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Abstract

Purpose We studied the diagnostic value of cytokines, including vascular endothelial growth factor (VEGF), transforming
growth factor-p (TGF-f), and interleukin-8 (IL-8), and the ratio of lactate dehydrogenase (LDH) to adenosine deaminase
(ADA) in pleural fluid.

Methods Prospective analysis of 44 inpatients or outpatients with pleural fluid, from December 2016 to March 2017 was
conducted.

Results We enrolled patients with malignant pleural effusion (MPE, N=15), empyema (N=11), parapneumonic effusion
(PPE, N=17), chronic renal failure (CRF)/chronic heart failure (CHF) (N =7), and tuberculous pleural effusion (TBPE, N=4).
The pleural fluid values of IL-8 and VEGF were significantly higher in empyema patients than in CRF/CHF or PPE patients.
In all patients, the pleural fluid VEGF and IL-8 values were significantly positively correlated (r=0.405, p=0.006; r=0.474,
p=0.047, respectively). TGF-p was elevated in patients with empyema, PPE, TBPE, and MPE. The pleural LDH-to-ADA
ratio in patients with MPE or empyema/PPE was significantly higher than in patients with CRF/CHF or TBPE. LDH and
ADA levels correlated significantly only in patients with MPE (r=0.648, p =0.009) and empyema/PPE (r=0.978, p <0.001).
Conclusions VEGF and IL-8 production in the pleural cavity appear to accelerate the progression of PPE to empyema, by
enhancing vascular permeability associated with inflammation. Sequential sampling would be needed to confirm this. The
pleural LDH/ADA ratio may be a useful diagnostic tool for discriminating between various pleural effusion etiologies.

Keywords Interleukin-8 - Pleural LDH/ADA ratio - Transforming growth factor-f - Vascular endothelial growth factor -
Vascular permeability

Introduction

The most common etiologies for unilateral pleural effusion
are parapneumonic effusion (PPE) or empyema, tubercu-
lous pleural effusion (TBPE), and malignant pleural effu-
sion (MPE). We previously reported a simple method for
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discriminating empyema from parapneumonic effusion,
based on distinguishing between split and hemi-split signs,
and calculating the total amount of pleural fluid using tho-
racic computed tomography (CT) [1]. In general practice,
however, physicians cannot always use thoracic CT for the
evaluation of pleural effusion. Furthermore, although several
mechanisms underlying the accumulation of pleural effusion
have been proposed, including the formation of endothelial
fenestrations, loss of junctional integrity, and formation of
transcellular gaps [2]; the precise mechanism has not yet
been fully determined.

We hypothesized that vascular permeability mediated by
cytokines in the pleural fluid, such as vascular endothelial
growth factor (VEGF), transforming growth factor-p (TGF-
f), and interleukin-8, can affect the total amount of pleural
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effusion. In this study, we prospectively examined the cor-
relation between the total amount of pleural fluid (semi-
quantitatively assessed from chest X-rays), and the levels
of the aforementioned cytokines, in various diseases. We
also developed a novel method for analyzing pleural fluid,
based on measuring the ratio of pleural lactate dehydroge-
nase (LDH) to adenosine deaminase (ADA).

Materials and Methods

After obtaining informed consent, we prospectively enrolled
adult patients, in outpatient or inpatient settings, who
showed pleural effusion during the period from December
2016 to March 2017. All patients were enrolled either at the
time of their first visit to the Kyorin University Hospital (a
1100-bed tertiary care center in Tokyo), with pleural fluid
already evident, or after developing pleural effusion during
hospitalization. This study was approved by the ethics com-
mittee of Kyorin University on December 1, 2016 (approval
number H28-061).

Definition of the Diseases of the Enrolled Patients

The definition of empyema was based on Light’s criteria
(including only classes 6 and 7) [3] and category 3 or 4
of the American College of Chest Physicians consensus
(ACCP) [4]. Patients in classes 1-5 according to Light’s
criteria, or category 1 or 2 according to ACCP criteria,
were diagnosed with parapneumonic effusion. Tuberculous
pleural effusion was defined when the ADA level was higher
than 40 U/L, together with regression or resolution of the
pleural effusion after initiation of antituberculosis therapy,
or microbiological confirmation, including polymerase chain
reaction confirmation, of Mycobacterium tuberculosis in the
fluid. Malignant pleural effusion was defined when the fluid
was cytologically positive for malignant cells. Congestive
heart failure and/or chronic renal failure were based on a
clinical diagnosis.

To evaluate the total amount of pleural effusion semi-
quantitatively, a chest X-ray was divided at three levels:
(1) bronchial bifurcation, (2) upper level of the diaphragm,
and (3) midway between those levels (Fig. 1). The degree
of fluid accumulation was defined as mild, moderate, or
severe, according to whether the fluid observed in the chest
X-ray rose higher than level 1, 2, or 3, respectively (Fig. 1).
Patients who showed vertically oriented pleural effusion
with pleural adhesion were excluded, because of difficulty
in measuring the amount of fluid in such cases. Interob-
server correlation scores among the three reviewers were as
follows: T.S and T. W, k=0.813; M.T and T.W, k=0.772;
and T.S and M.T, k=0.888, suggesting good to excellent
reproducibility.
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Fig. 1 Definition of the degree of pleural fluid accumulation on chest
X-ray. Each chest X-ray was divided at three levels: (1) the bronchial
bifurcation, (2) the upper level of the diaphragm, and (3) midway
between 1) and 2). The degree of fluid accumulation was defined as
mild, moderate, and severe depending on whether the chest X-ray
showed fluid rising above the respective levels

Statistical Analysis

Numerical data were evaluated for normal distribution and
equal variance using the Kolmogorov—Smirnov test and
Levene’s median test, respectively. Categorical data are
presented as percentages of the total or as whole numbers,
as appropriate. Statistical comparisons of non-paramet-
ric data were performed using the Mann—Whitney test.
Comparisons of categorical data were made using Pear-
son’s Chi-square test. All tests were two-sided. Values of
p <0.05 were considered statistically significant. The data
were analyzed using SPSS version 19.0 for Windows.

Results

Clinical Characteristics of Patients with Pleural
Effusion

During the study period, we enrolled 44 patients with
pleural effusion, comprising, in order of frequency malig-
nant pleural effusion (MPE) (N=15), empyema (N=11),
parapneumonic effusion (PPE) (N=7), chronic renal fail-
ure (CRF)/chronic heart failure (CHF) (N =7), and tuber-
culous pleural effusion (TBPE) (N=4) (Table 1). The
mean age of subjects in the CRF/CHF group (median: 85
years, range 80-90 years) was significantly higher than the
ages of the MPE (median: 72 years, range 65—79 years,
p=0.002), PPE (median: 68 years, range 60-83 years,
p=0.026), and TBPE (median: 61 years, range 45-83,
p=0.003) groups; however, the male-to-female ratio and
the frequency of underlying disease were comparable in
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Table 1 Clinical characteristics of 49 patients with pleural effusion
All patients ~ CRF/CHF MPE TBPE Empyema PPE p value
Number of patients 44 7 15 4 11 7
Age 75 (63-82) 85 (80-90)™  72(65-79)* 61 (45-83)° 73 (60-78) 68 (60-83)°  0.05
Male 27 (55.1) 4(57.1) 7 (46.7) 3(75) 8 (72.7) 5(71.4) NS
Comorbidity
Lung cancer 12 0 12 0 0 0 0.001
Adenocarcinoma 8 0 0 0 0.007
Squamous carcinoma 4 0 4 0 0 0 NS
Other malignancies
Cancer originating in other organs 3 0 3 0 0 0 NS
Lymphoma 1 0 0 0 0 1 NS
Emphysema 2 0 0 0 2 0 NS
Idiopathic interstitial pneumonia 2 0 1 0 0 1 NS
Old TB 2 1 1 0 0 0 NS
NIDDM types 6 2 1 0 1 2 NS
CKD 5 2 0 0 1 2 NS

CRF chronic renal failure, CHF chronic heart failure, CKD chronic kidney disease, NIDDM non-insulin-dependent diabetes mellitus, MPE
malignant pleural effusion, PPE parapneumonic effusion, 7B tuberculosis, TBPE tuberculous pleuritis. Data are expressed as median (range)

4p=0.002: CRF/CHF vs. MPE
°»=0.026 CRF/CHF vs. PPE
°p=0.003 CRF/CHF vs. TBPE

each group, with the exception of lung cancer, for which
every subject showed MPE.

Semi-quantitative Analysis of Total Amount
of Pleural Fluid

Total Amount of Pleural Effusion on Chest X-ray
The total amount of pleural effusion was evaluated for each

patient based on the chest X-ray classification defined in
the Methods section (Fig. 1; Table 2). The proportion of

patients with mild effusion was significantly higher in the
CRF/CHF group (n=06, 85.7%) than in the empyema (n=2,
18.2%, p=0.02) or MPE (n=4, 26.7%, p=0.02) groups.
The PPE group (n=35, 71.4%) also contained a higher fre-
quency of patients with mild effusion than did the empyema
group (n=2, 18.2%, p=0.049). Conversely, the proportion
of patients with moderate effusion was significantly lower
in the CRF/CHF group (n=0, 0%) than in the MPE (n=38,
53.5%, p=0.002), TBPE (n=3, 75%, p =0.024), and empy-
ema (n=6, 54.5%, p=0.038) groups. The proportion of sub-
jects with severe effusion was comparable in all groups.

Table 2 Severity of pleural

- e . e All patients CRF/CHF MPE TBPE Empyema PPE p value
effusion in various conditions
on chest X-rays Number of patients 44 7 15 4 11 7
Amount of PE on chest X-ray
Mild 18 6%° 4¢ 1 241 5 p<0.05
Moderate 19 oabe 82 3b 6° 2 p<0.05
Severe 7 1 3 0 3 0 NS

PFE pleural effusion, CRF chronic renal failure, CHF chronic heart failure, MPE malignant pleural effusion,
PPE parapneumonic effusion, TBPE tuberculous pleuritis

4p=0.022: CRF/CHF vs. MPE
bp=0.024: CRF/CHF vs. TBPE

°p=0.038: CRF/CHF vs. Empyema
4p=0.013: CRF/CHF vs. Empyema

¢p=0.02: CRF/CHF vs. MPE
fp=0.049, Empyema vs. PPE
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Detection of IL-8, VEGF, and TGF- in Pleural Fluid

The level of interleukin-8 in the pleural fluid of the empy-
ema group (median: 5940 pg/mL, range 263-135,000 pg/
mL) was significantly higher than that in the CRF/CHF
(median: 43.3 pg/mL, range 34.7-6060 pg/mL, p=0.002)
or PPE (median: 184 pg/mL, range 4.3-16,300 pg/
mL, p=0.008) (Fig. 3a) groups. For vascular endothe-
lial growth factor (VEGF), the level was significantly
higher in the empyema group (median: 5180 pg/mL,
range 338-17,300 pg/mL) than in the CRF/CHF (median:
155 pg/mL, range 68-2660 pg/mL, p=0.014) or PPE
(median: 1450, range 171-4530 pg/mL, p =0.044) groups,
but was comparable to that of the MPE group (median:
1550 pg/mL, range 69-21,500 pg/mL). Similarly, the MPE
group had a significantly higher level of VEGF than the
CRF/CHF group (p=0.001) (Fig. 3b). For transforming
growth factor-p (TGF-p), the TBPE and empyema groups
both had significantly higher levels (TBPE, median:
10.2 ng/mL, range 9.0-11.7, p=0.027; empyema, median:

54.6 ng/mL, range 0.72—-28.3 ng/mL, p =0.032) than the
MPE group (median: 3.8 ng/mL, range 1.8—17.6 ng/mL).

Interestingly, pleural IL-8 and VEGF both in all enrolled
patients and in patients with empyema/PPE only were
moderately but significantly correlated (Fig. 4a, r=0.405,
p=0.006; Fig. 4b, r=0.474, p=0.047, respectively), but
the correlations in all enrolled patients were not significant
for pleural IL-8/TGF-f (r=0.17, p=0.27) or VEGF/TGF-§
(r=0.277, p=0.068). The IL-8 levels and neutrophil level
(%) in the pleural fluid also demonstrated a moderately posi-
tive correlation (r=0.406, p =0.009, data not shown).

Discussion

Abundant cytokines in pleural fluid have been considered to
be associated with infectious disease or malignant disease
[5, 6]. Among them, VEGF and TGF-f levels were thought
to be correlated with vascular permeability. In particular,
VEGF is a potent mediator of endothelial permeability and
is regulated by TGF-p [5, 7].
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First, the present study showed that both TGF-f and
VEGF levels can be elevated in empyema, PPE, and MPE,
and revealed a positive correlation between pleural VEGF
and IL-8 levels in both all the enrolled patients and in only
those with empyema/PPE (Fig. 4). Furthermore, it has not
been described previously that the differences between
empyema and PPE are related to significant elevation of
both IL-8 and VEGF in the pleural effusion; this accelerates
inflammatory processes and increases vascular permeability,
resulting in greater fluid accumulation in the pleural cavity.
Cheng et al. reported high levels of TGF-f in malignant
mesothelioma, TBPE, and sepsis [8], but previous studies
have not shown the differences between empyema and PPE
in terms of cytokine levels in the pleural effusion. Our obser-
vations suggest that VEGF/IL-8 elevation, along with an
increase in TGF-f, could play a part in the progression of
PPE to empyema.

Second, we were able to use chest X-rays to evaluate dif-
ferences in the total amount of pleural effusion semi-quan-
titatively, yielding results that are compatible with general
expectations (Fig. 2).

Third, we demonstrated the clinical value of the pleural
LDH/ADA ratio in the differential diagnosis of pleural effu-
sion, which has not been described previously. Among the
four clinical entities examined, only the MPE and empyema/
PPE conditions produced significant positive correlations
between pleural LDH and ADA levels (Table 3); these corre-
lations were not seen in patients with CRF/CHF and TBPE.
The former two entities showed comparable values of the
pleural LDH/ADA ratio, but it is possible that differences
could emerge if a larger number of cases were analyzed,
especially if this analysis could be combined with the use
of carcinoembryonic antigen levels in the pleural fluid, as
previous reported [9].

This study has limitations, in that the total number of
patients enrolled in each group was relatively small, particu-
larly in the case of TBPE, and only three types of cytokines
were examined, which is not enough to capture the whole
picture of pathogenesis relating to vascular permeability.

It is, however, noteworthy that VEGF and IL-8 levels in
the pleural fluid were positively correlated, which would
accelerate the progression of PPE to empyema, and that the
pleural LDH/ADA ratio proved to be moderately or strongly
correlated only in patients with MPE or empyema/PPE.
Accumulation of more cases might lead to the simple dif-
ferential diagnosis for pleural effusion.
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Conclusions

VEGEF and IL-8 production in the pleural cavity appear to
accelerate the progression of PPE to empyema, and the pleu-
ral LDH/ADA ratio may be a valuable diagnostic tool for
discriminating the possible etiologies of pleural effusion.
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