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INTRODUCTION

Background: The red cell distribution width (RDW) value has been recently
recognized as a valuable biomarker in clinical practice. The RDW value has not
been evaluated so far in patients with pleural effusion. Thus, this study aimed
to investigate whether RDW could distinguish between exudative and
transudative pleural effusions.

Materials and Methods: We measured protein and lactate dehydrogenase
levels on both pleural fluids and serum samples from 223 cases and classified
them as transudates or exudates based on the classic Light's criteria. We
collected blood cell count elements such as RDW from the medical records. We
also investigated the correlation between RDW and the nature of pleural
effusion.

Results: In 55.2% of the patients, pleural fluid was exudative. Although we
found no significant association between RDW and the nature of the pleural
fluid, we detected a significantly higher amount of RDW (14.9 <) in patients
with exudative pleural effusion compared to transudate (66.7% vs. 33.3%; P=
0.01). In this category, neoplastic conditions were mostly observed in the
patients (76.3%), followed by pulmonary thromboembolism (21.1%) and
systemic lupus erythematous (2.6%).

Conclusion: The findings could not reveal any noticeable correlation between
RDW and the Light criteria. However, it appears that elevated RDW levels give
insights into the valuable nature of RDW in different conditions such as
neoplastic diseases.
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criteria (3) (pleural fluid protein divided by serum protein

The first step to evaluate the cause of pleural effusion is
to determine the nature of effusions as transudates or
exudates. In contrast to transudative pleural effusion,
exudative effusion always requires further diagnostic
investigations and, occasionally, an invasive diagnostic
procedure, because it is the result of local pleural or
pulmonary pathologic conditions (1, 2).

Exudative and transudative pleural effusions can be

discriminated if they meet one or more of the Light's

is >0.5, pleural fluid lactate dehydrogenase (LDH) divided
by serum LDH is >0.6, pleural LDH above two-thirds of
the normal upper limit of serum LDH). In Heffner’s meta-
analysis (4), pleural fluid protein above 2.9 g/dl, pleural
fluid LDH above the 0.45 normal upper limit of serum, and
pleural fluid cholesterol above 45 mg/dL were described
for exudative pleural effusion.

Some clinicians investigated other biochemical

parameters as alternative criteria. These parameters



include alkaline phosphatase, creatine kinase, uric acid, C-
reactive protein, and pro-brain natriuretic peptide with
different cut-off points.

Recently, significant attention has been paid to the red
cell distribution width (RDW) value as a novel predictor in
several clinical settings such as congestive heart failure (5),
coronary artery disease (6), carotid atherosclerosis (7),
peripheral artery disease (8), and cerebrovascular accidents
(9). Moreover, the red cell distribution width (RDW) value
has been defined as a predictive value in the mortality rate
of hip fracture (10, 11), pancreatitis (12), acute kidney
injury (13), hemodialysis (14), necrotizing fasciitis (15),
infective endocarditis (16), sepsis (17), and even
organophosphate poisoning (18).

However, the higher rate of mortality has been
revealed in relation with higher RDW and some
pulmonary diseases such as lung cancer (19, 20),
pulmonary hypertension (21), pulmonary embolism (22,
23), acute dyspnea (24), community-acquired pneumonia
(25), and chronic obstructive pulmonary diseases (COPD)
(26).

To the best of our knowledge, no study has assessed
the correlation between RDW and the nature of pleural
effusion. Thus, in this study, we intended to investigate
whether RDW could distinguish exudative pleural

effusions from transudative ones.

MATERIALS AND METHODS
Study population

We conducted this cross-sectional study on 231 patients with
pleural effusion admitted to the Imam Reza Hospital, a tertiary
academic hospital affiliated to the Tabriz University of Medical
Sciences, from January 2015 to December 2016. After acquiring
approval from the Medical Ethics Committee (Approval ID:
TBZMED.REC.1394.1205) and obtaining informed consent, we
selected patients with pleural effusion above 18 years of age
undergoing diagnostic thoracentesis for the evaluation of
underlying diseases. We collected detailed demographic, clinical,
and laboratory data for each patient, and then, obtained
simultaneous specimens for biochemical parameters from pleural
fluid and blood samples.

We excluded eight patients from the study due to non-

definitive diagnosis, obvious hemothorax secondary to trauma,
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hematological disorders, or diuretic treatment prior to
thoracentesis. We then classified the effusions of the remaining
223 cases as transudates or exudates based on the classic Light’s
criteria (3).

Laboratory measurements

After thoracentesis, we performed the following analyses on
the pleural effusion samples including pleural fluid cell count
and differential cell count, pleural fluid protein, and pleural fluid
LDH (P. LDH). Simultaneously, a blood sample was obtained to
determine leukocyte count, hemoglobin level, mean corpuscular
volume, red cell distribution width (RDW), platelet count, mean
platelet volume, total serum protein (S. Pro), and lactate
dehydrogenase (S. LDH). Subsequently, the pleural fluid to
serum LDH ratio and the pleural fluid to serum protein ratio were
calculated to determine whether pleural effusion was either
exudative or transudative.

Additionally, a pleural fluid sample was sent for routine
microbiologic (Gram staining, and acid-fast bacilli) and
cytological examination. Further examinations, such as pleural
biopsy, thoracoscopy, or diagnostic thoracotomy, were
performed as required in patients for whom the pleural effusion
etiology was not determined.

Statistical analysis

Quantitative variables were expressed as mean + standard
deviation (SD) and median. The mean differences of qualitative
and quantitative variables were analyzed using a Chi-square test
and an independent sample t-test in the data with normal
distribution and a Mann—Whitney U-test in the data without
normal distribution, respectively.

RDW was used to determine cut-off points to the highest
possible level of accuracy and precision in a receiver operating
characteristic (ROC) curve to assess the discriminating
performance of RDW to separate exudative pleural effusions
from transudative ones. Spearman's coefficient correlation was
used to detect the correlation between the quantitative variables.
The data were analyzed using Statistical Package for the Social
Sciences (SPSS) version 16.0 (Chicago, IL, USA) and the

parameters were considered significant if P-value <0.05.

RESULTS

We enrolled 223 patients with a mean age of 61.05 +
16.83 years (ranging from 24 to 84 years) including 119
(53.4%) males and 104 (46.6%) females. The etiology of
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pleural effusions is shown in Table 1. According to the
Light's criteria, 100 patients (44.8%) had transudative
pleural effusion and 123 patients (55.2%) had exudative

pleural effusion.

Table 1. The baseline characteristics of biochemical markers

Variables All patients Transudate Exudate P value
P. Pro
mean + SD 3.38+0.83 2.53+0.39 6.23+25.54 <0.001
median 34 2.61 4.02
S. Pro
mean + SD 5.16+0.74 5.38+0.76 5.0240.70 0.001
median 34 5.45 5.2
PIS Pro
mean + SD 0.66+0.15 0.47+0.03 0.77+0.05 <0.001
median 0.73 0.46 0.77
P. LDH
mean+SD  364.59+292.13  152.89+22.97  493.38+305.21  <0.001
median 285 154 375
S.LDH
mean+SD  503.69+375.21  355.54+325.02  607.38+367.57  <0.001
median 365 295 450
P/'S LDH
mean + SD 0.71£0.43 0.50+0.06 0.84+0.51 <0.0001
median 0.75 0.52 0.80
HB
mean + SD 12.54+2.10 12.57+1.59 12.52+2.44 0.86
median 124 12.3 126
MCV
mean + SD 83.74+7.17 84.55+8.62 83.09+5.68 0.12
median 83 84 82
RDW
mean + SD 13.23+2.01 13.15+1.76 13.30£2.20 0.59
median 13 13 12.80
PLT *103
mean + SD 284142 244.03+26 317.58+51 0.19
median 212 198.50 215
MPV
mean + SD 11.26+1.24 11.32+1.27 11.22+1.22 0.59
median 11.8 11.80 11.70
WBC*103
mean D 9.78+5.10 7.43+4 57 11.69+4.70 <0.001
median 8.35 7.15 1.7

The baseline characteristics of biochemical markers are
summarized in Table 1. In this study, we obtained the
mean * SD of the biochemical markers in serum and
compared them in two types of pleural fluid. We found no
significant differences concerning RDW between exudative
pleural effusion and transudative effusion (Table 1).

Though, we detected high RDW levels above median in
exudative pleural effusions. Figure 1 shows that the
median RDW between first (Q1) and third (Qs) quartile the
median value for RDW in all patients was 13% (Q:-Qs:
11.9-14.9%) in all the patients. The patients were divided
into three groups based on RDW ranges (the lowest RDW
range < 11.9%, the middle 50% RDW range 12-14.8%, and
the highest RDW range 2= 14.9%). Table 2 shows the
frequency distribution in different RDW ranges, separately
in transudative and exudative pleural effusions. In this
categorization, we noticed a significantly higher amount of
RDW (14.9% <) in patients with exudative effusion than in
those with transudative pleural effusion (66.7% vs. 33.3%;

P=0.01).

Table 2. Frequency distribution in different RDW ranges

RDW ranges All patients ~ Transudative PE  Exudative PE
Q : =19 59 22(37.3%) 37(62.7%)
QQs: 12-14.8 107 59(55.1%) 48(44.9%)
Qs 1 149< 57 19(33.3%) 38(66.7%)

P: Pleural; S, Serum; Pro: Protein; LDH: Lactate Dehydrogenase; HB: Hemoglobin; MCV:
Mean Corpuscular Volume; RDW: Red Cell Distribution; WBC: Wight Blood Cell; PLT:
Platelet; MPV: Mean Platelet Volume

The mean age difference was significant between the
transudative (66.00 *+ 16.9 years) and exudative (57.03 *
15.67 years) groups (P < 0.001).

RDW: Red Cell Distribution Width; PE: Pleural Effusion; Q: Quarter
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Figure 1. Median RDW values in transudate and exudate pleural effusion
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In the exudative pleural effusion group, in terms of
etiology, mneoplastic conditions (76.3%), followed by
pulmonary thromboembolism (PTE, 21.1%) and systemic
lupus erythematosus (2.6%), were observed in patients
with RDW2>14.9%, as shown in Figure 2. Of the 35 patients
with neoplastic conditions, 82.9% had RDW 2> 14.9% and
the remaining 17.1% had RDW under 14.9%.

Even though, according to ROC curve analysis, the area
under the curve for RDW was 0.50 (P=0.94, 95%CI=0.42-
0.57, Figure 3), we noticed that RDW had no accuracy to
distinguish exudative pleural effusion from transudative

effusion.
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Figure 2. Stacked Bar Chart by RDW Quartile based on etiology in patients with
Exudative pleural effusion
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Figure 3. Receiver operating characteristic (ROC) curve and the area under
curve (AUC) of RDW

Rezaeifar P, etal. 367

We assessed the correlation between the laboratory
blood parameters and the pleural fluid parameters and
found significant correlation between RDW with S. LDH,
P.LDH, and S. Pro (Table 3).

Table 3. The bivariate Spearman correlation between blood and pleural fluid
parameters

Variables HB MCV  RDW  WBC  PLT  MPV
Comelaon o146 004 000 045 018 004
P.Pro Coefficient
P Value 0.10 0.57 018 <0001 0008 049
Correlation 025 024 024 003 008 017
S. Pro Coefficient
P Value <0001 0001 <0001 062 024 001
Comelaon 504 021 003 043 047 -003
p/spro  Coefficient
P Value 056 0003 062 <0001 001 063
Correlation 030 024 028 031 003 015
s.LpH  Coefficient
P Value <0001 0001 <0001 <0001 063 002
Correlation 028 028 025 039 003 047
p.LpH  Coefficient
P Value <0001 <0001 <0001 <0001 061 001
Correlation
EIDSH P 001 021 002 044 017 001
P Value 084 0002 070 <0001 001 087

P: Pleural; S, Serum; Pro: Protein; LDH: Lactate Dehydrogenase; HB: Hemoglobin; MCV:
Mean Corpuscular Volume; RDW: Red Cell Distribution; WBC: Wight Blood Cell; PLT:
Platelet; MPV: Mean Platelet Volume

DISCUSSION

RDW is a biomarker for variability in the size of red
blood cells and has been used in the differential diagnosis
of anemia, hemolysis, blood transfusion, or ineffective
erythropoiesis. RDW is associated with several
mechanisms that inhibit the maturation of erythrocyte in
relation with erythropoietin and also inflammatory
cytokines, especially in Interleukin-6 levels (27).

In this study, we hypothesized that RDW might be a
noninvasive method for distinguishing exudative effusion
from transudative pleural effusion. Since a complete blood
count test is routinely performed on patients admitted to
the hospital and is rather inexpensive, it might yield
valuable information. Recently, high RDW has been
considered as a biomarker of adverse outcomes in
numerous acute and chronic conditions including

thromboembolic events (28), cardiovascular diseases (29),

and respiratory diseases (30). Thus, it was a good idea to
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identify a novel marker and a noninvasive method that
may improve clinical decision making in distinguishing
exudates from transudates.

In a pulmonary setting, Rahimirad et al. (31) noticed
that higher RDW values were associated with increased in-
hospital mortality in patients with the acute exacerbation
of COPD (odds ratio: 2.31).

Lee et al. (32) enrolled patients with pneumonia and
reported that RDW was associated with 30-day mortality,
the length of hospital stay, and the use of vasopressors in
hospitalized patients. High RDW is correlated with an
increased mortality rate and it is a better prognostic
indicator ~ than  N-terminal-pro-B-type  natriuretic
peptide (NT-pro-BNP) in patients with pulmonary
hypertension (21).

In a study on patients with acute PTE, the optimal cut-
off value of RDW to predict early mortality was >14.6%
and RDW appeared to help the risk stratification of
patients with acute PTE (23). This cut-off is in accordance
with our findings about high RDW (>14.9%) in patients
with PTE as a cause of exudative pleural effusion, although
the mortality rate of PTE was not the focus of the current
study.

Koma et al. (20) reported that higher RDW values were
significantly associated with higher clinical cancer stage
and poorer prognosis compared to lower RDW values.
Although we did not determine the correlation between
tumor stage and prognosis with RDW, in line with Koma
et al.’s study, we found an elevated RDW value in patients
with the neoplastic condition as a prominent result of our
study.

A large sample cohort study reported a non-significant
correlation between RDW and venous thromboembolism
in patients with newly cancer diagnosis but high RDW was
found to be a significant predictor of mortality (33).

Ideal diagnostic markers should be highly specific,
sensitive, inexpensive, and noninvasive. Thus, we
attempted to find a quick and accurate biomarker to
distinguish various types of pleural effusion. In other

studies, RDW was used as an independent predictor of

adverse outcomes. However, in the current study, RDW
was used as a diagnostic marker, which is the major
difference of our study with others.

This prospective cross sectional study had some
limitations. We noticed that most of the patients in the
higher quartile of RDW (Qy) in exudative pleural effusion
had neoplastic conditions probably due to inflammatory
cytokines. However, we did not study other factors such as
anemia, transfusion status, iron, vitamin B12, or folate
deficiencies that may affect the RDW level. Thus, these
findings encourage further studies with large sample sizes
to examine the effect of RDW levels on various causes in

this population.

CONCLUSION

Although this study’s findings cannot demonstrate any
correlation between RDW and the nature of pleural
effusion, it appears that elevated RDW levels give
suggestions to clinicians about the major role of RDW in
predicting different aspects of conditions such as

neoplastic diseases.
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