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ABSTRACT

Introduction: With the growing evidence about the role of inflammation on cardiovascular disorders, studies
have been focused on inflammatory markers for risk evaluation and disease activity monitoring. The aim of
this study was to investigate whether inflammation has a role in idiopathic pericardial effusion (PE) and to
reveal its correlation with the disease activity.

Patients and Methods: The study population consisted of 107 patients with PE and 35 age-matched and
sex-matched healthy volunteers. Each patient underwent a comprehensive clinical evaluation to identify the
probable underlying systemic diseases or other potential causes for PE.

Results: High-sensitivity C-reactive protein levels (hs-CRP), neutrophil/lymphocyte ratio (NLR) and
platelet/lymphocyte ratio (PLR) (p< 0.001 for each) were significantly higher in the PE group than in healthy
volunteers. The patients with PE were divided into three subgroups according to the amount of PE. hs-CRP,
NLR and PLR significantly correlated with the amount of PE. In the multivariate logistic regression model
NLR (OR 1.363, 95% CI 1.026-1.809; p= 0.033) and hs-CRP (OR 1.090, 95% CI 1.030-1.152; p= 0.003)
remained as independent predictors of severe PE in patients who have PE.

Conclusion: hs-CRP, NLR and PLR may be used for disease activity monitoring, treatment response
evaluation and risk stratification of patients with PE.

Key Words: High-sensitivity C-reactive protein; neutrophil/lymphocyte ratio; pericardial effusion; platelet/
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Idiyopatik Perikardiyal Efiizyon ile Inflamatuvar Belirtecler Arasindaki iliski
OZET

Giris: Inflamasyonun kardiyovaskiiler hastaliklardaki rolii hakkindaki kanitlarin gittikge artmastyla, caligma-
lar inflamatuvar markerlarin hastalik aktivitesi ve risk degerlendirmesindeki roliine odaklanmistir. Bu ¢alig-
manin amact inflamatuvar belirteclerin idiyopatik perikardiyal efiizyonla ile iligkisini ve hastalik aktivitesi ile
olan korelasyonu olup olmadiginin incelenmesidir.

Hastalar ve Yontem: Caligma popiilasyonu perikardiyal efiizyonu olan 107 hasta ile yas ve cinsiyet olarak
benzer 35 saglikli goniilliilerden olugsmaktadir. Tiim hastalar perikardiyal efiizyonun etyolojisine yonelik kap-
saml1 bir klinik degerlendirmeye tabi tutulmusgtur.

Bulgular: Plevral efiizyonu grubunda, yiiksek sensitif C-reaktif protein (Hs-CRP), nétrofil/lenfosit orani
(NLR) ve platelet/lenfosit oran1 (PLR) (herbiri icin p< 0.001), saglikli goniilliilerin grubuna gore anlamli
olarak daha yiiksekti. Perikardiyal efiizyonu olan hastalar efiizyon miktarina gore 3 gruba boliindii. Hs-CRP,
NLR ve PLR perikardiyal efiizyon miktariyla korele bir sekilde artmaktadir. Coklu analizde, NLR (OR 1.363,
95% CI1.026-1.809; p=0.033) ve Hs-CRP (OR 1.090, %95 CI 1.030-1.152; p=0.003), perikardiyal efiizyo-
nu olan hastalarda ciddi perikardiyal efiizyonun bagimsiz bir prediktorleridir.

Sonug: Hs-CRP, NLR ve PLR perikardiyal efiizyonu olan hastalarda, hastalik aktivitesi, tedavi monitorizas-

yonunda ve risk siniflamasinda kullanilabilir.
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INTRODUCTION

The space between the parietal and visceral pericardium
contains small amount of fluid called pericardial fluid (PF).
Pericardial effusion (PE) is a relatively common finding
in the daily clinical practice. Several clinical disorders or
imbalance between formation and removal of PF can cause its
accumulation as PE("Y. A large proportion of these cases are
defined as idiopathic pericarditis (26.1%). The other following
causes for PE are neoplastic diseases (25.6%) and iatrogenic
disorders (16.3%)™.

The total white-blood-cell (WBC) count and its subtypes,
neutrophil/lymphocyte ratio (NLR) and platelet/lymphocyte
ratio (PLR) are easily available systemic inflammatory
markers. Some recent studies have shown that NLR and PLR
have a diagnostic value in certain pathologies characterised
by systemic or local inflammatory response, such as diabetes
mellitus, coronary artery disease, ulcerative colitis, sarcoidosis,
tuberculosis and inflammatory arthritis®1?.

Accompanied by the growing evidence, recent studies have
been focused on high-sensitivity C-reactive protein (hs-CRP)
and other inflammatory markers for risk evaluation and disease
activity monitoring in various cardiovascular disorders. In the
present study, we aimed to investigate whether inflammation
has a role in idiopathic PE and to reveal its correlation with the
disease activity.

PATIENTS and METHODS

Study Population

This study had a retrospective design. All data were obtained
from the database of Adnan Menderes University Hospital.
Study protocol was approved by the local Ethics Committee and
the institutional review board. A total of 440 consecutive patients
with PE between January 2012 and December 2014 were
included in the study. Each patient underwent a comprehensive
clinical evaluation to identify the probable underlying systemic
diseases or other potential causes for PE (myocardial infarction;
myocarditis; cardiac disorders; endocarditis; rheumatological
disorders; neoplasms; endocrine disorders; chronic renal failure;
immunological disorders; trauma; transplantation; viral and/or
bacterial infections, including tuberculosis; haematological and
gastrointestinal disorders). Three hundred thirty-three patients
were excluded for several reasons as shown in Figure 1. After
these exclusions the final study population consisted of 107
patients with PE. In addition, age-matched and sex-matched
35 healthy volunteers were included in the study as the control
group.

Blood Samples

The glucose, urea, creatinine, cholesterol,
triiodothyronine, serum thyroxine, TSH, total protein, albumin,
globulin, lactate dehydrogenase (LDH) and hs-CRP levels
were measured in blood samples. hs-CRP was measured
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Figure 1. Study Diagram.

using a BN2 model nephelometer (Dade-Behring, Newark,
DE, USA) within maximum 5 min after sampling. Complete
blood counting (CBC) parameters were measured by a Sysmex
K-1000 auto analyser (Block Scientific, Bohemia, NY, USA).
WBC differential counts were determined in whole blood by
Cell-Dyn Sapphire TM (Abbot Diagnostics). Total leukocyte
count and differential counts, including neutrophil, lymphocyte,
monocyte and platelet counts, were analysed using by Cell-Dyn
SapphireTM (Abbot Diagnostics).

Transthoracic Echocardiography

Echocardiographic examinations were performed on
admission before medical and/or interventional management. All
measurements were performed using a commercially available
machine (Vivid 5s®, GE Vingmed Ultrasound A/S, Horten,
Norway) with a 3.5-MHz transducer. The Simpson’s method
in a two-dimensional echocardiographic apical four-chamber
view was used to assess left ventricular ejection fraction, as
recommended by the American Society of Echocardiography!V.
The amount of PE was graded as mild (echo-free space in
diastole < 10 mm, corresponding to 300 mL); moderate (10-20
mm, corresponding to approximately 500 mL) and large (> 20
mm, > 700 mL)"'?.

Statistical Analysis

All data was analysed using the PASW Statistics version 15
software package for Windows software (SPSS, Inc., Chicago,
IL, USA). The Kolmogorov-Smirnov test was used to assess
the normality of continuous variables. The continuous variables
were defined as mean + standard deviation or median with 95%
confidence interval. We compared continuous variables using
the Student t-test or Mann-Whitney U test between groups.
Categorical variables were defined as percentages and compared
with the chi-square test. We used one-way analysis of variance
test to compare the variables between more than the two groups.
The independent association of variables with severe PE was
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calculated with backward elimination multivariate logistic
regression analyses. The Receiver Operating Characteristics
(ROC) curve was used to determine the sensitivity and specificity
of PLR and NLR, and the optimal cut-off value for predicting
idiopathic PE in the study group. A two tailed p value of < 0.05
was considered significant.

RESULTS

Baseline characteristics and laboratory parameters are as
shown in Table 1. There were 107 patients (mean age 61.0 +
16.0 years and 45.8% male) in the idiopathic PE group and
35 patients (mean age 57.5 + 9.9 years and 57.1% male) in
the control group. The patients in the idiopathic PE group had
significantly higher heart rate (88.8 + 19.7 vs. 77.2 + 11.6 beats/
min, p= 0.001) and lower LVEF (60.8% + 6.8% vs. 63.4% =+
4.5%, p=0.034) than in healthy volunteers.

In laboratory analyses, serum creatinine (0.97 + 0.43 vs.
0.80 + 0.13 mg/dL, p=0.020) and lactate dehydrogenase levels
(279.2+£132.6vs.167.8+59.6 U/l,p <0.001) were significantly
higher in the idiopathic PE group than in the control group, but
serum albumin levels (3.46 + 0.55 vs. 4.03 + 0.51 g/dL,
p=0.001) were lower. Erythrocyte sedimentation rate [42 (11—
94) vs. 21 (15-37) h, p< 0.001] and hs-CRP [17.0 (1.2-67.0) vs.
2.5 (0.4-7.8) mg/L, p< 0.001] were also significantly higher in
idiopathic PE than in healthy volunteers.

In CBC analysis, neutrophil counts (5.71 + 2.14 vs. 4.60
+ 139 10° ul, p= 0.005), NLR [3.30 (1.28-16.84) vs. 2.09
(0.92-3.39), p < 0.001] and PLR [171.0 (50.4-850.9) vs.
111.81 (50.6-225.4), p< 80.001] were significantly higher in
the idiopathic PE group. However, lymphocyte counts (1.62 +
0.72 vs.2.36 +0.69 10° ul, p< 0.001) were significantly lower
in the idiopathic PE group. Platelet counts were similar in both
groups (p=0.121).

Table 1. Demographic, clinical characteristic and laboratory parameters pericardial effusion and controls

Pericardial effusion Control
Variable (n=107) (n=35) P
Age 61.0+16.0 575+99 0.223
Male, n (%) 49 (45.8%) 20 (57.1%) 0.300
Smoking, n (%) 22 (20.6%) 10 (28.6%) 0.325
Diabetes mellitus, n (%) 33 (30.8%) 7 (20%) 0216
Hypertension, n (%) 47 (43.9%) 16 (45.7%) 0.853
Pericardiocentesis, n (%) 36 (33.6%)
Heart rate, (beats/min) 88.8 +19.7 772+11.6 0.001
Left ventricular ejection fraction (%) 60.8 6.8 634+45 0.034
Glucose (mg/dL) 111.5+£36.1 1113 +44.1 0.982
Urea (md/dL) 420+ 187 375+139 0.187
Creatinine (mg/dL) 097 +043 0.80 £0.13 0.020
Thyroid stimulating hormone 1.63+1.54 1.51+1.24 0.765
Total protein (g/dL) 6.78 £0.90 6.98 +£0.59 0.468
Albumin (g/dL) 346 £0.55 403 +0.51 0.001
Globulin (g/dL) 332048 294 £048 0.075
Lactate dehydrogenase (U/1) 2792 +132.6 167.84 +59.63 0.001
Erythrocyte sedimentation rate (h) 42 (11-94) 21 (15-37) <0.001
High-sensitivity C-reactive protein (mg/L) 17.0 (1.2-67.0) 2.5(04-7.8) <0.001
Common blood counting
Haemoglobins (g/dL) 116+2.1 133+1.6 <0.001
Platelet (10° pl) 286 + 116 255+ 50 0.121
White blood cell (10° pl) 8.22+£2.62 7.81+1.92 0.401
Neutrophil (10° 1) 571+2.14 4.60 +1.39 0.005
Lymphocyte (10> pl) 1.62+0.72 2.36+0.69 <0.001
Neutrophil/lymphocyte ratio 3.30 (1.28-16.84) 2.09 (0.92-3.39) <0.001
Platelet/lymphocyte ratio 171.0 (50.4-850.9) 111.81 (50.6-225.4) <0.001

Data are expressed as mean + standard deviation for normally distributed data, median (interquartile range) for not normally distributed data and percentage (%)

for categorical variables.
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The patients with idiopathic PE were divided into three
subgroups according to the amount of PE (Table 2). Heart
rate was similar between the mild and moderate PE groups
(p= 1.000). However, heart rate in the large PE group was
significantly higher than that in the mild and moderate groups
(p< 0.001 for each). Erythrocyte sedimentation rate was lower
in the mild PE group than in the moderate and large PE groups
(p=0.036 and p=0.008, respectively), but was similar between
the moderate and large PE groups (p= 0.986). hs-CRP levels,
NLR and PLR significantly increased in correlation with the
amount of PE (Figure 2).

The ROC curves of NLR, PLR and hs-CRP for predicting
PE are as shown in Figure 3. The NLR values > 2.53 predicted
PE with a 74% sensitivity and 83% specificity (AUC: 0.817,
95% CI: 0.744-0.890). PLR values > 135.4 had 70% sensitivity
and 74% specificity for the associating PE prediction (AUC:
0.768, 95% CI: 0.680-0.855). In addition, hs-CRP levels > 5.9
predicted PE with 85% sensitivity and 89% specificity (AUC:
0.937,95% CI: 0.896-0.978).

In patients with PE, we analysed the predictive value of
heart rate, erythrocyte sedimentation rate, haemoglobin, NLR,
PLR and hs-CRP on severe PE. The independent contributions
of heart rate, erythrocyte sedimentation rate, haemoglobin,
NLR, PLR and hs-CRP were analysed using a multivariate
logistic regression model (Table 3). In the multivariate
analysis, NLR (OR 1.363, 95% CI 1.026-1.809; p= 0.033),
hs-CRP (OR 1.090, 95% CI 1.030-1.152; p= 0.003) and heart
rate (OR 1.072, 95% CI 1.034-1.113; p< 0.001) remained as
independent predictors of severe PE (Table 3).

DISCUSSION

Inflammatory disorders, viral and bacterial agents are
common causes of PE. However, idiopathic pericardial effusion
is an unknown clinical condition in terms of aetiology. With the
present study we revealed that inflammation plays an important
role in idiopathic PE. In addition, we showed that NLR and
PLR, as a sign of inflammatory status of the body, significantly
associated with the amount of the PF in patients with idiopathic
PE. Furthermore, in patients with PE, heart rate, NLR and hs-
CRP levels were independently associated with the presence of
severe PE.

Table 2. The distribution of, heart rate, erythrocyte sedimentation rate, high-sensitivity C-reactive protein and hemogram according to the severity

pericardial effusion

Small Moderate Large

n= 37 n=31 n=39 p (1-2) p (2-3) p (2-3)
Heart rate (beats/min) 80.5+14.6 80.8 £16.9 103.1 £ 18.0 1.000 <0.001 <0.001
Erythrocyte sedimentation rate (h) 34 (11-82) 51 (12-94) 51 (20-88) 0.036 0.008 0.986
High-sensitivity C-reactive protein (mg/L) 7.5 (1.2-28.0) 17.0 (2.3-48.0) 25.0(5.7-67.0) 0.001 <0.001 0.019
Haemoglobin (g/dL) 127+18 114+21 108+19 0.019 <0.001 0.639
Platelets (10° uL) 282+ 124 279 + 101 296 + 121 1.000 1.000 1.000
White blood cells (10° uL) 7.79 £2.53 837+227 851+£294 1.000 0.697 1.000
Neutrophils (10° uL) 4.87+1.90 591%1.75 633 241 0.124 0.008 1.000
Lymphocytes (10° pL) 2.05+0.63 1.57+0.58 1.26 +0.69 0.006 <0.001 0.144
Neutrophil/lymphocyte ratio 2.06 (1.28-5.59) 3.92 (1.88-7.40) 5.62(1.40-16.84) <0.001 <0.001 0.004
Platelet/lymphocyte ratio 1333 (5042-448.5) 171.4(85.2-548.2) 242.3(53.67-850.9) 0013 <0.001 0012

Data are expressed as mean + standard deviation for normally distributed data, median (interquartile range) for not normally distributed data. A p< 0.05 was considered to be

significant.
= pn.0ai ".It 1 I C
= | I 1 ? 001 T o 1
[} g0l = ! o
P ——— e -
= 2n 5
] E
il : i
13 = =
T
i i :
£ £ ¥
¥ L | ‘E'u-
- " : L 5
i | § - i _
2= Z k| T
-
i L + B "
J o T 01 J . J
] i 1 i L] £ ¥ L] i 3 ¥ I
[ WS S [T — Large U sy wolteerss sl PE Slallaiass PT [ Wi, s Rl P (YA Luge FL
ey T} =i =T ek sl ki e bl w=l? a=1i P

Figure 2. High-sensitivity C-reactive protein (A), neutrophil/lymphocyte ratio (B) and platelet/lymphocyte ratio (C) in the healthy volunteers and in subgroup of patients with PE.
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Figure 3. The receiver operating characteristic curve of neutrophil/lymphocyte
ratio, platelet/lymphocyte ratio and high-sensitivity C-reactive protein for predicting
pericardial effusion in the study group.

Table 3. Effects of variables on severe pericardial effusion in multivariate
logistic regression analyses in patients who have pericardial effusion

Adjusted
Variables OR 95% CI p
Neutrophil/lymphocyte ratio 1.363 1.026-1.809 0.033
Platelet/lymphocyte ratio 0.999 0.992-1.006 0.781
High-sensitivity 1.090 1.030-1.152 0.003
C-reactive protein
Heart rate 1.072 1.034-1.113 <0.001
Erythrocyte 0.987 0.959-1.016 0.379
sedimentation rate
Haemoglobin 0.932 0.683-1.272 0.656

In general, PE is an incidentally detected clinical condition
during echocardiographic examination or another diagnostic
imaging studies for a symptomatic patient. There is no sufficient
data regarding PE incidence and prevalence. The most common
causes of PE are infections (including viral and bacterial
infections), cancer, connective tissue diseases, metabolic causes
(i.e. hypothyroidism) and aortic diseases. The relative frequency
of different causes depends on the local epidemiology. Idiopathic
PE is the most common cause in developed countries, whereas
tuberculosis is the main cause in developing countries.

Inflammation plays a pivotal role in several cardiovascular
disorders. With the growing understanding regarding the role
of inflammation in the various cardiovascular diseases, studies
have been focused on hs-CRP and other inflammatory markers
for risk evaluation and disease activity monitoring'®.

Idiopathic PE still remains as a mystery. Different etiological
mechanisms especially inflammation have been found related

to idiopathic PE'". According to increasing evidences, the
usual suspect is the immune mediated pathogenesis. In previous
epidemiological studies, the presence of pro-inflammatory
cytokines such as interleukin-6, interleukin-8 and interferon-
gamma have been demonstrated in the idiopathic PEUY.
Furthermore, anti-nuclear antibodies, anti-heart and anti-
intercalated-disk antibodies were detected in the idiopathic
PE. Therefore, these evidences were thought to support the
inflammatory pathogenesis in idiopathic PE1%17),

C-reactive protein is one of the acute-phase proteins and
rises during nonspecific response to inflammatory processes''®.
The hepatic synthesis of CRP starts immediately after an
inflammatory stimulus. The plasma half-life is 19 h, on average
and rises to > 5 mg/L by 6 h after onset of stimulus'®. The
total WBC count is an easily available marker for systemic
inflammation. The differential analysis of the subtypes of WBC
count and platelets, higher levels of neutrophil and platelet
count are the sign of subclinical inflammation, whereas the
decreased lymphocyte count reflects physiological stress?. In
the previous epidemiological studies, a positive correlation was
found between the acute-phase reactants and pro-inflammatory
proteins such as hs-CRP, Tumour necrosis factor alpha,
interleukin-1 and interleukin-6 and the elevated platelet count in
nonspecific inflammatory conditions'!?. In addition, increased
platelet counts may reflect the underlying inflammation because
several inflammatory mediators stimulate megakaryocytic
proliferation and produce relative thrombocytosis. Moreover,
lymphocytopenia is a common finding during stress response,
secondary to increased corticosteroid levels®®. Furthermore,
lymphocytopenia can be seen in critical inflammatory states
because of the increased lymphocyte apoptosis®®. Therefore,
NLR and PLR can provide more information on both the
inflammatory status and the stress response of the body. In
the recent years, NLR and PLR were widely used as markers
of inflammation and were associated with adverse outcomes
in various cardiovascular disecases. NLR, as a marker of
inflammation, is closely associated with adverse outcomes in all
types of acute coronary syndromes and recurrence of arrhythmias
after cryoablation®>_ It has been also demonstrated that NLR
was associated with spontaneous echo contrast in patients
with mitral stenosis and increased stroke risk®. Although, as
an emerging marker of systemic inflammation, NLR and PLR
had been studied in several clinical observational studies of
cardiovascular diseases, limited data are available about the
role of these markers in idiopathic PE and about the association
with the effusion amount. In this study, we demonstrated the
link between idiopathic PE and inflammation with new cheap
and widely available markers, including PLR and NLR. On the
other hand, correlation between the PE amount and the levels
of inflammatory markers had not been fully elucidated before.
For this purpose, we classified the idiopathic PE according to
the described criteria above'”. We showed that hs-CRP, PLR
and NLR were positively correlated with the amount of the
idiopathic PE. Therefore, more inflammation means more
effusion in patients with idiopathic PE.
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The possible limitation of our study may be the lack of a
mechanistic association between inflammatory markers and
idiopathic PE. These biomarkers, including NLR, PLR and
hs-CRP, are global measures. If a more specific marker that is
directly associated with PE had been used in the present study,
we could have talked about a mechanistic relation. Therefore, the
relation between NLR, PLR and hs-CRP and idiopathic PE may
be an associative rather than a mechanistic one.

In conclusion, idiopathic PE has not been fully explained
in terms of aetiology. Therefore, a general anti-inflammatory
treatment strategy was preferred rather than targeted therapy in
such patients. In the present study, in addition to hs-CRP, we
found that NLR and PLR, as a sign of inflammatory status of the
body, were significantly higher in patients with PE. Moreover,
NLR and PLR levels were positively correlated with the amount
of the effusion in idiopathic PE patients. Furthermore, in patients
with PE, NLR and hs-CRP levels were independently associated
with severe PE. The present study provides a new perspective
to better understand the underlying mechanisms of idiopathic
PE. In addition to hs-CRP, NLR and PLR are cheap and widely
available markers that can be used for disease activity monitoring
and treatment response evaluation. In patients with PE, NLR and
hs-CRP levels provide additional information about the amount
of the PE and may be used for the risk stratification in patients
with PE.
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