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Abstract

As a new parameter, the C-reactive protein (CRP)/albumin ratio (CAR) has been shown to be more accurate than CRP and albumin
alone in predicting the diagnosis and overall prognosis in cancer, sepsis, and vascular and non-vascular conditions. In this direction,
we aimed to investigate the role of CAR in the differentiation of transudate/exudate and infectious/non-infectious in our study. A total
of 160 patients who were examined for pleural fluid between August 2020 and February 2021 were included in our single-center
prospective observational study. The study did not include those who could not undergo diagnostic thoracentesis and those under the
age of 18. The presence of pleural effusion was determined by physical and radiological examinations [chest radiograph, thorax com-
puted tomography, thoracic ultrasonography (US)]. Diagnostic thoracentesis was performed under the guidance of thoracic US after
the patients who met the inclusion criteria signed an informed consent form.

A total of 160 patients, 117 (73.1%) male and 43 (26.9%) female, were included in the study. While exudate was detected in 101 (63.1%)
cases and transudate was detected in 59 (36.9%) cases, 47 (29.4%) of these were due to infectious and 113 (70.6%) non-infectious causes.
The mean pleural fluid CAR (46.38) and serum CAR (72.43) in the infectious group were found to be significantly higher than those in
the non-infectious group (13.17 and 19.48, respectively) (p<0.001). The pleural fluid and serum CAR (31.79 and 49.68) were found to
be significantly higher in the exudate-qualified group compared to the transudate-qualified group (7.76 and 9.97) (p<0.001). When the
threshold value for the pleural fluid CAR is >15.65, it is 80.9% sensitive and 73.5% specific in predicting infectious fluid; when the
threshold value was >9.48, it was found to be 71.3% sensitive and 71.2% specific in exudate-transudate discrimination.

In conclusion, in our study, we see that the pleural fluid and serum CAR are promising parameters in the differentiation of
infectious/non-infectious pleural effusions and in the differentiation of exudate/transudate.
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reactions reduce tissue damage, isolate and eliminate infective
organisms, and activate repair mechanisms. C-reactive protein
(CRP) is a positive acute phase reactant synthesized by the liver,
and as a well-known acute phase reactant, its blood level increases
within hours in response to inflammation and infection, which has
so far been associated with a variety of diseases, including acute
coronary syndrome, ischemic stroke, and facial palsy [3,4]. At the
same time, it has been proven that there is a significant relationship
between some types of cancer and CRP value [5,6]. Albumin syn-
thesized by the liver is a negative acute phase reactant, and
decreased albumin has been proven to be associated with an inflam-
matory response [7].

Studies conducted for many years have shown that the ratio of
CRP/albumin (CAR) has prognostic importance in determining
inflammation. It has been shown to help determine the prognosis of

Introduction

Pleural effusion is a pathology frequently encountered in daily
practice, which may develop due to many different diseases, and
sometimes presents diagnostic problems. Once the pleural effusion
has been identified, the fluid needs to be analyzed. First, transudate
and exudate should be differentiated, and thoracentesis should take
a sample for this [1]. The exact etiology can sometimes be difficult
despite all the examinations [2]. In recent years, the development of
specific disease-specific biomarkers has opened the research area
for common causes of pleural effusion. Many studies are carried out
on inflammatory biomarkers, especially for the early detection of
parapneumonic effusion and empyema, which may indicate emer-
gency tube drainage.

There is a systemic physiological or metabolic complex
response to infection, malignancy, or trauma in the body. These
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many diseases, such as acute appendicitis, acute pancreatitis, sleep-
disordered breathing, lung cancer, traumatic brain injury, and ulcer-
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ative colitis [8-10]. Although few studies evaluate the relationship
between some inflammatory markers and pleural effusion, there has
yet to be a study investigating the relationship between the CAR and
the etiology of pleural effusion. In this prospective study, we aimed
to examine the role of CAR in differentiating between transudative
and exudative pleural effusion, as well as infectious and non-infec-
tious pleural effusion.

Materials and Methods

This prospective observational and single-center study was con-
ducted with approval of the Faculty of Medicine Clinical Research
Ethics Committee (No: E1-20-918). A total of 160 patients with
pleural effusion between August 2020 and February 2021 were
included in the study. The study did not include those who could not
undergo diagnostic thoracentesis and those under the age of 18. The
presence of pleural effusion was determined by physical and radio-
logical examinations [chest radiograph, thorax computed tomogra-
phy, thoracic ultrasonography (US)]. Diagnostic thoracentesis was
performed under the guidance of thoracic US after the patients who
met the inclusion criteria signed an informed consent form [11]. A
20-50 cc sample was taken at thoracentesis.

Table 1. Causes of pleural effusion.

Empyema 11
Heart failure 28
Malignant effusion 16
Tuberculosis pleurisy 9
Parapneumonic effusion 20
Unknown 27
Others 49
Dressler’s syndrome 7
Hypoalbuminemia 5
Secondary to intra-abdominal event 6
Chronic kidney deficiency 11
Chronic fibrinous pleuritis 2
Lymphedema 2
Pericarditis 5
Pulmonary embolism 2
Rheumatoid pleurisy 8
Trauma 1
Total 160

Table 2. Pleural fluid and serum C-reactive protein/albumin ratio
according to diagnoses.

Diagnosis PF-CAR S-CAR
Empyema (n=11) 52.6 (20.9-87.5)  92.1 (40.7-120.0)
Heart failure (n=28) 5.4 (1.0-16.6) 6.2 (0.7-26.5)
Malignant effusion (n=16) 14.7 (1.9-68.0) 29.2 (1.6-183.3)
Unknown (n=27) 7.4 (1.3-42.1) 9.6 (1.7-45.9)

TB pleurisy (n=9)
Parapneumonic effusion (n=20) 49.2 (2.7-118.4)  93.0 (4.0-165.9)
Other (n=49) 13.1 (1.1-89.9) 12.7 (1.3-123.8)

Data are presented as median (min-max). PF, pleural fluid, S, serum; CAR, C-reac-
tive protein/albumin ratio; TB, tuberculosis.
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Serum and pleural fluid complete blood count, biochemical
parameters, and CRP levels were measured simultaneously. Our
study used the nephelometric measurement method as the CRP meas-
urement method. Light’s Criteria were used to differentiate exudate
and transudate [12]. Additionally, pleural fluid culture, tuberculosis
(TB) culture, and pleural fluid cytological examination were per-
formed. In cases where diagnostic thoracentesis was insufficient to
determine the cause of pleural effusion, additional tests such as bron-
choscopy, closed pleural biopsy, positron emission tomography, and
thorax magnetic resonance imaging were conducted according to the
preliminary diagnoses. The benign and malignant diagnoses were
established based on clinical findings, pleural effusion analysis,
microbiological examination, radiological findings, cytology of the
pleural effusion, and/or histology of the pleural tissue. Patients for
whom a diagnosis could not be reached despite undergoing all diag-
nostic procedures were followed up for at least 1 year [13].

Statistical analysis

Statistical analysis was performed using the IBM SPSS
(Statistical Package for the Social Sciences) 26.0 package program.
In descriptive statistical analyses, for continuous variables, mean +
standard deviation and median (minimum-maximum) were given
according to their fitness for normal distribution; Numbers and per-
centages (%) were given for categorical variables. The distribution
of continuous variables was evaluated with the Kolmogorov-
Smirnov test, and nonparametric tests were preferred according to
the test result. Mann-Whitney U test was used to compare nonpara-
metric data between the two groups. Receiver operating characteris-
tic (ROC) curve analysis was used to determine whether pleural and
serum CAR values have diagnostic value for exudative and infec-
tious pleural effusion and whether they can be used. The statistical
significance level was accepted as p<0.05.

Results

A total of 160 patients, 117 (73.1%) male and 43 (26.9%)
female, were included in the study. The mean age of the patients
was 64.21+13.79 years. Exudate was detected in 101 (63.1%)
cases and transudate in 59 (36.9%) cases, with 47 (29.4%) attrib-
uted to infectious causes and 113 (70.6%) to non-infectious causes.
Among pleural effusions, the most common causes were empyema
(11 cases, 6.9%), heart failure (28 cases, 17.5%), malignant effu-
sion (16 cases, 10%), unknown etiology (27 cases, 16.9%), parap-
neumonic effusion (20 cases, 12.5%), TB pleurisy (9 cases, 5.6%),
and other miscellaneous causes (49 cases, 30.6%) (Table 1). Each
group, categorized according to their diagnosis, was compared
internally regarding pleural fluid and serum CAR. While serum
CAR values were elevated in all groups except for the “others” cat-
egory, they were notably highest in the empyema and parapneu-
monic effusion groups (Table 2).

The mean pleural fluid CAR value was 31.79, and the serum
CAR value was 49.68 in the exudate group. The mean pleural fluid
CAR value was 7.76, and the serum CAR value was 9.97 in the tran-
sudate group. Both pleural fluid and serum CAR values were signif-
icantly higher in the exudate group than in the transudate group
(p<0.05, p<0.001). ROC curve analysis was performed to determine
the pleural fluid CAR cut-off level in the differentiation of exudate
and transudate. When the cut-off was taken as 9.48, the sensitivity
was 71.3%, the specificity was 71.2%, and the area under the curve
(AUC) was 0.79 (95% confidence interval) (Figure 1).

OPEN aACCESS



Article

ROC Curve
1,0
= PFCAR
== SCAR
0,8 Reference Line
> 0,67
2
.‘ﬁ
c
®
0,4
0,2
0,0 T T T T
0,0 0,2 04 06 08 1,0
1 - Specificity

Diagonal segments are produced by ties.

Figure 1. Receiver operating characteristic (ROC) curve analysis
of pleural fluid C-reactive protein/albumin ratio (PF CAR) and
serum CAR (S CAR) values in exudate and transudate separation.
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Figure 2. Receiver operating characteristic (ROC) curve analysis
of pleural fluid C-reactive protein/albumin ratio (PF CAR) and
serum CAR (S CAR) values in differentiating infectious and non-
infectious pleural effusion.

Table 3. Laboratory values in infectious and non-infectious pleural
effusion.

Infectious Non-infectious

Laboratory findings

PF-CAR 46.38 (1.2-118.4)  13.17 (1.0-89.0)  <0.001
PF-CRP 82.0 (4.0238.0)  14.0 (1.0-170.0)  <0.001
PF-albumin 2.2(0.5-3.5) 19(1.13.6)  0.137
S-CAR 72.43 (0.8-165.9) 19.48 (0.7-183.3) <0.001
S-CRP 173.0 (3.0-365.0)  30.0 (3.0-440.0)  <0.001
S-albumin 3.1 (1.7-4.4) 33(2.15.1) 0031

Data are presented as median (minimum-maximum). PF, pleural fluid, S, serum;
CAR, C-reactive protein/albumin ratio; CRP unit mg/L, albumin unit g/dL.
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We categorized the patients into two groups: those with pleural
infection (infectious: empyema, parapneumonic effusion, TB
pleurisy) and those without pleural infection (non-infectious: malig-
nant effusion, unknown etiology, heart failure, and other causes.
Pleural fluid and serum CAR values between these two groups were
compared. In the infectious group, the mean pleural fluid CAR
(46.38) and serum CAR (72.43) were found to be significantly high-
er than those in the non-infectious group (13.17 and 19.48, respec-
tively) (p<0.001) (Table 3). The threshold value for the pleural fluid
CAR >15.65 was found to be 80.9% sensitive and 73.5% specific in
predicting the fluid of infectious origin (Figure 2).

Discussion and Conclusions

Our prospective study demonstrates that both the pleural fluid
and serum CAR hold promise for distinguishing between infectious
and non-infectious pleural effusions, as well as between exudative
and transudative effusions.

CRP is a very inexpensive and easily applicable test that indi-
cates inflammation due to various causes, such as infection, vasculi-
tis, and trauma. Therefore, CRP has been the subject of many stud-
ies. Studies on serum CRP and pleural fluid levels have increased in
recent years.

Transudative pleural effusion develops due to various etiological
factors, which can vary between centers. Notably, the density of spe-
cific departments and the number of patients admitted influence this
condition. In our center, we have a significant number of patients
being monitored in the nephrology and cardiology departments, and
cases of resistant pleural effusions are referred to our department. In
our study, transudative fluid was detected in 36.9% of the included
patients. Given that the likelihood of detecting transudative fluid is
high in conditions such as heart failure and renal failure, thoracente-
sis was performed under the guidance of thoracic US when indicat-
ed. In this context, for patients diagnosed with heart or renal failure
who do not respond to diuretic therapy, the presence of symptoms
such as side pain, fever, significant asymmetry of bilateral fluid, or
excessive fluid on one side suggested the possibility of an underly-
ing primary disease as well as a secondary condition due to an
exudative pathology. Therefore, thoracentesis was deemed neces-
sary. This process is critical for the accurate assessment of patients
and the development of appropriate treatment plans [14].

CAR is a new prognostic score based on inflammation and has
been shown to have a high predictive value in tumors such as pan-
creatic, ovarian cancer, or lung [15-17]. Also, this rate can be com-
pared with other inflammation-based prognostic scores in predicting
prognosis. A retrospective study showed that it can be a prognostic
indicator in determining the severity of the disease in patients with
COVID-19, but it could not predict mortality [18].

Watanabe ef al., in their study involving 132 patients with pleu-
ral effusion in Japan between 2015 and 2017, analyzed the CRP
level, pleural fluid, and serum of patients [19]. As a result, CRP lev-
els measured in pleural fluid were higher in empyema, parapneu-
monic effusion, and tuberculous pleurisy compared to malignant
effusion and transudate, which was statistically significant.
However, there was no significant difference between empyema and
parapneumonic effusion. CRP levels measured in serum were found
to be higher in the parapneumonic effusion group (p<0.05) [19]. In
our study, the CAR measured in pleural fluid was statistically signif-
icantly higher in parapneumonic effusion compared to heart failure,
malignant, and paramalignant effusion (p<0.05).
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However, it was insignificant in distinguishing parapneumonic
effusion from empyema (p=1, p=0.37). In the same study, pleural
fluid CRP levels were lower than serum CRP levels. Our analysis
also observed that pleural fluid CRP levels were lower than serum
CRP levels. We found that pleural fluid and serum CAR levels
showed a strong positive correlation in all patients (p<0.01)
(r=0.838), regardless of their diagnosis. When the cut-off for pleural
fluid CAR levels was set at 15.65, the sensitivity was 80.9%, the
specificity was 73.5%, and the AUC was 0.841 in distinguishing
between infectious and non-infectious etiologies.

In a different study that included 233 patients between 2005 and
2008, they divided them into five groups and examined CRP levels
in both pleural fluid and serum [20]. As a result of the study, it was
found that the CRP values measured in pleural fluid and serum were
statistically significantly higher in the parapneumonic effusion
group compared to the other groups (p<0.001-0.006) [20].

Many studies have evaluated the pleural fluid CRP level in dif-
ferentiating between pleural fluid exudate and transudate. Ahmed et
al. found statistically significant CRP levels in the pleural fluid to be
higher in the exudate group (p<0.01) [21]. In our study, the pleural
fluid CAR was higher in the exudate group (p<0.05). When the cut-
off for pleural fluid CAR levels was set at 9.48, the sensitivity was
71.3%, the specificity was 71.2%, and the AUC was 0.79 in separat-
ing exudate from transudate (p<0.001).

Also, the synthesis of albumin, a negative acute phase reactant,
is suppressed by inflammatory cytokines in the presence of inflam-
mation [22]. Thus, albumin levels decrease in inflammation. For this
reason, it is observed that the CAR increases in case of inflamma-
tion. However, the value of CRP and albumin has the advantage of
reflecting not only the proinflammatory state but also the nutritional
state. Therefore, it has prognostic value not only in the case of
inflammation but also in healthy and malnutrition cases [23,24].

A prospective study hypothesized that an increased CAR indi-
cates a higher inflammatory condition and may be superior to CRP
and albumin alone in determining the prevalence and severity of
coronary artery disease [25]. In a retrospective study of 256
patients, CAR as a prognostic marker based on inflammation in
patients with pulmonary thromboembolism (PTE) was a useful
prognostic marker for PTE, and these results reinforce the role of
inflammation in PTE [26]. The strengths of this study include iden-
tifying CAR as an independent risk factor associated with 6-month
mortality in patients with acute PTE [26]. Our study’s most signif-
icant limitation was its single-center nature, as we were unable to
obtain enough patients in each disease group that caused pleural
effusion. Therefore, it has become apparent that supporting our
results with studies involving a larger patient cohort would be
appropriate.

In this study, we observed a strong positive correlation between
pleural fluid and serum CAR regardless of the cause of pleural effu-
sion. Additionally, pleural fluid CAR was significant in distinguish-
ing between infectious and non-infectious effusions, as well as
exudative and transudative effusions.
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