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Abstract

, Jan Kubalik, Eva Hanuljakova, lvan Stanek, Vilem Maly,

Background: The predominance of neutrophils in pleural effusions of patients with different
serious impairments of the pleural cavity organs is often found. The aim of this study was to
identify the type of injury using the cytological-energy analysis of pleural effusions.

Methods: We analysed 635 samples of pleural effusions with predominance of neutrophils.
We compared the values of the coefficient of energy balance (KEB), lactate dehydrogenase
(LDH) and aspartate aminotransferase (AST) catalytic activities in the following subgroups of
patients: with transudative effusions, purulent pneumonia, chest empyema and after chest
surgery with and without purulent complications. Statistical analysis was performed using the
ANOVA Kruskal-Wallis test (p <0.05 was considered as significant).

Results: We found the lowest KEB values in pleural effusions of patients with chest empyema
and their gradual increases in patients with purulent pneumonia and with transudative effusions.
We observed the highest LDH and AST enzymes activity in patients with chest empyema and
their gradual decrease in patients with purulent pneumonia and with transudative effusions.
LDH and AST enzymes activity was significantly higher in pleural effusions of patients after chest
surgery with purulent complications compared with non-purulent cases.

Conclusion: The most intensive inflammation and the most extensive tissue destruction in

the pleural cavity were found in patients with chest empyema. Significantly better parameters
were observed in patients with purulent pneumonia. The absence of serious inflammation

and the absence of tissue destruction were typical for patients with transudative effusions.
Finally, our results confirmed an anticipated higher tissue destruction in patients after chest
surgery. Significantly worse injury was found in surgical patients with purulent complications

compared with non-purulent ones.

The reviews of this paper are available via the supplemental material section.
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Introduction

Production of pleural effusion can accommodate
different pathological processes in the pleural cav-
ity. In accordance with their origin, the pleural
effusions are either transudates or exudates.
Imbalance between hydrostatic and oncotic pres-
sure within the capillaries usually leads to produc-
tion of transudative effusions in patients with
congestive cardiac failure, renal failure and some

other systemic disorders. Exudative effusions are
the consequence of mesothelial and capillary per-
meability increasing during inflammatory response
in the pleural cavity.!->

The subject of our interest is the pleural effu-
sions with predominance of neutrophils from
patients with different impairments of the pleu-
ral cavity.
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Figure 1. The first model of energy relationships in the pleural effusion-physiological response.
ATP, adenosine triphosphate; KEB, the coefficient of energy balance [in Czech 'Koeficient Energetické Bilance’l; 0,, oxygen
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Figure 2. The second model of energy relationships in the pleural effusion-local inflammatory response.
ATP, adenosine triphosphate; KEB, the coefficient of energy balance [in Czech ‘Koeficient Energetické Bilance’]; 0,, oxygen

Neutrophils are considered as effector cells of
innate immunity. Their key role is to phagocytose
extracellular bacteria.®12 Therefore they can be
found primarily in the pleural effusions of patients
suffering with bacterial infection of pleural cavity
organs, for example in cases of bacterial pneumo-
nia or chest empyema. Both these pathologies are
characterized by microphagocytosis of extracellu-
lar bacteria and oxidative burst of neutrophils in
the pleural cavity in the presence of purulent
inflammation and tissue damage with a high risk
for patients.!321 On the other hand, the signifi-
cant presence of neutrophils in pleural effusions
can also be found in patients with heart failure,
systemic sepsis and patients who underwent chest
surgery. Our aim was to identify dangerous puru-
lent complication using the cytological-energy
analysis of pleural effusions as early as possible, in
groups of our patients with different impairments
of pleural cavity.22:23

The first step of the cytological-energy analysis of
pleural effusion consists of the determination of
the frequency of immunocompetent cells. The
second step is the investigation of molar concen-
trations of glucose and lactate in pleural effusion
and the calculation of the coefficient of energy
balance (KEB):

[lactate]

KEB = 38 - 18 [glucose]

The KEB is the theoretical average number of
adenosine triphosphate molecules produced from
one molecule of glucose under the conditions
found in the extravascular compartment. The
KEB values represent the intensity of local inflam-
matory response.?2-25

Two energy models of the pleural
compartment?2.23

Oxygen is dissolved in the pleural effusion under
the physiological conditions, enabling predomi-
nantly aerobic metabolism in the pleural com-
partment. This is associated with a relatively high
production of adenosine triphosphate (ATDP),
which is expressed as a high KEB value (Figure 1).

Pathological changes in the pleural compartment
are usually associated with the inflammatory
response (Figure 2). There is a great demand of
activated immunocompetent cells in the pleural
effusion for energy. Therefore, they consume
higher amounts of glucose along with more oxy-
gen utilization. This leads to the decreased level
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of oxygen in pleural effusion and results in anaer-
obic metabolism with an overproduction of lac-
tate. Anaerobic metabolism is energetically less
efficient, resulting in decreased ATP production.
This is reflected as decreased KEB values.

Materials and methods

This retrospective study was approved by the
local Ethics Committee of the Masaryk Hospital
Usti nad Labem (reference number: 279/1). No
informed consent was required for this study. The
work did not involve any human experiments and
did not require the collection of data out of com-
mon routine investigation. All patient records and
information were anonymized and deidentified.

We have collected data from all investigated
patients and their pleural effusions for a few years.
After the finish of the diagnostic process patients
were sorted in accordance to the type of pleural
cavity impairment. In this study we focused only
on causes with predominance of neutrophils in
pleural effusions of patients with heart failure (33
samples), systemic sepsis (26 samples), after chest
surgery without purulent complication (128),
after chest surgery with purulent complication
(69 samples), with bacterial pneumonia (96 sam-
ples) and chest empyema (283 samples). Every
specimen of patients after chest surgery was col-
lected during the first 9days after operation.
Patients with heart failure and systemic sepsis
were assessed together in a subgroup with transu-
dative pleural effusions.

The pleural effusion samples were collected via
pleural cavity drainage in a test tube without
anticoagulants and immediately transported to
our laboratory. In all cases, the total number of
elements in the pleural effusion was calculated
under the optical microscope using a Fuchs-
Rosenthal chamber and microscopic smear using
cytocentrifuge method was prepared immedi-
ately after receiving the sample. Permanent cyto-
logical smears were stained using Hemacolor
(Merck Co., Germany). Microscopic analyses
were performed using Olympus BX40 micro-
scope (Olympus, Japan) to determine cellular
composition of pleural effusions.

Another aliquot of the sample was centrifuged and
the molar concentrations of glucose and lactate
and catalytic activities of lactate dehydrogenase

(LDH) and aspartate aminotransferase (AST)
were determined. We measured the molar con-
centrations of glucose using the hexokinase
method and molar concentrations of lactate
using the lactate-oxidase and peroxidase method
on a Cobas 6000 analyzer (Roche Diagnostics,
Switzerland). The KEB values were calculated for
all samples.

The catalytic activities concentrations of LDH
and AST in pleural effusions were measured
using the IFCC method on a Cobas 6000 ana-
lyzer (Roche Diagnostics, Switzerland).

The rest of the supernatant was transiently stored
at +4°C to +8°C for potential future analysis.

Relative frequencies of neutrophils, KEB values
and catalytic activities concentrations of LDH
and AST in the pleural effusions are presented as
a median and the first and the third quartile.
Statistical analysis was performed using the
ANOVA Kruskal-Wallis test (p<<0.05 was con-
sidered as significant) via STATISTICA 13.3
software (StatSoft Inc., USA) (Table 1).

Light’s criteria are considered as the gold standard
to differentiate transudates from exudates?%27 and
have evolved over time. Therefore, their usage is
not uniform. We compared specificities, sensitivi-
ties and diagnostic efficiency of some Light’s crite-
ria parameters and KEB values in patients with
typical transudates (heart failure and systemic
sepsis), exudates (bacterial pneumonia) and com-
plicated exudates (chest empyema) (Table 2).

We accepted the following values of pleural effu-
sion parameters for the determination of compli-
cated exudates: the low concentrations of glucose
<3.4mmol/L,>?831 the high concentrations of
lactate >5.0 mmol/L,32 the high value of lactate
dehydrogenase catalytic activities >1000.01U/
1.42631 and the high concentration of total protein
>30.0g/1.26-28 (Table 2).

We plotted the receiver operator characteristic
(ROCQC) curves for comparison of glucose concen-
trations, LDH catalytic activities and KEB values
in pleural effusions of patients with purulent
(positive group; 7 =448) and non-purulent (nega-
tive group; n=187) pleural effusions (MedCalc®
v19.2.1, MedCalc Software Ltd, Belgium)
(Figure 3; Table 3).
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Table 1. Cytological-energy analysis of pleural effusions and concentrations of LDH and AST catalytic activities in pleural effusions.

Median Transudates Post surgery Post surgery Exudates Complicated
(1st-3rd n=59 without purulent with purulent exudates
quartile) complication complication
n=128 n=69 Purulent Chest empyema
pneumonia n=283
n=96
Neutrophils, % A B c c c
58.0 80.5 87.0 84.5 88.0
(49.5-73.5) (63.8-88.0) (81.0-93.0) (75.0-91.3) (78.0-94.0)
KEB A A B c D
32.7 245 -14.8 -169.6 -2334.4
(30.5-34.2) (18.6-28.1) (-91.4-3.4) (-1771.1 to -5.1) (-5701.8 to =50.8)
LDH, IU/L A B c C D
150.6 822.6 1842.0 1430.4 4170.9
(110.1-290.7) (501.8-1734.6) (1168.2-3109.0) (869.2-3212.1) (1495.8-13,980.0)
AST, IU/L A B c B C
15.6 127.2 208.2 69.9 236.4
(9.6-27.6) (65.9-259.2) (110.4-561.0) (46.0-142.6) (76.8-570.0)

Groups sharing capital letters (A, B, C, D) are not significantly different as analysed by ANOVA Kruskal-Wallis test for multiple comparisons (family

wise a=0.05).

AST, aspartate aminotransferase; KEB, coefficient of energy balance; LDH, concentrations of lactate dehydrogenase catalytic activities in pleural
effusions; n, number of patients

Results

We found the highest frequency of neutrophils in
pleural effusions of patients with purulent inflam-
mation in the presence of chest empyema, pneu-
monia and after chest surgery. Significantly lower
frequency of neutrophils was found in pleural
effusions of patients without purulent inflamma-
tion after chest surgery. The lowest frequency of
neutrophils was observed in transudative pleural
effusions of patients with heart failure and sys-
temic sepsis (Table 1).

The lowest KEB values were found in pleural
effusions of patients with chest empyema.
Significantly higher KEB values were found in
pleural effusions of patients with pneumonia.
There was a further significant increase of KEB
values in pleural effusions of patients after chest
surgery with a purulent complication. The high-
est KEB values were found in the subgroups of
patients without purulent inflammation after
chest surgery and with transudative pleural effu-
sions (Table 1).

The highest concentrations of LDH catalytic
activities were determined in pleural effusions of
patients with chest empyema. Significantly lower
values were found in patients with pneumonia
and in patients after chest surgery with a purulent
complication. The significantly decreased cata-
lytic activities of LDH in pleural effusions were
found in patients after chest surgery without
purulent complications. The lowest values of
LDH catalytic activities were found in patients
with transudative pleural effusions (Table 1).

We found the highest concentrations of AST cata-
Iytic activities in pleural effusions of patients with
chest empyema and in patients who underwent
chest surgery with the subsequent purulent com-
plications. Significantly lower values of AST cata-
Iytic activities were found in pleural effusions of
patients suffering with pneumonia and in patients
after chest surgery without purulent complica-
tions. The lowest values of AST catalytic activities
were observed in pleural effusions of patients with
transudative pleural effusions (Table 1).
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Table 2. Specificities, sensitivities and diagnostic efficiencies of some traditional Light's criteria parameters and KEB values in

selected groups of patients.

Parameters Transudates Exudates Complicated exudates
Purulent pneumonia  Chest empyema
Glucose Specificity (%) 64.9 ND ND
=3.4mmol/L Sensitivity (%) 100.0 ND ND
Dg. efficiency (%) 80.6 ND ND
Lactate Specificity (%) 82.3 ND ND
=5.0mmol/L Sensitivity (%) 915 ND ND
Dg. efficiency (%) 86.8 ND ND
LDH Specificity (%) 71.2 ND ND
=<1000.01U/L Sensitivity (%) 98.3 ND ND
Dg. efficiency (%) 83.7 ND ND
Total protein Specificity (%) 64.9 ND ND
=30.0g/L Sensitivity (%) 72.9 ND ND
Dg. efficiency (%) 68.8 ND ND
Glucose Specificity (%) ND 45.1 65.6
<3.4mmol/L Sensitivity (%) ND 82.3 89.8
Dg. efficiency (%) ND 60.9 76.8
Lactate Specificity (%) ND 27.5 39.5
>5.0mmol/L Sensitivity (%) ND 91.7 94.0
Dg. efficiency (%) ND 50.2 60.9
LDH Specificity (%) ND 35.6 51.4
>1000.01U/L Sensitivity (%) ND 65.6 845
Dg. efficiency (%) ND 48.4 65.9
Total protein Specificity (%) ND 40.6 44.3
=30.0mg/L Sensitivity (%) ND 70.8 68.0
Dg. efficiency (%) ND 53.6 54.9
KEB >20.0 Specificity (%) 83.2 ND ND
Sensitivity (%) 96.6 ND ND
Dg. efficiency (%) 89.6 ND ND
KEB <0.0 Specificity (%) ND 43.2 ND
Sensitivity (%) ND 80.2 ND
Dg. efficiency (%) ND 58.9 ND
KEB <-100.0 Specificity (%) ND ND 80.7
Sensitivity (%) ND ND 79.5
Dg. efficiency (%) ND ND 80.1

Diagnostic efficiency = \/specificity. sensitivity .
Dg., diagnostic; KEB, coefficient of energy balance; LDH, concentrations of lactate dehydrogenase catalytic activities in pleural effusions; ND, not
done
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Figure 3. ROC curves for KEB value, glucose
concentration and catalytic activity of LDH in the
pleural effusions.

Glucose, glucose concentrations in the pleural effusions;
KEB, coefficient of energy balance; LDH, lactate
dehydrogenase catalytic activities in the pleural effusions;
ROC, receiver operator characteristic

We found the high diagnostic efficiency of high
glucose concentrations and low lactate and LDH
catalytic activity concentrations in patients with
transudative pleural effusions. The best resolution
was reached when the KEB values were over 20.0.
Low concentrations of total protein in pleural
effusions also confer acceptable diagnostic effi-
ciency in this subgroup of our patients (Table 2).

The low glucose concentrations and KEB values
under 0.0 in pleural effusions of patients with
purulent pneumonia give us similarly acceptable
diagnostic efficiencies. Diagnostic efficiencies for
high concentrations of lactate, total protein and
LDH catalytic activity in pleural effusions of the
same subgroup of patients were low (Table 2).

The best diagnostic efficiency for the KEB val-
ues under —100.0 and high diagnostic efficiency
for low glucose concentrations in the pleural
effusions of patients with chest empyema were
determined. Furthermore, we found acceptable
diagnostic efficiencies for high concentrations of
lactate and LDH catalytic activity in pleural
effusions of the same subgroup of patients.
Diagnostic efficiency for high concentrations of
total protein in pleural effusions is very low in
these patients (Table 2).

We found the highest area under the ROC curve
(AUC) for KEB values, lower AUC for glucose
concentrations and the lowest AUC for LDH cat-
alytic activities in the pleural effusions. There are
highly significant differences between all AUC
values (p<<0.001). Assessments of KEB values
and glucose concentrations were classified as
excellent diagnostic tools for detection of the
purulent inflammation in the pleural -cavity.
Assessment of LDH catalytic activities was classi-
fied as a very good diagnostic tool for detection of
the purulent inflammation in the pleural cavity3*
(Figure 3; Table 3).

Discussion

We often found a predominance of neutrophils
in the cytological analysis of pleural effusions
from patients with different pathologies in the
pleural cavity. The activation of neutrophils in
this compartment represents a relevant type of
local immune response. We observed the absence
of or mild local inflammatory response in some
patients. Contrarily, we found very intense
inflammation with oxidative burst of neutrophils
as the sign of purulent inflammation in other
patients,822,35-38

Table 3. Comparison of the ROC curves for KEB values, glucose concentrations and LDH catalytic activities in
purulent and non-purulent pleural effusions of our patients (p <0.05 was considered as significant).

Parameters AUC SE 95% CI Glucose LDH
p-values

KEB 0.981 0.005 0.968-0.990 <0.001 <0.001

Glucose 0.963 0.007 0.946-0.977 ND <0.001

LDH 0.837 0.016 0.806-0.865

AUC, area under ROC curve; 95% Cl, 95% confidence interval (binomial exact); Glucose, glucose concentrations in the
pleural effusions; KEB, coefficient of energy balance; LDH, lactate dehydrogenase catalytic activities in the pleural
effusions; ND, not done; ROC, receiver operator characteristic; SE, standard error (method of De Long et al.33).
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Energy assessment of pleural effusions, contrary
to their similar cellular composition, allows to
distinguish between different immunity patterns
in the pleural cavity. One aim of this study was to
delineate between non-purulent immunity
response and damaging purulent inflammation in
the pleural cavity using the KEB values. The
ROC analysis confirmed an excellent diagnostic
ability of this parameter for detection of the puru-
lent inflammation in the pleural cavity. We also
found very good results for glucose concentra-
tions in pleural effusions (Figure 3; Table 3). In
comparison with glucose concentrations the KEB
values allow better assessment of the local inflam-
mation dynamics. The glucose concentration in
pleural effusion is directly dependent on actual
concentration in the patient plasma. For exam-
ple, diabetic, alimentary or stress hyperglycaemia
can mask the local glucose depletion in the pleu-
ral cavity during inflammation. Similarly, the
systemic hypoglycaemia can lead to decrease of
glucose concentrations in the pleural effusions
without inflammation in the pleural cavity. The
KEB eliminates these disadvantages success-
fully.?22425 In addition, its continuous progres-
sion allows reliable monitoring of efficacy of the
therapy.

We compared the intensity of different local
inflammatory response in the pleural cavity using
the KEB values in transudative (from patients
with heart failure and systemic sepsis), exudative
(from patients with purulent pneumonia) and
complicated exudative (from patients with chest
empyema) pleural effusions with predominance
of neutrophils values.#22:24:27,36,39-42 Subsequently,
we determined the degree of tissue injury in the
pleural cavity using the LDH and AST catalytic
activities in the transudative, exudative and com-
plicated exudative pleural effusions (Table 1).
We identified the considerable differences com-
paring transudative, exudative and complicated
exudative pleural effusions. Exudates and compli-
cated exudates were characterized by significantly
lower KEB values and higher concentrations of
LDH and AST catalytic activities when com-
pared with transudates (Table 1). These results
evidenced in patients with purulent inflammation
higher intensity of anaerobic metabolism and tis-
sue injury in the pleural cavity caused by oxida-
tive burst of neutrophils which is usually induced
by the invasion of extracellular bacteria.43#* In
addition, the significant difference in KEB values
when we compared patients with chest empyema

(complicated exudates) and purulent pneumonia
(exudates) could delineate intensities of these
different purulent inflammatory impairments’
pathologies.

Furthermore, our results confirmed the correla-
tion between KEB values and concentrations of
LDH and AST catalytic activities in pleural effu-
sions (Table 1). KEB values were significantly
lower and concentrations of LDH and AST cata-
lytic activity were significantly higher in pleural
effusions of patients with chest empyema (com-
plicated exudates) compared with patients with
purulent pneumonia (exudates). The increased
tissue injury in relation to the increase in the
intensity of destructive purulent inflammation is
our explanation for this phenomenon.

The very specific aim of this study is to reveal the
different immune response in the pleural cavity of
patients after chest surgery without or with local
purulent complications. The cytological-energy
analysis of pleural effusions using KEB value
determination is very good method to distinguish
between these two pathologies. Our long-term
experiences and recent studies have revealed as
an optimal cut-off a KEB value of 10.0, to distin-
guish between ‘purulent’ and ‘non-purulent’
extravascular body fluids.?22-25 The intensity of
local immunity response in the pleural effusions
of patients without purulent complications, rep-
resented by KEB values, is similar to those in
patients with transudative pleural effusions.
Concentrations of LDH and AST catalytic activi-
ties in pleural effusions of these patients com-
pared with patients with purulent complications
are significantly lower (Table 1). We explain this
phenomenon as the absence of local destructive
purulent inflammation in the pleural cavity. On
the other hand, concentrations of LDH and AST
catalytic activities in pleural effusions in these
non-purulent cases after chest surgery compared
with transudative effusions are significantly
higher. This is the consequence of mechanical tis-
sue destruction after surgical intervention in our
opinion.

Conclusion

A cytological-energy analysis of pleural effusions
with predominance of neutrophils is a useful
method to differentiate between transudative effu-
sions and purulent inflammatory response in the
pleural cavity. In addition, a cytological-energy
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analysis using the KEB values enables to distin-
guish between relatively mild inflammatory
response in purulent pneumonia and more inten-
sive purulent inflammation in patients with chest
empyema. Furthermore, we observed a direct
relationship between the intensity of local immu-
nity response represented by KEB values and the
extent of tissue injury in the pleural cavity repre-
sented by LDH and AST catalytic activities in
pleural effusions. While high KEB values in
transudative effusions were associated with low
LDH and AST catalytic activities, higher cata-
lytic activities of these enzymes were typically
linked to low KEB values in patients with puru-
lent pneumonia. The highest catalytic activities of
LDH and AST were found in patients with chest
empyema, who were characterized by the lowest
KEB values.

The specific is the application of cytological-
energy analysis of pleural effusions of patients
after chest surgery. Low KEB values (usually
under 10.0) are associated with purulent compli-
cations in the pleural cavity. The increase in the
LDH and AST catalytic activities is not exclu-
sively caused by a local immunity response in the
pleural cavity. The tissue destruction during sur-
gical intervention also contributes to this increase.
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