetics in persistent neutropenic fever during more than 3 days: IFD vs. non-fungal FE. Median PCT values at each time
point are shown.
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Figure 5. Percent of patients with PCT >500 pg/ml and fever (temperature >38°C) in follow-up of IFD. The T0 for PCT and fever is set
on the point at which the first positive PCT value (500 pg/mi) has been documented.
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Table 1 Differential diagnosis of non-nfectious febrile diseases and relative values of CRP and PCT during steady state,
xacerbation of underlying disease and bacteral infection (na change from baseline ndicated by "~
from baselne indicated by "1 or 11, nsuffcient data idicated by ")

Steady state ‘Bacerbaton ot infection
@ =3 w o w =3
- - 1 - 1 1
- - 1 - 1 1
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s 3 -1 1 i3
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- - 1 2
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Table3

PCT reference ranges for neonates of o0 — 48 hours
of age (including 95% of all measurements)

Age in hours PCT[pg/L]

0-6 2
6-12 8
12-18 15
18-30 21
30-36 15
36-42 8

42-48 2
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