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ABSTRACT

Different etiologies of pleural effusion are diagedo based on serum and plural fluid characteristRscently it
has been found that the ProCalcitonin (PCT) migatvérthe diagnostic value in exudative pleural éfiugPE).
The aim of this study was to assess PCT levelirapfluid and serum to find the specificity anchsiivity of PCT
for different etiologies of PE. This study was amctdd on 80 patients with exudative PE (Parapneucp®t (20
cases), Tuberculosis; TB (20 cases), Malignantsefhs (20 cases) and transudate PE (20 cases) &sune the
serum and PE level of PCT. The mean Plural PCT sigsficantly higher in pleural PE of parapneumoeifusion
(115.10 £14.06 pg/mL). The cutoff point of valuestgplore PCT for diagnosing considered at 0.3 ngand this
cut-off calculated by using ROC method. It appehas only in parapneumonic pleurisity, a statistigasignificant
area under curve was observed (P=0.001). The amden curve amount in blood PCT level for parapnenimo
pleurisity versus non parapneumonic pleurisity Wa&4 with 95% confidence interval of 0.24-0.61 apécificity
and sensitivity values for pleural fluid PCT werd® and 0.42 (P=0.09). Present study showed thataplPCT
level in parapneumonic pleurisy could have diagmogalue neither in TB nor in malignancies pleusispatients.
The pleural PCT has higher diagnostic accuracy carmg withserum PCT in differentiating parapneunmni
pleurisy from non parapneumonic pleurisy. Both phédluid PCT and serum PCT were useful for assesshe
severity of pneumonia with parapneumonic pluralgtins.
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INTRODUCTION

Procalcitonin (PCT) hormone with 13Kd molecular g¥diis a protein by 116 aminoacids with 32 idertica
calcitonin prohormone. Calcitonin secretes fromroendocrine C cells of thyroid gland under normahhelic
conditions and cleavage after prohormone PCT. Atwom PCT (SPCT) is produced in liver and lungesponse

to TNFo and endotoxins [1] in shock, metastatic cancedskatterial sepsis, fungal and viral infection][1The
serum PCT level raises in multiple organ failurgdid sepsis unlike pnenomoniasis of other regpiyanhfections
and community acquired pneumoniasis [8-10]. TheeefSPCT seems a good diagnostic marker for bakteria
infection [8,11-13]. Increased SPCT level, due levated levels of interleukin 6 and TiRnd depending on the
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severity of the systemic inflammation, significan correlated with the severity of septic shot,[L5]. Also high
SPCT level is showed in Tuberculosis (TB) pati€ifs]. Previous studies showed that pleural effusi¢RE)
develop by many bacterial or non bacterial infewiomalignancies and TB [17]. In suspect to pleinfgction,
rapid and accurate diagnosis is still remained @mndinical challenge. This is due to the negaspecimen culture
in 40% of parapneumonic (PAR) PE cases [18]. Orother hand light differential criteria for diagn®ef exudates
and transudate effusions like lactate dehydrogeaadeglucose levels in pleural fluid have high ety but low
sensitivity and need chest wall drainage[19-20,2]L-Besides, there are other invasive diagnostitstoncluding
blind biopsy and thoracoscopy and measuring theifsp®iomarkers for mycobacterium tuberculosis (WBDNA
PCR that the technical difficulties, low sensitivdnd time consuming methods remained challengeeriRly the
diagnostic role of PPCT in the different etiologmfsexudative and transudative PE has been inastig[21-23].
However a few studies have underlined to compageutiefulness and diagnostic role of pleural PCTC{BRand
SPCT as a differential diagnosis marker of PE. Ttigly was embarked on the diagnostic value of PRCT
transudative and exudative PE with different etjcds.

EXPERIMENTAL SECTION

This was a prospective study in our hospital froprilh2011 until April 2012. This study was approvbey our
Ethical Committee in accordance with the ethicandards of Helsinki declaration in Mashhad Univgrsif
Medical Sciences (MUMS),Mashhad, Iran. We obtainddrmed consent form from all patients prior tsess
their inclusion criteria for enroliment in this gyg The patients with age more than 18 years otti raeasurable
pleural effusions (>10 cc) were included in thisdst Also chest guided thoracocentesis performegudgonary
specialist for all included patients on the firgtydof enroliment of each subject. The patients welagulation
disorders (platelet count less than 10000cumm),efothan 10 cc of pleural effusions were excludedl. A
demographic information and clinical symptoms wereorded. Pleural fluid samples were obtained atalayical
studies were performed in our Immunology departnagit pathology laboratory. Pleural fluid samplemiediately
were analyzed for glucose, lactate dehydrogenadél)Lprotein and cell count while the supernatamse frozen
within 4 hours of collection for PCT analysis aétbénd of this study. The transudative and exud®i&ealiagnosis
was based on Light criteria. These criteria fofedéntiation of exudative from transudative areluding: ratio of
fluid protein to serum protein more than 0.5, aaiiorof fluid LDH to upper limit for serum more th®.6 or two
third of serum LDH. Pleural and serum level of PEdre measured by ELIZA technique (RayBio) accordmthe
manufacturer instruction. In this study we includat patients admitted to our referral hospital, MB, Iran.
Subsequently a total of 80 cases were analyzeddaided into four group; 1) Parapneumonic PE (28esy, 2)
Tuberculosis effusions (20 cases), 3) Malignaniséins (20 cases) and 4) Transudates (20 cases)sullate PE
was categorized to the following criteria; 1) hetailure (6 cases) approved by cardiac echocardyr as
dysfunction of the left ventricle, 2) liver cirrhies(3 cases) approved by abdominal ultrasonograshyiver
cirrhosis, 3) chronic renal failure (6 cases) iEaal ultrasonographic study showed small kidney.

Statistical analysis

The data were analyzed using SPSS 15 for windowsiore11.05 (SPSS Inc., Chicago, IL, USA). All datare
checked for normality by Kolmogorov—Smirnov test—K test). Descriptive statistics and compare méans
sample t test and paired sample t test) were asd.P-value less than 0.05 was considered signtfiNumerical
data are expressed as mean = SD or as proportiche sample size. One way ANOVA for analysis dfedent
variables in pleural fluid of four studied groupsne performed. Also Pearson correlation test peréarto find the
correlation of serum and pleural PCT in four stddieoups.

RESULTS

Patient’s clinical characteristics

Table 1 shows the demographic and descriptive aisabyf studied pleural fluid biomarkers. Among 48nfle
(57%) and 34 male (43%)enrolled patients, 60 orab éxudative PE and 20 ones with transudative P&nF
exudative cases 20 patients (32.20%), 20 (33.89d) 20 (33.89%) were diagnosed with malignant, TB an
parapeumonia respectively. Referred transudativep&tents with heart failure, liver cirrhosis anehal failure
were showed in 6 (28.57%), 3 (14.28) and 6 (28.5r%pectively.

Patients were ranged between 22 to 86 years oll m@an+SD equal to 57.59+18.14 years. Malighansies
confirmed by evaluation of pleural cytological abidpsy assay. This examinations allocated 13 (6B8.@&es in
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malignant group and remained ones 6 case (31.6%8) megative. There were no significant differenetneen age
and gender between four studied groups of theatie

Table 1: Demographic and some pleural fluid biomarkersin patients

Variables Transudates Malignant Tuberculosis Parapneumonic
N=20 N=20 N=20 N=20
Age (years 65 (5¢71) 66 (61-71) 45 (3€-54) 53 (4463)
Gender (male) 10 (11) 11 (8) 11 (9) 13 (6)
P.CDL*, Cells/ul| 1515 (980-2050) 1941 (1332-2550) 573 (2456-4658) 3921 (2731-5110)
PMN, Cell/ul 43.57 (34-53.12) 17.10 (10.56-23.64) 6 (33.35-48.64) 33.5 (23.35-48.64)
LYMPH (...) 56.42 (46.87-65.98]  85.55 (81.94-89.16) 4 6(51.35-76.64) 66.50(54.39-78.60)

Data presents as mean (95% confidence intervaifean; lower bound and upper bound)
*Pre calcitonin

Table 2 shows the serum and pleural effusions chexistics. The pleural glucose range and meanndstal
deviation in total patients were 40 to 190 mg/dll &5.57+30.63 mg/dl, respectively. Analysis of serglucose
range and mean £SD in patients were 99-270 mg#il1lai.16+36.84 mg/dl. According to Light criteriadaas we
expected, the statistical analysis showed thatetheas significant difference between glucose lefepatients’
pleural samples and transudate had significantiéri level of glucose (P<0.05). LDH ranged betwégrio 795
IU/ml with 163.60+£18.29 IU/ml in pleural effusiomnd 210 to 840 IU/ml with 115+12.86 1U/ml in serufhere
were significant difference between LDH level oftse and pleural effusions (P<0.001).

Table 2: Descriptive statisticsfor each parameter and pleural effusion in studied group
P-Value significant level considered <0.05.

Variable Transudates Malignant Tuberculosis Parapneumonic P-Value
P.PRO (mg/dl) 1.74 (1.35-2.13) 4.04 (3.77-4.30) 244626-4.97) 4.35 (3.95-4.70) <0.001
B.PRO (mg/dl) 6.11 (5.74-6.48) 5.90 (5.59-6.20) 559.61-6.28) 5.93 (5.58-6.29) 0.77

P.LDH (mg/dl) | 187.66 (105.96-169.36) 478.21 (441514.70) | 423.05 (372.89-473.2 416.90 (363.3742)0, <0.001
B.LDH (mg/dl) | 476.66 (422.41-530.91) 653.68 (616688.74) | 578.25 (5634.08-622.4] 581.75 (537.90-685.56 <0.001
P.GLU (mg/dl) | 124.19 (108.05-140.32) 98.10 (88.872-38) 79.25 (71.97-86.52) 79.45 (68.77-90.12 g0.0
B.GLU (mg/dl) | 179.42 (163.27-195.5) 171.31 (1551B7.43)| 164.70 (143.73-185.6 168.80 (153-0.88B4| <0.001
Data presents as mean (95% confidence intervaiiean; lower bound and upper bound). P; PleuralB&iod, PRO: Protein,

N

N2

As malignant patients and transudate ones expeetiee highest and the lowest levels of LDH, respely.

Protein ranged 0.70 to 6.40 with mean level of 3.8Z in pleural effusions and ranged 4.5 to 7.501 wi97 +0.72
in serum. Protein level in pleural effusions ofnsadate patients was significantly lower than cargreup
(P<0.001). Comparison between PCT level of PE anans in different etiologies is presented in Tehle

Table 3: Comparison between procalcitonin level of pleural effusion and blood in different etiologies of pleural effusion in patients
Data presents as mean (95% confidence intervaiiean; lower bound and upper bound). P-Value sigauifi level considered <0.05.

Etiologies Pleural Procalcitonin | Blood Procalcitonin | P-Value(r)
Transudates 48.42-185.28 116.86-150.3 0.45 (0.18)
Malignant 34.50-97.39 65.94 -6.52 0.31 (-0.28)
Tuberculosis 35.73-138.26 87-109.54 0.21 (0.35
Parapneumonic | 49.28-180.91 115.10-140.60 0.004 (0.61)

Specificity and sensitivity of serum and pleural PCT between different etiologies of pleural effusion

This study compared the PCT level in TB, malignantl parapneumonic with transudates in PE and blag.
found that the PCT level is more accurate in TB parad to transudate group PE diagnosis. The cupaifft
values to explore the specificity of PCT in diagngsconsidered at 0.3 ng/mL by using a ROC methutl area
under the curve (AUC). The findings showed thatydnl parapneumonic group in PE (Figure 1a), a dteslly
significant AUC was observed (P=0.001). The AUC antdn blood PCT level for parapneumonic group uers
non parapneumonic was 0.44 with 95% confidenceniateof 0.24-0.61 and specificity and sensitivitglwes for
pleural fluid PCT were 0.42 and 0.42 (P=0.09) (FFégRa).
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Figurel: Theareaunder curve (AUC) for procalcitonin level of pleural effusionsin patientswith parapneumonic pleurisy (A),
malignancy pleurisy (B), and tuberculosispleurisy (C). Detailsare described in results section
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Figure2: Theareaunder curve (AUC) for procalcitonin level in serum of patientswith parapneumonic pleurisy (A), malignancy pleurisy
(B), and tuberculosispleurisy (C). Details are described in results section

The areas under the curve values for PCT level aligmancies versusnon malignancy was 0.75 with 95%
confidence interval of 0.29-0.65 and specificityaensitivity values for pleural fluid PCT were D.dnd 0.38 at
the 0.3 ng/mL cut-off point, respectively (P=0.7Bigure 1b). These values for blood PCT were Ori®@&55 with
AUC equal to 0.36 at the 0.3 ng/ml cut-off poinespectively (P=0.36) (Figure 2 b).The areas undercurve
values for PCT level in TB versus non TB was 0.5thW5% confidence interval of 0.34-0.73 and speitif and
sensitivity values for pleural fluid PCT measure88despectively (P=0.76) (Figure 1c). These vafaeblood PCT
were 0.57 and 0.4 with AUC equal to 0.4 respecfiyBE0.27) (Figure 2 c).

DISCUSSION

Procalcitonin (PCT) hormone as a protein by 116nangcids and 32 identical ones to calcitonin protare has
been investigated as a marker to diagnose varibakgies of PE. In this study we evaluated exudatand
transudative pleural fluid and serum level of P@TthHe enrolled patients to find out the sensitiviggecificity of
PCT to discover different etiologies, with evalaatithe diagnostic value of pleural fluid PCT amadiifferent

etiologies, separately. The diagnostic and pregictialue of calcitonin and procalcitonin has eviddapreviously
in other studies for cancers and metastatic matiges.

Previous study by Lawn et al [24] found that PCifelein pleural fluid had diagnostic value only iretastasis but
not in other malignancies or not in TB or pneumaomidch was consistent to others studies.
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Mean while Walter et al. (2010) Matzaraki et al0@2) indicated that a superior diagnostic accucgalcitonin

and the procalcitonin: calcitonin ratio are relatediver metastasis stage in the patients [25, BBJlekmohammadi
et al [22] found that PCT levels in PE demonstratdugh sensitivity for distinguishing invasive ngglancies and
lymphomas. While we found that AUC for metastatieupisy effusions was 0.47 while AUC for parapneuino
was one and showed the highest amount of sengitimitcomparison to other pleural effusions. In poes

study[22] like our study, the sensitivity and sfiiety of PCT were considered 0.3 ng/ml in PE, exkbaugh we
considered lower cutoff point compared to the samstudy by Cakir et al. [27].

Meanwhile like our study Malekmohammadi et al [2@]ind that PCT concentration is not a useful patamfer
the diagnosis of TB pleurisy. Besides by increaghmy cutoff point from 0.3 to 0.4 ng/dl, the falgesitive rate
decreased, but the false negative rate increased.

Procalcitonin is recognized as an important madfexepsis and systemic infection. Due to this hlgpsis previous
studies [28-29] suggested it due to the high seitgitvalue for differentiating pulmonary TB fromabterial CAP
for predicting the serum PCT levels in adult pasenith active TB,, in our study we evaluated teeusn level of
PCT and observed that although serum PCT is mestiyeted from liver in blood, but do not reach ay\Egh

concentration in pleural fluid.

Like our, study San José et al [21] evaluated 1€ FRevel in the pleural fluid and blood. But theyuhd that it does
not seem to provide a great value for the diagnafsggrapneumonic. However, due to increased vdiage a high
specificity and predictive values of the total mephil count and the CRP; they concluded that ghthbe useful in
the diagnosis of these effusions.

In Wang et al. [30] study like our result, PCT Isvevere found to be high in parapneumonic PE pasity in
empyema, and malignant PE, although they did nsetrilee the diagnostic value in different cancer®is But Lin

et al [23] confirmed our study results as they atee that PCT level had a higher sensitivity andc#jity for
diagnosis of parapneumonic patients. Moreover, thiggovered that for differentiating the parapnenmdE from
non- parapneumonic PE, the serum level of PCT hbgyleer diagnostic accuracy than the pleural PG/Elle
However, both pleural and serum PCT are usefulhin dssessment of the severity of parapneumoniagbleu
effusions. Therefore in our study, finding of thegent study revealed that plural PCT level co@dabdiagnostic
value in parapneumonic pleurisy but not in TB antlin malignancies with appropriate sensitivity apecificity.

The findings of this study demonstrated that plefiuédd Pro-Calcitonin did not increased in TB anwhlignancies
patients. The significantly raised pleural fluid P@vels in the patients with parapneumonic plgunigght indicate
that pleural PCT levels are elevated in patients aie in severe health situations.

In conclusion we found that the pleural PCT hashéigdiagnostic accuracy than serum PCT in difféating
parapneumonic pleurisy from non parapneumonic gguBoth pleural fluid PCT and serum PCT were ukégdr
assessing the severity of pneumonia with parapneimpdural effusions.

CONCLUSION

Present study showed that plural PCT level in paamonic pleurisy could have diagnostic value meith TB nor
in malignancies pleurisity patients. The pleuralTP@as higher diagnostic accuracy comparing witlhursePCT in
differentiating parapneumonic pleurisy from nongmareumonic pleurisy. Both pleural fluid PCT andusePCT
were useful for assessing the severity of pneumwitfaparapneumonic plural effusions.
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