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The role of Procalcitonin in the early diagnosis of sepsis in
patients with febrile neutropenia
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Faver (2383 'C ) and Neuvlropenia { < 0.5 x 107 cells/L )

' .
HIGH RISK
LOW RISK 4 i
" : 7
e e S "
climically stable and no medical comorbidities s Any meth "

y

INPATIENT IV ANTIBIOTICS
(OUTPATIENT ANTRIOTICS INPATIENT IV ANTIBIOTICS Empiric antbiotic monoherapy (any
/Ol mgunen i o e + Documented nlection requiring IV ofthe folowing}
mm 5 antibialics + Piperacilintazobactam or
g """m“""“’.' + Gastontestinal intolerance + Carbapenem or
? Pammpw&'-l '.’f “|w|'| « Patient & physiclan decision : Calaz_tdmoot

If responding and
Oral dprofioxacin + cnitena met for
amoxicibn/ oulpatient
clavuanate management (see
1)

Adjust antimicrobials based on specific cinical. radiograph
andlor culture dala. for example:

Observe 4.24 hours In dinic to « Vancomycin o linezolid for cellukts or pagumonia
ensure that empinc antibiotics . mmammwmu
are tolerated and patient pneumonia or gram negalive bacteremia
ramains stable priorto [ » Metronidazole for abdominal sympxoms of suspected C.
discharge for outpatient dificilo infection
thecapy

Fgure 1. lnitial managament of fever and neutropenia. *Limited data to support recommeandation. ANC, absolute neutraphil count; CT, computed
tamography; MRI, magnetic resonance imaging.
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l Day 2-4 after empinical antibiotic therapy l
LOWRISK | | HIGH RISK
retired o
A ] ¥ v L
e Persistent fever e Defervesed | o Documented e = Persistant fever » Delervesed
» Clinically unstable » Cullures negative Infection = Stable clinically * Cultres negative
| 4
No changes in
Hospitahze (# Continue oral o IV Modity anlitiotics ampincal
outpatient) for broad- antibictics uni ANC according o cullure antibiofics mcounmc>05no’
spectruen IV >0.5x 10" cetn/L results andloe infection celisil and fs
snidbiotics and nairg sze Assess or "9
infecton sites

_R.sponawg— —M\-mw\ﬂj

r

Modify anibiolics Continue anlibicsics for 7 - 14 day 5 :’m: b ‘"": :;":;ﬁ‘c': ) S o R
according %o culiure _|courss as appropriate for docusmented | during persistent
results andlor infecson, of longer ie. until ANC > ® Cullurabiopsyidrain sites of worsening neutropenia
infection site 0.5 x 10" celis/'L and rising fection: bacterial, viral ard

fungal pathogens

® Review antibiolic coverage for adequacy
of dosing and specinam

& Consider adding empirical antik
therapy

® Broaden antimicrobial coverage for
hemodynamic instability

Fgure 2. Reassass aftar 2-4 days of ampirical antibiatic tharapy. ANC, absolute nautraphil count: CT, camputed tamagaphy: N, intravenous: MR,
magnalic resmance rmaging.
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High - risk patient with proiongad (»4 days) fever

» Dally examination & history

» Blood cullures - repeat on limed basis
+ Cultures for any suspacted sites of inkaction

Y
' Unexplained ‘
Unexplained fever » Clinically stable Documented infecion
+ Cinicaly stable [+ Mysloid recovary nof + Clinkally unstable
« Rising ANC: Myeloid imminent + Worsening signs and
recomery imminent + Consider CT scan symptoms of inaction
sinu56e5 and lungs
y
¥ » Examing and reimage (CT, MRY) for
Qs &M"ﬁa ing
\ . Worsen
No simkcrociel cherges Receiving infaction. assass for bacterial, vial and
s dns, fuconazgle (ank Receing fungal pathogens
i mw yeas!) prophylaxis anthmold » Review sntbioti coverage for
Mm r i prophylaxis adequacy ol dosing and spactrum
+ Consider adding empirical antifungal
therapy
» Broaden animicrobial coverage for
hemodynamic instability
Y
Pre-empiive approach’, Empirical antifungal therapy Empirical antiungal
starl antifungal based upon with anti-mold coverage: therapy":
rasulls of + Echinocandin o consider swtch 10 8
o CT scans chesbisinuses o Voriconazole different class of
» Serial serum o Ampholericn B mokd ackive
galactomannan tests peeparation antifungal

Figure 3. Highrisk patint with fever after 4 days of empirical antibiotics. C. difficie, Clostridum difficikg N, intravenous.

€76 « CID 2011552 (15 February) ¢ Freifeld et al
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Calcitonin

Thyroid

cecon: = Calcitonin

L i gl Gladyl g andad) Gludy) die G ghandlS g ) 3131 ¢Slal gdii(Y) B gua

Production is Ubiquitous

Tissue

‘;

Calcitonin:
Sources of White Blood Colis
production s

in healthy |I........... > U
people

.....

--------

.........

= Sources of

e sensa Production
.| in Septic
........ Patients

Pancreas
Stomach
Small Intestine
Colon
Heart
Muscle [ Muscle @il

BECHEEE I
8

Skin R SR e nnnnnnnnl s
Visceral Fat ER. ... ...
Testes = [l Tostos wasnnsannnl.ooonie
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Procalcitonin Rises Rapidly

Serial procalcitonin concentrations in plasma of normal subjects
injected with endotoxin (4 rig/kg BW) at time zero.
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PCT Levels Correlate with
Severity of lliness

Sepsis
~ o PCT
sel . ez |
g ' - oMt
é " Y 3 0 Pt ° EN‘
- 1 l : F z,
o 1 I g
2 '! ’ vy —..‘ & 5 g e |
Lok i e,
1 1= ‘
| 0 LTS NS0 3 B Y | he? oo
o 0TI U138 19 P
§ t1..e. ¥ '@
= oy :: ::: Categorins in the SOF swcom CRB.65 score

O siall€ 5l 285 (S LS il ol oS LS sl (£) 5 gl (e ek LS
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PCT on the first day of fever among neutropenic
patients who presented with infection.

PCT (ng/ml)
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The Presence of Bacterial Infection Stimulates
Procalcitonin Production

Adipocyte
Golgi apparatus . > | PCT
s Ny 1"1. N’..
‘ '..O'.‘.‘.. ".-__: ¥ \: .v‘
LPS & B - O A
b “ S 2|; ¢ ; .
") =13 e S SN
: ¥ I
2 IL-1p ¢ IE e T Ay N
< TNFa CFmRNA | Y T e LS
2
-
S
E IFN=y
A
€ vl R ; :
= infection * Bacterial infection and cytokines stimulate production of PCT in
parenchymal tissues

= PCT is rapidly released into bloodstream
= Cytokines produced by viral infection inhibit this
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PCT KINETICS PROVIDE IMPORTANT INFORMATION ON PROGNOSIS OF
SEPSIS PATIENTS

PCT

IL-6

c

S 4

prar}

g

g m PCT
s ", e X CRP
V- " -

5 + O IL-6
g o X s + IL-10
5 J : e A TNF-a

1 2 6 12 24 48 72
Time (hours)

Clinical symptoms alone are often insufficient for early and accurate diagnosis

PCT levels, can be observed within 3-6 hours after an infectious challenge with a
peak - up to 1000 ng/ml - after 6-12 hrs. Half-life: ~24hrs

Specific to bacterial origin of infection and reflects the severity of the infection
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SIRS, Infection, Sepsis, Severe Sepsis
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overall sepsis diagram copy

Bone RC et al. Chest 1992; 101: 1644-55.
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Where is the evidence?

Observational studies Intervention studies
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Key: + moderate evidence; ++ good evidence;
+++ strong evidence; ? Evidence still undefined Image: Schuetz et al. BMC Medicine 2011 9:107
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The optimal cut-off values ranges of Procalcitonin (PCT) are

PCT <0.05 pg/L

Healthy individuals Determination of normal values with a high sensitive
assay revealed normal values to be below 0.05 pa/L.

PCT <0.5 po/L

Systemic infection (sepsis) Low risk for progression to severe systemic infection
is not likely. (severe sepsis)

Local bacterial infection is possible. Caution: PCT levels below 0.5 pg/L do not exclude

an infection, bacause localized infections (without
systemic signs) may be associated with such low levels.
Aiso if the PCT measurement is done very early after a
following bacterial challenge {usually < 6 hours), these
values may still be low. In this case, PCT should be
re-assessaed 6-24 hours later

PCT 205 - <2 pg/L

Systemic infection (sepsis) Moderate risk for progression to severe systemic

is possible, but various conditions infection (severe sepsis). The patient should be closely

are known to induce PCT as well.' monitored both clinically and by re-assessing PCT
within 6-24 hours,

PCT 22 - <10 pg/L

Systemic infection (sepsis) is likely, High risk for progression to severe systemic infection

unless other causes are known,' {severe sepsis)

PCT 210 pa/L

Important systemic inflammatory High likelihood of severe sepsis or septic shock
response, almost exclusively due to
severe bacterial sepsis or septic shock.
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The likelihood for bacterial infections
increases with PCT levels
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LRTI algorithm: Initial PCT

! PCT Value 0.1 gt 0.1-0.24 ug/L 2025050 | | 05
| |

1

Antiblotic Use Strongly Discouraged Encouraged Strongtly
_ Beconmendation Dcouraged ’ Encouraged
| * Consider atternative diagnosts \/
| * Repeat PCT in 6-12 hours if antibiotics not Repeat every 2-3 days to consider
| begun and no dinical improvement early antibiotic cessation
| If clinécally unstable, iImmunosuppressed See Algorithm 2
| or high risk consider overruling (PSI Class v-
| V. CURB>2, GOLD It or IV)
LRTI algorithm: Follow Up PCT

e 0.1 jg/L of 01-024 g/t or | l:ozs-osle [ 05 l
Bt A darad drop by >90% drop by >80% |

Antibiotic Use | Cessation Cessation | Lessation Cessation
Recommendation Strongly Encouraged Discouraged Strongly

Encouraged Discouraged
Consider continuing if i PCY rising or not adequatedy
dirscally unstable decroasing consider possiile treatment

fallure and evaluate for need for
expanding antibiotic coverage or
further dagnostic evaluation
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Sepsis algorithm: Initial PCT
PCT Value | OB | |uzs-oas.w1| .-o,skuyll l »1.0 g/ |

Antiblotic Use Strongly | Discouraged | Encouraged | Strongly
Recommendation Discouraged Encouraged
L. Consider altemative diagnosis
* Repeat PCT 0 6-12 hours if antibiotics Repeat daily for 3 days to consider
not begun ® early antibiotic discontiruation
* Il clinicaf®y unstable, mmunosuppressed See Algorithm 4

or high risk consider overruing

Sepsis algorithm: Follow up PCT

[ PCT Value I I <0.25 pght 0.25 - 0.49 pg/l 0.5 pg/t and 20.5 pug/L and rising
or drop by >80% decreased by <80% or not decreasing
Antibiotic Use Cossation Cessation Cossation Cassation Strongly
Necommendation Strongly Encouraged Discouraged Discouraged
Enmu':{/ /
Consider continuation i = A PCT value which Is rising or not
clinically unstable dedining at least 10% per day is a

POoor prognostic indicator and
suggests infection is not controdled
* Consider expanding antibiotic
coverage or further diagnostic
evaluation
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o) S e A pall (T8 gana (i patadl) (1 0) Jgand)

Report
and|
3 all g 5 Mean N Std. Deviation
Amad 29.42 26 7.495
A 31.33 30 8.019
Total 30.45 56 7.769
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(ool sl dnbual) cldau giall G 4 el Bl LAl (V1) Jgaadl

ANOVA Table
Sum of Df Mean F P
Squares Square valu
e
Between (Combined) 50.826 1 50.826 | 0.840 | 0.140
Groups
Within Groups 3269.013 54 60.537
Total 3319.839 55

(o2 DA 2 g A (5) v, 00 (e Sh Ay 0V E cali P value ol (V) detad e g
_M\Jﬁ\@swwdhﬂ\JW‘igﬁW\bﬂﬂd\w

Callaall c¥and) At dua (e (e ganal) G pudladl) Y

A Cus e dunadll g dae ) ol 3)) padl A pall ie pane G uilaill (V) Jsand)

Galhall caYaal)
calaal) i anl) a)ans
syl all g s Mean N
faaad 267.4 26
4a) 3027.8 30
Total 28%.0 56

3l all mye die Blhall EVaedl slaxdl sl Dasgidl o (VY)dsadl e eda
La sl 5 all e die Blaall C¥aell olaxi] leall Jasgiall YTV € dmasll
YOV A

oA

Std.
Deviation
217.171
166.825

191.117
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. A yal)
ANOVA Table
Sum of df Mean F P
Squares Square value
Between (Combine  22745.20 1 22745.21 0.618 0.12
Groups d)
Within Groups 1986170.5 54 36780.9
Total 2008915.7 55

sie alhaal) c¥and) Ml Agluall clbugiall P value of (YA) dssadl o g
dad b CUR) ¥ Al g) v 00 (Sl Ay VY A Al e gana
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Case Summaries
O SS9 ) a8 Sl (19) Jgand)

N Minimum  Maximum Range  Std. Deviation Mean
56 0 10 10 0.026 0.369

Vo A e al e sl v e (V) Jsaadl eda LS 0 sl S g ) 28 Jlas &
o /el e Sl
ol JSAl 5 Jsaadl  dal g o LS Cpaiad) G g 5l (8 DA D5 050

Report
scmi) s G gldlS g ul) ] (lad) Jas gial) (Y1) Jga)

i) Mean N Std. Deviation
(o) 0.361 32 0.024
S 0.379 24 0.030
Total 0.369 56 0.026
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Report
O sinallS g )
3 ad) g6 Mean N Std.
Deviation
daad 0.548 26 0.024
4y 0.190 30 0.009
Total 0.369 56 0.026
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ANOVA Table
Sum of |Df Mean F P value
Squares Square
getwee“ (Combined)|211.685 |1 211.685 |64.45 [0.000
roups
Within Groups 174.060 |53 3.284
Total 385.745 |54
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Area Under the Curve
Test Result Variable(s): ¢ siwllS 5 5l
Area Std. Asymptot Asymptotic 95%
Error® | ic Sig.” Confidence
Interval
Lower Upper
Bound Bound
0.93 | 0.033 0.000 0.868 1.000
4
The test result variable(s): ¢ sS4l has at least
one tie between the positive actual state group
and the negative actual state group. Statistics may
be biased.
a. Under the nonparametric assumption
b. Null hypothesis: true area = 0.5

G il gl Agant) Aall e gill g Apmaleanl) Gluuad ibian) Jgan (Y£) Jgand
Al pal) 8 gana (G485 AN

Coordinates of the Curve

Test Result Variable(s): ¢ siwllS 5

Positive if Greater Than Sensitivity Specificity
or Equal To®

-1.00- 1.000 1.000
0.50 1.000 0.967
0.150 1.000 0.300
0.300 0.880 0.900
0.450 0.640 0.970
0.550 0.520 0.000
0.650 0.360 0.000
0.750 0.280 0.000
0.850 0.160 0.000
0950 0.120 0.000
0.1100 0.000 0.000

The test result variable(s): ¢i5udS 5,4 has at least one tie between
the positive actual state group and the negative actual state group.

a. The smallest cutoff value is the minimum observed test value
minus 1¢ and the largest cutoff value is the maximum observed test
value plus 1. All the other cutoff values are the averages of two
consecutive ordered observed test values.

¢
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Apbiall S8 58 e /0l je 56 v €0 (gl (i siuallS g 0 dad e 5 YT A s
Qliy dae ill o)y i gbnadlSy ull dad ) WS Jxa % Y de goae Y%TE
RERIIVEN

hle (385 (i sl g 5l o e 355 8 adl) jaiae Cuua Ll g

L3929 ade o GUNY) d9a g LS e il guallS gl adll  lead) Jaw gial)

el Glka Mean N  Std. Deviation
R 0.190 30 0.009
s Ol 0.780 5 0.014
lgad Ablia i) Qi) 0400 2 0.000
slaal g Bara cilgdl) 0.400 2 0.000
G s olh med lgl) 0325 4 0.0150
g Jsa dal A 0.400 1 0.000
iy el 0750 9 0.020
QS LIS 8l 68 gl 0.467 3 0.025
Total 0.369 56 0.026

5, _all de gene die G FiallS 5 all il sl o giall O (YO) Jgaadl e el
B Y Sladl T gidl s Al e /al 2 gl 0V 58 (g ye Vo anane &) dae )l
el (e YT dual (e (oun e © araae AU sl QLY e e die G s5allS 5 0l
die (i sienllS 5l a8 Y buald) Jaugiall 5 Sl e/l e il 0 VA o8 Aamad 350 a
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v o e ¥ oaadae AU elael) g Baxall Gl ia e die Sluald) Jas gl
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A (a e die gluall s giall g 581 e /al e 5 v E0 e 4 am e ) aaaae AU
e vie gl b diall g 5l e/l 8 5 0 VO g (oia je G abane (LIS )
A /el e gl ETY e ia e Vasaie AUl deall cililadll
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0.75 0.87
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B Mean

Loale JS8 lof culS G sl g 5l adl  load) T siall o (Y)) JSGN e seday
9 DU aga s Ao aSall (S W Sl L (s Qg A5y 3 agaal () i jall die
Al aaa s Cas Y S Gann (4 5iaullS 5 il a8 8 dilan) dyaal

zed peedl il oyl die aall g AaE e (o SelS gl B G Bl
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e gl g )
ad £ Mean N Std. Deviation
) 0.763 9 0.018
(i 0.490 10 0.024
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JSall Mg sy o (YY) Jsandl b sedal alll Leads <ila g gl (YY) JSN jetay
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L i) 4 )lie & (a5 (e senall (oaa e die CRP asil sl Ja siall il a3 450y
Can (e e saaall (g GO lin (IS 1) Lagd 48 paal Giic senall (1 CRP (bl

:CRP 4.3
Al ) e gana die CRP (bwal) Jau giall
Report
CRP
sl g sl Mean N Std. Deviation
Al 72.58 26 21.823
s 43.77 30 16.370
Total 57.14 56 23.832

de gane dic CRP oSV (Al (gl oluall Jas giall (YA) Jsaall jeka
se CRPSE_Y) etV 0 soll lal Law il s 0 /Y'Y OA dumadl) 5l
d/c.e &Y.vy Q\:MJJM EJ\);S\ K.c}m
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raas o giall G 4 lEall W gl jlaal) alasiuly
dic CRP (oS5 ¥ (g g ! Gl Gl giall W gs) LA (Y4) Jgaal)

A Jal) e gana

ANOVA Table
Sum of | df | Mean F P
Squares Square value
Between (Comb | 11561.144 | 1 11561.14 | 31.726 | 0.000
Groups ined)
Within Groups 19677.713 | 54 | 364.402
Total 31238.857 | 55

Laal 53 CDEA) S5 Smlas 00 (e LS S P ovalue of (Y9) dsaall ek
LA ) e seae die CRPAY Gasbod) (plas siall G 43l dlanl

2e vie CRPA (oall s giall Bl o aas (YE)JSa5 (Y9)dsaal) Aaadlay
Al e ganall omye die s e £VVY sl (Baaysll 5yl all) A5V de sandll
O a3 Gadass siall (0 40 )liall SPSS el g alaiinly g J e VY OA (el 50 5all)
Op ARl dilias) Liaal 53 AN 3gay m lae ¢ 00 e S JE P ovalue e
Al s e ol Bl pall G e (Al Aaall CRP 4a 4 jral 5, Cliaall Galass gidll

Al bl ) Jea gill s SPSS 20 geali p pladials g s au )y o
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ROC Curve
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5 paa dE ualST N (g pll Ao il g dpmesal) Gl iban) Jgaa (Y1) Jgaad

. M\J.ﬁ‘
Area Under the Curve
Test Result Variable(s): crp
Area Std. Error® Asymptotic Sig.” Asymptotic 95% Confidence Interval
Lower Bound Upper Bound
.838 .054 .000 733 944

The test result variable(s): crp has at least one tie between the positive actual state group and the negative actual state
group. Statistics may be biased.

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

Coordinates of the Curve

Test Result Variable(s): crp

Positive if Greater Than or Equal To® Sensitivity 1 — Specificity
18.00 1.000 1.000
21.00 1.000 0.967
23.50 1.000 0.933
24.50 1.000 0.900
26.00 1.000 0.833
28.00 1.000 0.800
29.50 1.000 0.767
31.50 1.000 0.700
34.00 0.962 0.667
36.00 0.962 0.600
37.50 0.962 0.567
38.50 0.923 0.567
39.50 0.846 0.533
42.50 0.808 0.533
45.50 0.769 0.467
46.50 0.769 0.433
47.50 0.769 0.400
48.50 0.769 0.367
49.50 0.769 0.333
52.00 0.769 0.300
54.50 0.731 0.300
56.00 0.731 0.200
57.50 0.731 0.167
61.50 0.731 0.861
67.50 0.692 0.100
72.50 0.692 0.067
75.50 0.615 0.067
76.50 0.577 0.067
77.50 0.500 0.033
79.00 0.423 0.033
80.50 0.346 0.000
83.00 0.308 0.000
85.50 0.269 0.000
88.00 0.231 0.000
90.50 0.192 0.000
93.00 0.154 0.000
96.50 0.115 0.000
101.50 0.077 0.000
106.00 0.038 0.000
108.00 0.000 0.000

The test result variable(s): crp has at least one tie between the positive actual state group and the negative actual state
group.
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The mean of PCT and CRP in two groups

Sepsis Non-sepsis P value
PCT 28.65+2.68 2.48+0.66 0.000
CRP 159.48+9.73 126.17+10.63 0.015
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