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Role of Procalcitonin, C-reactive protein and Clinical Pulmonary Infection Score in
Diagnosing Ventilator-associated Pneumonia

CHEN Feng-jia, KUANG Yu-kun, CHEN Hai-hong, XIE Can-mao "
(Department of Respiratory Disease, The First Affiliated Hospital, Sun Yat-Sen University, Guangzhou 510080, China)

Abstract; [Objective] To investigate the diagnosis accuracy, relevance and clinical diagnostic value of combined use of
procalcitonin (PCT), C-reactive protein (CRP) and simplified Clinical Pulmonary Infection Score (CPIS) on ventilator-associated
pneumonia (VAP). [Method] All adult patients, who were admitted into the Department of Intensive Care Unit (ICU) of the First
Affiliated Hospital, Sun Yat-Sen University and were clinically developed as suspected VAP patients after 48 h of mechanical
ventilation, were enrolled in this prospective diagnostic test. Measurement of PCT and CRP levels, and the calculation of the
simplified CPIS, Acute Physiology and Chronic Health Evaluation I (APACHE II ) and Sequential Organ Failure Assessment (SOFA)
scores were performed at study entry and on the first day of mechanical ventilation. On the day of VAP suspicion, measurement of
PCT, CRP and simplified CPIS levels and cultivation of tracheal aspiration were also performed once every 48-hour till the completion
of the test. The simplified CPIS was calculated daily. The sensitivity, specificity and positive and negative predictive values of VAP
were determined on the basis of respective calculation of diagnosis of PCT, CRP levels and simplified CPIS at the completion of the
test study. Receiver Operating Characteristic  (ROC) curve was created and area under curve (AUC) was calculated.The optimal

diagnostic cut-off values were determined on the basis of the best sensitivity/specificity ratios. [ Result] 459 adult patients mechanically
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ventilated were included in our test,and 30 patients were eligible finally. Of which 17 patients were microbiologically confirmed as
VAP, 13 patients became clinically suspected VAP but without microbiologic standard. AUC values of VAP resulted from PCT, CRP
and CPIS were 0.735 (95%C1.0.536-0.934), 0.599(95%CI.0.361-0.838) and 0.809 (95%CI:0.641-0.976) , respectively. Using
0.685 ng/mL as the best cutoff, PCT had a 76.5% sensitivity and a 62.5% specificity ; and using 6 scores as the best cutoff, CPIS had
a 60.5% sensitivity and a 92% specificity. Based on the serum level of PCT=0.685 ng/mL and CPIS=6 scores to diagnose VAP, the
sensitivity was 70.6% while specificity was 100%. [ Conclusion] Using the serum level of CRP alone has little significance on early
VAP diagnosis; using the serum level of PCT alone has certain significance on early VAP diagnosis, and using CPIS for early VAP
diagnosis had the best accuracy. There was no outstanding correlation among CRP, PCT and CPIS. Joint use of CPIS and PCT could
greatly enhance the specificity of early diagnosis of VAP without lowering its sensitivity.
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Table 1 Characteristics of the patients on the day of study inclusion and observation period
Parameter The all(n = 30) Confirmed VAP(n=17) Nonconfirmed VAP(n=13) P
Age /years 52+ 16 56 + 12 50 + 12 0.862
Male (%) 20(66.7%) 11(64.7%) 9(69.2%) 0.819
Temperature/ °C 379+ 1.3 38.0+0.5 37.4+0.9 0.204
Pa0,/FI0,/mmHg 235 + 88 214 + 74 245 + 64 0.203
APACHE I 19+6 22+5 11+3 0.01
SOFA 8+4 8+5 7+4 0.01
Leukocytes cells/(10°/L) 11.32 £ 4.45 11.08 + 4.76 12.58 £ 3.24 0.408
CPIS 20+1.2 3014 2014 0.724
PCT/(ng/ml) 0.59(0.12,0.79) 0.64(0.21,0.84) 0.39(0.12,0.60) 0.321
CRP/(mg/L) 81.7(46.2,102.5) 88.2(54.2,132.5) 58.2(42.2,86.5) 0.873
Previous antibiotics(% )" 22(73.3%) 12(70.5%) 10(69.2%) 0.146
Mechanical ventilation time/d 14(8,18) 22(12,28) 10(8,19) 0.01
ICU stay time/d 17(9,31) 26(17,36) 12(10,18) 0.01
Mortality 11(36.7%) 8(47.1%) 3(23.7%) 0.01
1)Previous antibiotics: Antibiotic drugs were used longer than 24 hours within 10 days before the enrolment.
x2 MAMNFGELZURVERHAER
Table 2 Characteristics of the patients on the day of study inclusion and observation period

Parameter Previous antibiotics(n = 8) Without previous antibiotics(n=22) P

APACHE Il 12 £ 6.9 16 £4.2 0.058

SOFA 7+3.6 8+2.1 0.125

CPIS 3+1.1 2+0.8 0.548

Temperature/C 38.2+0.51 37.9 £ 0.80 0.467

Leukocytes cells/(x10°/L) 11.24 £5.123 12.56 + 4.458 0.382

PCT/(ng/mL) 0.63(0.27,4.11) 0.56 (0.19,2.38) 0.347

CRP/(mg/1.) 98.2(56.6,142.3) 79.3(49.7,129.3) 0.156
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Table 3 Characteristics of patients on day of ventilator—associated pneumonia (VAP) suspicion

Parameter Confirmed VAP(n = 17) Nonconfirmed VAP(n = 13) P

APACHE Il 23+5.9 14+4.6 0.01

SOFA 9+5.1 6+29 0.01

CPIS 7+1.0 3+0.9 0.014

Temperature/°C 38.8 + 0.57 38.3 +0.47 0.556

Leukocytes cells/(10°/L) 11.58 + 5.436 12.73 £ 4.136 0.425

Pa0,/Fi0,/(mmHg) 179 + 72.1 255 + 66.8 0.041

PCT/ (ng/mlL) 0.97(0.42,4.37) 0.43(0.09,0.71) 0.042

CRP/(mg/L) 118.0(69.4,144.0) 59.4(44.2,109.0) 0.432
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Table 4 Diagnostic value of serum levels of PCT, CRP, and CPIS

Optimal cut—off AUC  95% confidence interval P

Sensitivity ~ Specificity PPV NPV

PCT 0.685 ng/mL 0.735 0.536-0.934 0.042 76.5 62.5 89 95
CRP 53.65 mg/L 0.599 0.361-0.838 0.432 52.9 62.5 75 90
CPIS 6 0.809 0.641-0.976 0.014 60.5 90.0 84 92
PCT=0. 685 ng/mL+CPIS=6 0.853 0.704-1.000 0.005 70.6 100 100 89
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HHT, 280 VAP 2R I R EAL sl i A= 455
FRAT A, (AERRE TR RANE, A%T
e, FRATBIT T A %8, A LU T 455 . DL
B SR E WA PR RS VAP AR R
IEAEG . VAP A5 250U 5 A B i ] R AL R <
i PR A DA S FET - 3R A8 T, e e AR | 4 B
JERE RN LA M2 CPIS \PCT .CRP 5 5E i & 75 W FH 4t
W25 AT e JC G, @PCT  CRP Flfdjfk CPIS W53 2
[ 5 JC . EAH S (B PCT S51aifk CPIS Al %4
B, B PCT = 0.685 ng/mL Al CPIS =6
SR VAP, SRS FIVRE 45301 R 70.6%
F1100% , FEH:FTBAPE TRIAE 53 314 1009%F1 89%
H UL AT UL, 871k CPIS 2 W7 VAP MR I
I3 PCT K o] KR & VAP RIS W e 5
P, BN REARBURE:

AT, CPIS ZEXT T VAP [ R Wi —
ERE, HAETRLr, HRESME, 45eF
Pugin %55/l Papazian %" HFSE 4518 — 3, A
] R4 B0 A A AT T 245 i 28, o8 R
2 B 5 LU TR, @1em CPIS T4 H 5
TG RFE RAB L, T AE I R LEE b | B AN ] sk A 1)

B 41% ~ 90.6%, FEFEME 74.1%-100%"°- 101171
AT, T’ ATR B PCT 20 VAP RSN 5
HABFIZERFFE AL, FE T PER 5 Luyt 25800 B
5% AHA K Duflo 558/ Ramirez 55 MBFST o 58
JER &S LUF N ZEAM G O T VAP BH £ K
feHAE B E , SRR, 2RI R Z 07 it
G TR R, Q&R AHREA —, Wt
Luyt 250G BESE b a9 ABFSE I I R HERR IR E &
ARG B, BT R PCT 1 55 i R R4
QR WM ZAE 1ICU Hilk1T , B E FEH X
1t R Z WA A T /)N, K S o AN 2 s %%
WF5E B A5 ) PCT 2 W (A TR

B ARA KT CRP . PCT il CPIS P4 22 [6] A AH
KM MrRGE . ABFTRES R B =40 B M
Kbk, MAEX = ki PCT 5 CPIS MyAHICHE
FEXT R ABTCGE 225 5 . ik ROC T TH
U, A58 B, {1 ] PCT =0.685 ng/mlL. I
CPIS=6 S 4120 VAP, S PETiAF] 100%),
TRURME R AL, RIS I PCT Al & fii
fEiy CPIS P B T4 VAP B2
32 WRBRYE

5, BT AT Ry Brpu O A RIFSY I [ 5
B REAS RN 2B VAP SRR Y O G EE R,
WAEER TS LRSS DI BE L 3 S G 00, I SE R 3
BIa] $ 3 PCT 8 CRP M4, A, PCT B4R
TR B SRR A 248 A (B IR BB IX 3 IR YR



5 3 ]

W IRVEE , 4% i R 5 2R 5L | C— 20, 2 A RN PR 0 B e 3 7 Xof WIS AL DX il 9 12 Wi ) 72 S 423

AHIGE B C AR A HERR AR M R T A7 AE v RE S
PCT 5, CRP Fhi i & AL, (B4 Al BEfa e AR
FiRZ N R 2 e A 85 s il — e iy, 56
=, EARMRH, A4EERZHEALN 10d N
L TR 29WIRYT, AR AR MU P br A iy fif
P 25903097 7T Re B E D B R R RS AR
i —J7 i B AT R T RS B T CRU
Bt AEATIRE LA DX A3 AE P 45 35 PR I 245 SR B OE
VAP S0 B I 2 T 20 R e A R, X sl 5|
E R AT IT L5 R 0 175
33 LR EEI=

ZE LAk, i PCT AN 5 % 1k CPIS PF431Y
BT VAP (R W, H W 2 [ 47 76 G
B RGN AT IS WAL R KR 5 T CRP
Bl R F T VAP B2 W A BR . BT
PCT ,CPIS P43 24 Ay PR 5E 454 VR (12 Wi 4
B, R AT 22 45 SR 5 T VAP 12 145 k10 3k
BT —@ 3% (A TAME R R, T
TR T — - TS 2l REEAR R I R
WFFEHE UL Z (W IFUE B2 22 TE R

% 0k

[1] ChastreJ, Fagon JY. Ventilator-associated pneumonia[J ].
Am J Respir Crit Care Med, 2002, 165(7): 867-903.

[2] American Thoracic Society. Infectious Disease Society of
America Guidelines for the management of adults with
hospital —acquired, ventilator —associated, and
healthcare —associated pneumonia[J]. Am J Respir Crit
Care Med, 2005, 171(4) . 388-416.

[3] Kuti EL, Patel AA,  Coleman CI.

inappropriate antibiotic therapy on mortality in patients

Impact of

with ventilator —associated pneumonia and blood stream

infection; A meta—analysis[J]. J Crit Care, 2008, 23

(1): 91-100.
[4] Fabregas N,

diagnosis of ventilator —associated pneumonia revisited ;

Ewing S, Torres A, et al. Clinical
comparative validation using immediate postmortem lung
biopsies[ J |. Thorax, 1999, 54(10) . 867-873.

[5] Michael K. Does this patient have ventilator—associated

[J]. JAMA, 2007, 297(14) . 1583-1593.

Niedermen MS,

ventilator —associated pneumonia:

pneumonia?
[6] Luna CM,

Resolution  of

Blanzaco D, et al.
prospective evaluation of the clinical pulmonary infection
score as an early clinical predictor of outcome [J]. Crit
Care Med, 2003, 31(3): 676-682.

[7] Croce MA, Swanson JM, Magnotti LJ, et al. The futility

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

of the clinical pulmonary infection score in trauma
patients[J ]. J Trauma, 2006, 60(3) . 523-527.
Sachdev A, Chugh K. Clinical pulmonary infection score
to diagnose ventilator —associated pneumonia in children
[J]. Indian Pediatr, 2011, 48(12); 949-954.
Ramlrez P, Garcla, Ferrer M. Sequential measurements
of procalcitonin levels in diagnosing ventilator —
associated pneumonia[ J]. Eur Respir J, 2008, 31(2):
356-362.

Luyt C, Combes A, Reynaud C, et al. Usefulness of
procalcitonin for the diagnosis of ventilator —associated
pneumonia [ J]. Intensive Care Med, 2008, 34 (8):
1434-1440.

Papazian L, Thomas P, Garbe L, et al. Bronchoscopic
or blind sampling techniques for the diagnosis of
ventilator—associated pneumonia [J]. Am J Respir Crit
Care Med, 1995, 152 (6 Pt 1) 1982-1991.

Rea—Neto A, Youssef NC, Tuche F, et al. Diagnosis of
ventilator—associated pneumonia; a systematic review of
the literature[ J ]. Crit Care Med, 2008, 12(2): 56.
Muscedere JG, Heyland DK, Dodek P, et al. A
randomized trial of invasive diagnostic techniques and for
suspected ventilator —associated pneumonia [J]. N
England J Med, 2006, 355(25): 2619-2630.

Safdar N, Dezfulian C, Collard HR, et al. Clinical and

ventilator —associated

Crit Care Med,

economic consequences of

pneumonia; A systematic review []].
2005, 33(10): 2184-2193.

Pugin J, Auckenthaler R, Mili N, et al. Diagnosis of
ventilator —associated pneumonia by bacteriologic
analysis of bronchoscopic and nonbronchoscopic ‘blind’
bronchoalveolar lavage fluid [J]. Am Rev Respir Dis,
1991, 143 (5Pt 1) 1121-1129.
Povoa P, Coelho L, Ahneida E,

identification of intensive care unit—acquired infections

et al. Early
with daily monitoring of C—reactive protein:a prospective
observational study[ J]. Crit Care, 2006, 10(2): 63.
B, SRR, WM, . BEES 2R AP I ALAN DG
PRI R AW E I, vh e HR 2R, 2010,
3(6): 142-145.

Liao XL,
diagnosing ventilator —associated pneumonia [J]. Chin
Crit Care Med, 2010, 3(6): 142-145.

Duflo F, Debon R, Monneret G, et al. Alveolar and

serum procalcitonin ;

Jin XD, Kang Y. Role of procalcitonin in

diagnostic and prognostic value in
ventilator—associated pneumonia [J]. Anesthesiology,

2002, 96(1): 74-79.
(B# WNEZL)



