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The Effect of CRP and Procalcitonin
Levels on the Estimation of Infection in
the COPD Patients Admitted to ICU with
Respiratory Failure

Solunum Yetmezligi ile Yogun Bakima Yatirilan
KOAH Hastalarinda Infeksiyonu
Degerlendirmede CRP ve Prokalsitoninin Etkisi

ABSTRACT Objective: Acute respiratory failure is one of the most frequent reason for ICU admit-
tance of patients with COPD exacerbation. Those patients almost always receive antimicrobial tre-
atment in ICU. Unnecessary antibiotic usage causes increase in antibiotic resistance, excess hospital
charge and undesirable side effects. In this study we aimed to investigate the effect of CRP and pro-
calcitonin levels on decision of antimicrobial therapy in patients with COPD exacerbation. Mate-
rial and Methods: Twenty four patients who were admitted to ICU with acute respiratory failure
after COPD exacerbation were examined. C-reactive protein, procalcitonin, CPIS and CURB-65
scores were assessed for each patient at the time of admittance to ICU. Microbial culture of trac-
heal secretions, urine, and blood samples were done routinely as well. According to the results of
antibiogram tests, patients received antimicrobial treatment. However if there was a suspicion of
the infective disease such as fever (>40°C, <35°C), leukocytosis (>30000), leukopenia (<4000), new
radiological infiltration, etc., empiric antibiotic treatment was given to the patients. Results: Pati-
ents with microbial culture positive results showed significantly higher levels of CRP and procal-
citonin than patients with microbial culture negative results. CPIS and CURB-65 scores were
comparable with the CRP and procalcitonin levels. After antimicrobial treatment, CRP and procal-
citonin levels were decreased in patients both treated according to antibiogram and treated empi-
rically, however it was statistically significant only in the cases treated according to antibiogram.
Conclusion: According to this study, the initiation of antimicrobial therapy may be manipulated by
the levels of CRP and procalcitonin. Antibiotherapy might be considered in patients with micro-
bial culture positive results instead of giving it to every patient admitted to ICU.
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OZET Amag: KOAH alevlenmesi ile hastaneye bagvuran hastalarin énemli bir bsliimii akut solu-
num yetmezligi ile yogun bakim iinitesine (YBU) sevkedilmektedir. Bu hastalarin hemen tamami
YBU’de antimikrobiyal tedavi almaktadir. Uygun olmayan antibiyotik kullanimi hastane yatis ma-
liyetini, antibiyotiklere direnci ve yan etki goriilme olasiligini artirmaktadir. Bu ¢calismada C-reac-
tive protein (CRP) ve prokalsitonin seviyelerinin KOAH alevlenmesi hastalarinda uygulanacak
antimikrobial tedavi karari tizerindeki etkisini aragtirmay1 amagladik. Gereg ve Yontemler: KOAH
alevlenmesi sonrasi akut solunum yetmezligi ile YBU'ne yatirilan 24 hasta incelendi. YBU'e gelen
her hastanin CRP ve prokalsitonin seviyeleri, CPIS ve CURB-65 skorlar 6lgiildii. Rutin olarak her
hastanin trakeal sekresyon, idrar ve kan 6rneklerinin kiiltiirleri yapildi. Antibiyogram test sonug-
larina gore hastalara antibiyotik tedavisi verildi. Ancak ates (>40°C, <35°C), 16kositoz (>30000), 16-
kopeni (< 4000), vb. gibi infeksiyon siiphesi oldugunda ampirik olarak antibiyoterapi baslandi.
Bulgular: Kiiltiir pozitif olan hastalarda CRP ve prokalsitonin seviyeleri kiiltiir negatif hastalara go-
re anlamh olarak daha yiiksekti. CPIS ve CURB-65 skorlar1 CRP ve prokalsitonin seviyeleri ile
uyumlu idi. Antibiyotik tedavisinden sonra, CRP ve prokalsitonin seviyeleri hem ampirik tedavi
grubunda hem de kiiltiir pozitif grubunda azaldi, ancak sadece kiiltiir pozitif grubunda istatistiksel
olarak anlaml idi. Sonug: Bu galigmaya gore CRP ve prokalsitonin seviyeleri antimikrobiyal teda-
vi kararin1 vermede yénlendirici olabilir. Antibiyoterapinin YBU'e yatan her hasta yerine sadece
kiiltiir pozitif hastalara verilmesi uygun olacaktir.

Anahtar Kelimeler: Prokalsitonin; C-reaktif protein; kronik obstriiktif akciger hastalig:
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hronic obstructive pulmonary disease

(COPD) is seen frequently throughout the

world. Exacerbations are the major cause of
morbidity and mortality in patients with COPD
and associated with impaired quality of life, decli-
ne in lung function and poorer outcome.' Most of
these COPD cases with acute exacerbations are re-
ferred to intensive care unit (ICU) and 26-74% pa-
tients are intubated.? Viral infections are mainly
responsible for the exacerbation, synergistic effect
of viral and bacterial infections is also important.
However, almost all patients in ICU receive anti-
biotic therapy empirically due to difficulty in defi-
nitive determination of an infectious cause of
COPD exacerbation. In fact adequate antibiotic tre-
atment was defined as coverage of all pathogens
isolated, and determined by the sensitivity pattern
in the antibiogram.? Besides, conditions other than
respiratory infections, including industrial pollu-
tants, allergens, sedatives, congestive heart failure,
and pulmonary embolism, have been identified as
well.** Discrimination of the causes of acute exa-
cerbation of COPD is important in order to mana-
ge the treatment. It has been demonstrated that
bacterial exacerbation was associated with signifi-
cantly greater neutrophilic inflammation than
nonbacterial exacerbation, with higher levels of
inflammatory markers.® C-reactive protein (CRP)
is an acute-phase reactant with well-documented
sensitivity that is commonly used to diagnose in-
fectious and inflammatory conditions, including
COPD exacerbation.”® Circulating levels of procal-
citonin (PCT) are markedly elevated in patients
with bacterial infections compared to those with
viral infections or other inflammatory conditions.’
It has been indicated that guidance with the mea-
surement of procalcitonin levels reduces the expo-
sure of patients to antibiotics after presentation to
the emergency department for exacerbations of
COPD." Unnecessary antibiotic usage causes incre-
ase in antibiotic resistance, excess hospital charge
and undesirable side effects. In this study, we ai-
med to investigate the effect of CRP and procalci-
tonin levels on decision of antimicrobial therapy,
the correlation of CRP and procalcitonin levels
with the clinical pulmonary infection score

14

THE EFFECT OF CRP AND PROCALCITONIN LEVELS ON THE ESTIMATION OF INFECTION IN THE COPD PATIENTS...

(CPIS)'! and CURB-65 (confusion, urea >7 mmol/L,
respiratory rate 30/min, low blood pressure, and

age 65 yrs)'? score in those defined patients.'>!*

I MATERIALS AND METHODS

The study was conducted in the intensive care unit
ofBilim University Medical School Avrupa Floren-
ce Nightingale Hospital. Twenty four patients (15
female, 9 male) who were admitted to ICU with a
diagnosis of acute respiratory failure after COPD
exacerbation were examined retrospectively after
the approval by the ethical committee of the local
medical faculty. Exacerbation of COPD was defi-
ned as “a sustained worsening of the patient’s con-
dition, from the stable state and beyond normal
day-to-day variations, that is acute in onset and ne-
cessitates a change in regular medication in a pati-
ent with underlying COPD”."> All patients needed
mechanical ventilation and they intubated orot-
racheally. Indications for invasive mechanical ven-
tilation were severe dyspnea with use of accesory
muscles and paradoxical abdominal motion; respi-
ratory frequency >35 breaths/minute, severe acido-
sis (pH <7.25) and/or hypercapnia (PaCO2 >60
mmHg); life threatening hypoxemia; and unable to
tolerate NIV according to GOLD criteria.'® Exclu-
sion criteria were coexistence of TB infection or
lung cancer, and use of chronic oral or parenteral
steroids. CPIS ve CURB-65 scores were calculated
at the time of admittance to ICU and chest X-ray,
arterial blood gases, complete blood count, BUN,
creatinine, total bilirubin, albumin, sodium, potas-
sium, chloride, CRP, PCT were obtained and repe-
ated on the fourth and fourteenth day. CRP was
measured by BPC BIOSED Prime-photometer,
Italy. Procalcitonin was measured using 20 to 50 pL
of plasma or serum by a time-resolved amplified
cryptate emission technology assay (PCT Kryptor;
BRAHMS). Microbiologic culture of tracheal aspi-
ration, blood, nasal smear and urine were done ro-
utinely. Pathogen isolation achieved patients
(culture positive group) received antibiotic treat-
ment according to antibiogram, and patients with
no isolated pathogens (culture negative group) re-
ceived empirical treatment depending on suspicion
of infection such as hyper or hypothermia (<35 °C
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or >38°C), leukocytosis (>30.000) or leukopenia
(<2.000), and infiltration on chest X-ray. Others
have not taken any antibiotic therapy.

STATISTICAL ANALYSIS

Analyses were performed using a statistical softwa-
re package. Discrete variables are expressed as co-
unts (percentages) and continuous variables as
mean + SD or median (range). Mann-Whitney U
and Wilcoxon W tests were used for the compari-
son of CRP and PCT levels between the groups, be-
fore and after treatment. All tests were two-tailed;
p< 0.05 was defined as being significant.

I RESULTS

The mean age of the patients was 79.08 + 11.05.
The overall ventilation ranged from 2 to 11 days
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(median 5 days). None of the patients was current
smoker. Patients were classified into three groups:
Group 1 included patients receiving appropriate
antibiotic treatment according to the results of an-
tibiogram; Group 2 patients had empiric antibiotic
treatment in spite of negative microbiologic exa-
mination; and Group 3 patients were not treated
with antibiotic because of negative results. Patient
characteristics are presented in Table 1.

The microbial agents isolated from the vario-
us specimens obtained from group 1 patients are
listed in Table 2.

Mean score of CPIS in all patients was 2.71
(1.37) and CURB-65 was 1.92 (0.78). Group 1 sho-
wed significantly higher levels of CURB-65 and
CPIS scores than patients with no pathogen isola-

TABLE 1: Patient characteristics according to the groups.

Parameter Group 1 (n=12)
Age (years)* 78.75 (11.94)
Gender (male) % 33
Smoking (>50 pack/year) % 42
CPIS score*

1t day 3.38(1.32)

4t day 2.72(1.02)

14" day 1.2 (0.96)
CURB-65 score*

1t day 2.23 (0.59)

4% day 1.17 {0.98)

14" day 0.5{0.12)

Group 2 (n=3) Group 3 (n=9) p

80 (15.71) 79.12 (10.46) NS

33 33 NS

40 38 NS
2.51(0.57) 1.6 (0.91) <0.05%
1.99 (1.12) 1.0 (0.85) <0.05%

1.21(1.03) 0.66 (0.51) NSt
1.66 (0.57) 1.37 {0.51) <0.05%

1.2 (0.4) 1.01 {0.56) NSt

0.46 (0.21) 0.35 (0.11) NSt

*Results are given as mean + SD. $Group 1vs Groups 2-3. CPIS; clinical pulmonary infection score, <6 = low-intermediate probability, >6 = high probability. CURB-85; severity sco-
re for community acquired pneumonia, Confusion, Urea nitrogen, Respiratory rate, Blood pressure, 65 years of age and older, 0= very low risk of death, 1-2= increased risk of death,

3-4= high risk of death.

TABLE 2: Microbial etiology of the patients.

Microorganism* Tracheal secretion (+) No.(%)

Streptococcus pneumonia 2(8.3)

MSSA 8(33.3)
MRSA 3(12.5)
Pseudomonas aeruginosa 13 (54.1)

Klebsiella pneumaonia 8(33.3)

Blood (+) No.(%) Nasal smear (+) No.(%) Urine (+) No.(%)
5(20.8)
6 (25)
1(4.1)
5(20.8) 6 (25)
4(16.6)

*In some cultures more than one organism was isolated from same and/or different specimens. MSSA: Methicillin sensitive Staphylococcus Aureus, MRSA: Methicillin resistant Staph-

ylococcus Aureus.
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tion (Table 1). CRP and PCT levels also were signi-
ficantly higher in Group 1 patients than other pa-
tients (Figure 1, 2). After antimicrobial treatment,
CRP and procalcitonin levels were decreased in
both Group 1 and Group 2. But in Group 2, diffe-
rence in PCT levels was not statistically significant
(Figure 3, 4). CPIS and CURB-65 scores were dec-
reased in all patients median 8 days after ICU ad-
mittance.

I DISCUSSION

C-reactive protein and procalcitonin are used as pa-
rameters to support the diagnosis of infection.!”:!8
It has been written that CRP levels were highest in
bacterial infection.!® Therefore, some of the pati-
ents show normal levels of CRP during COPD ex-
acerbations because of lack of infection, and
exacerbations might be caused by viruses or con-
comitant heart failure requiring different treat-
ment. In agreement to this report, CRP levels were
higher in pathogen isolation achieved cases than
patients without pathogen isolation in our study.
In a study, it was demonstrated that antibiotic ad-

35+ &
30+
251
20+
151
10+

oculture (+)

| culture(-)

* 1<0.05

1st day 4th day  14thday

FIGURE 1: CRP levels according to microbiological examination.
culture (+): Group 1, culture (-): Group 2-3.

8’ *
6_
4 o culture(+)
m culture (-)
2,
* p=<0.05
0. p
1st day 4th day  14th day

FIGURE 2: PCT levels according to microbiological examination.
culture (+): Group 1, culture (-): Group 2-3.
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FIGURE 3: CRP levels according to antibiotic treatment.
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FIGURE 4: PCT levels according to antibiotic treatment.

ministration within 4 h of hospital admission re-
sulted in a marked increase in misdiagnosis and in-
appropriate antibiotic utilization.?’ Similarly in our
practice, most of the patients with COPD exacer-
bation were started empiric antibotherapy imme-
diately after ICU admittance. We hypothesized
that if we measure inflammatory markers before
the begining of antibiotic treatment it might be
helpful for the decision of initiation of this therapy.
Briel et al reported that PCT guidance in antibiotic
usage avoided unnecessary antibiotic use.?! In our
results both CRP and PCT levels were found high
which was comparable with the microbiologic cul-
ture results. Also we combined assessment of CPIS
and CURB-65 scores in order to support the accu-
racy of infection. In a study combination of PCT
and CPIS score worked to exclude misdiagnosis of
ventilator associated pneumonia.”> Another recent
study showed procalcitonin might aid in identif-
ying Pneumonia Severity Index/CURB 65 high-risk
patients.”® We determined that patients with bacte-
rial infection showed high severity scores. Nevert-
heless, it was suggested in a review that antibiotic
therapy significantly decreased mortality and lack

Turkiye Klinikleri Arch Lung 2009;10(1)
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of response to treatment in patients with COPD ex-
acerbation.?* Eleven trials with 917 patients were
included in this review. Ten trials had used diag-
nostic criteria of increased cough, sputum volume
and purulence for COPD exacerbation as indicators
of bacterial infection. In this review antimicrobial
therapy was supported according to the results of
decrease in mortality.

Adequate antibiotic treatment, which means
coverage of all pathogens isolated, and determined
by the sensitivity pattern in the antibiogram, sho-
uld definitely be considered in infected COPD ca-

Ferah ECE et al

ses. According to our results, management of pati-
ents with negative microbiologic examination
might need the aid of inflammatory marker levels
in order to give correct decision.

As a conclusion, appropriate antibiotherapy is
essential in the patients admitted to ICU with
COPD exacerbation. Initiation of antimicrobial
therapy may be manipulated by the levels of CRP
and procalcitonin. This study gives a minor but en-
couraging result. Further studies with larger num-
ber of cases are necessary to confirm the data and
to establish the use of these data in practice.

I REFERENCES
Soler-Cataluha JJ, Martinez-Garcia MA, 9. Becker KL, Nylén ES, White JC, Miller B, Sni- ~ 17. Snell N, Newbold P. The clinical utility of bio-
Romén Sanchez P, Salcedo E, Navarro M, Oc- der RH Jr. Clinical review 167: Procalcitonin markers in asthma and COPD. Curr Opin
hando R. Severe acute exacerbations and and the calcitonin gene family of peptides in Pharmacol 2008;8(3):222-35.
mortality ip patients with chronic obstructive pul- inflammation, infection, and sepsis: a journey g Ugarte H, Silva E, Mercan D, De Mendonga
monary disease. Thorax 2005;60(11):925-31. from calcitonin back to its precursors. J Clin A Vincent JL.Procalcitonin used as a marker
Moran JL, Green JV, Homan SD, Leeson RJ, Endocrinol Metab 2004;89(4):1512-25. of infection in the intensive care unit. . Crit Ca-
Leppa_rd Pl Acute exac_erbations of chronic Pb' 10. Stolz D, Christ-Crain M, Bingisser R, Leuppi re Med 1999;27(3):498-504.
str:ﬁwtg ?Jlmornary ?ls?gie aCnrdt néecrhar':/llcz:jl J, Miedinger D, MUIIgr C, etal. Antibiotictre- 19 yeis N, Aimdal T. C-reactive protein--can it
\1139};-2(?1 ..7a1 seeva vation. it Lare e atment of exacerbations of COPD: a rando- be used as a marker of infection in patients
;26(1):71-8. mized, controlled trial comparing procalcitonin- with exacerbation of chronic obstructive pul-
Luna CM, Blanzaco D, Niederman MS, Mata- guidance with standard therapy. Chest 2007; monary disease? Eur J Intern Med 2006;
rucco W, Baredes NC, Desmery P, et al. Re- 131(1):9-19. 17(2):88-91.
solution of ventilator-associated pneumonia: ; ;
. ; P 11. Fartoukh M, Maitre B, Honore S, Cerf C, Za- 50, Kanwar M, Brar N, Khatib R, Fakih MG. Mis-
prospective evaluation of the clinical pulmo- har JR. Brun-Buisson C. Diagnosing pneumo- ) , . . .
- e ' ; - viagnosing p diagnosis of community-acquired pneumonia
nary infection score as an early clinical predc- nia during mechanical ventilation: the clinical i it tTiai Hiotins: s
tor of outcome. Crit Care Med 2003;31(3): Y IR O and inappropriate utilization of antibiotics: side
676-82 pulrgongry 'nsczoggggr‘:ég‘(’;”fdé /;m JRes- effects of the 4-h antibiotic administration rule.
' pir Crit Care Me 1168(2):173-9. Chest 2007;131(6):1865-9.
Celli BR, MacNee W; ATS/ERS Task Force. . . 131(68)
Standards for the diagnosis and treatment of 12. Woodhead M. Assessment of illness severity 51 Brigl M. Christ-Crain M Young J, Schuetz P
; ; . in community acquired pneumonia: a useful Huber P, Périat P, et al. Procalcitonin-guided
patients with COPD: a summary of the diction tool? Thorax 2003:58(5):371-2 et
ATS/ERS position paper. Eur Respir J 2004; new prediction tool? Thorax ;58(5):371-2. antibiotic use versus a standard approach for
23(6):932-46. 13. Pugin J, Auckenthaler R, Mili N, Janssens JP, acute respiratory tract infections in primary ca-
Rutschmann OT, Comuz J, Poletti PA, Bride- Lew P[i juter PM. lD|baggosls 'Of| vgntllat?r- tref: Istud(}/ tE)rot(:.col for:a ratnd.ortr.nsedfcon;ro.lled
vaux PO, Hugli OW, Qanadii SD, Should pul- agsogf e p:eumoma 3(; ac (le)no og:]lc analy- rial an alse ine charac «laSn; g_?Nomp% Zzg);a
monary embolism be suspected  in fIS.O“ ronchoscopic and non fror1c oscopic tmgé;enera practltloners.[ I
exacerbation of chronic obstructive pulmonary bI|ndl br.onchoallveolar Iavage luid. Am Rev BMC Fam Pract 2005;6:34.
disease? Thorax. 2007;62(2):121-5. Respir Dis 1991;143(5 Pt 1):1121-9. 22. Ramirez P, Garcia MA, Ferrer M, Aznar J, Va-
Sethi S, Muscarella K, Evans N, Kliingman KL, 14. Lim WS, van der Eerden MM, Laing R Boersma lencia M, Sahuquillo JM, etlal. $equential mg-
Grant BJ, Murphy TF. Airway inflammation WG, Karalus N, Town Gl, etal. Defining com- asurements of procalcitonin levels in
and etiology of acute exacerbations of chro- munity acquired pneumonia severity on presen- diagnosing ventilator-associated pneumonia.
nic bronchitis. Chest 2000;118(6):1557-65. tation to hospital: an international derivation and Eur Respir J 2008;31(2):356-62.
Hurst JR, Donaldson GC, Perera WR, Wilkin- validation study. Thorax 2003; 58(5)-377-82. 23. Huang DT, Weissfeld LA, Kellum JA, Yealy
son TM, Bilello JA, Hagan GW, Use of plas-  15- Rodriguez-Roisin R. Toward a consensus def- DM, Kong L, Martino M, et al. Risk predicti-
ma biomarkers at exacerbation of chronic inition for COPD exacerbations. Chest 2000; on with procalcitonin and clinical rules in com-
obstructive pulmonary disease. Am J Respir 117(5 Suppl 2):398S-401S. munity-acquired pneumonia. Ann Emerg Med
Crit Care Med 2006;174(8):.867-74. 16. GOLD Executive Commitee. Management of 2008;52(1):48-58.62.
Miiller B, Tamm M. Biomarkers in acute exa- COPD. In: Buist S, ed. Global Strategy forthe ~ 24. Ram FS, Rodriguez-Roisin R, Granados-Na-

cerbation of chronic obstructive pulmonary di-
sease: among the blind, the one-eyed is king.
Am J Respir Crit Care Med 2006;174(8):848-
9.

Turkiye Klinikleri Arch Lung 2009;10(1)

Diagnosis, Management, and Prevention of
COPD: Global Initiative for Chronic Obstructi-
ve Lung Disease. MCR Vision Inc; 2006. p.68-
9.

varrete A, Garcia-Aymerich J, Barnes NC. An-
tibiotics for exacerbations of chronic
obstructive pulmonary disease. Cochrane Da-
tabase Syst Rev 2006;(2):CD004403.

17



