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Diagnostic value of Light’s criteria
and albumin gradient in classifying
the pathophysiology of pleural
effusion formation in cats

Andrea Zoia' and Michele Drigo?

Abstract

The primary aim of this study was to assess whether human Light’s criteria with the cut-off values previously published
for cats are useful and superior to the traditional veterinary classification in diagnosing pathophysiology of fluid
formation in cats with pleural effusion. The secondary aim was to assess if the albumin gradient (ALBQ) is a reliable
criterion for differentiating exudates from transudates in patients with pleural effusion thought to be transudative by
clinical criteria but identified as exudative by Light’s criteria. Nineteen client-owned cats with pleural effusion were
studied. The aetiology of the pleural effusion was used to establish the pathophysiology of its formation. Parameters
measured or calculated undergoing statistical analysis included Light's criteria, total protein and total nucleated
cell count in the pleural effusions, and the ALBg. Based on the pathophysiology of fluid formation there were seven
transudates caused by increased hydrostatic pressure and 12 exudates. There was a significant difference in the
accuracy of the Light’s criteria in correctly classifying the origin of the pleural fluid formation compared with the
traditional veterinary classification (84% vs 53%). ALBg values were significantly different between transudates and
exudates. One of the three transudates misclassified as exudates by Light's criteria was correctly identified as a
transudate by the ALBg. In conclusion, pleural effusion should be classified as either a transudate or an exudate
using Light's criteria. In cats with pleural effusion thought to be transudative by clinical criteria, but identified as

exudative by Light’s criteria, the ALBg may further help in correctly differentiating exudates from transudates.
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Introduction

In human medicine, pleural effusions are classified as
transudates or exudates.! According to Starling’s law,?
transudates are the effusions resulting from decreased
colloid osmotic pressure or increased hydrostatic pres-
sure, while exudates are the effusions derived from an
increase in vascular permeability. In human medicine,
Light's criteria (ie, the concurrent use of pleural fluid lac-
tate dehydrogenase concentration [LDHp], pleural
fluid/serum lactate dehydrogenase ratio [LDHr] and
pleural fluid /serum total protein ratio [TPr]) are consid-
ered the gold standard to classify the pathophysiology of
pleural effusion formation (Table 1).13-¢ When a transu-
date is found, assessing serum total protein or albumin
determines if it occurred secondarily to a decrease in col-
loid osmotic pressure or subsequently to an increase in
hydrostatic pressure. The main limitation of Light’s cri-
teria is the misclassification of a few transudates as

exudates,'4>7 mostly in patients with congestive heart
failure (CHF) after receiving diuretics.”1® In these
patients a serum-effusion albumin gradient (ALBg, ie,
serum albumin concentration minus the effusion albu-
min concentration),#57 should be calculated.

Pleural effusions in animals were initially classified as
transudates or exudates based on pleural effusion: specific
gravity, total protein concentration (TPp) and total nucle-
ated cell count (TNCCp).! As in these two groups these
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Table 1 Light's criteria for the differentiation of pleural effusions in humans (and cats)

Pleural fluid LDHp
Transudate* <200 (=226)
Exudatet >200 (>226)

*Effusions are identified as a transudate if all the conditions are met
tEffusions are identified as an exudate if one or more conditions are met

LDHr TPr

<0.60 (<0.62)
>0.60 (>62)

<0.50 (<0.56)
>0.50 (>0.56)

LDHp = pleural fluid lactate dehydrogenase concentration; LDHr = pleural fluid/serum lactate dehydrogenase ratio; TPr = pleural fluid/serum

total protein ratio

parameters were often overlapping, Perman introduced
the modified transudate.’? This was defined as having a
similar TPp and TNCCp to an exudate but formed second-
arily to an increased hydrostatic pressure.'?13 To the best of
our knowledge there are no studies to support the veteri-
nary classification scheme and the cut-off values proposed
to differentiate transudates, modify transudates and exu-
dates. This results in the questionable adoption of the same
cut-off value for different species (ie, dogs and cats) and
for a different anatomical localisation of the effusion (ie,
pleural and abdominal effusions).™

A recent study of 20 cats demonstrated that Light’s
criteria, with cut-off points for its parameters adapted to
the feline species (Table 1), allowed, as in human medi-
cine,!361516 the discrimination of the pathophysiology
of pleural effusion (ie, transudates vs exudates) with an
accuracy =90%.17 Using the traditional veterinary clas-
sification on the same 20 cats,'>' the overall accuracy in
discriminating the pathophysiological origin of the effu-
sion was only 40%.17

It can be argued that the high performance in discrimi-
nating the pathophysiology of the pleural effusion of
Light’s criteria in the study of Zoia et al may be lower if
applied in a different population of cats because the cut-
off points for the parameters studied were carefully cho-
sen by a receiving operator characteristic (ROC) curve
analysis in a small population of cats.!” Therefore, the pri-
mary aim of this study was to assess if, in a different pop-
ulation of cats with pleural effusion, Light’s criteria with
the cut-off values previously derived (and the aid of
serum total protein for the transudates)!” were still useful
in correctly classifying the pathophysiological mechanism
of pleural fluid formation. In addition, it was also assessed
whether Light’s criteria were superior in the identification
of the pathophysiological mechanism of pleural fluid for-
mation to the traditional veterinary classification scheme.
The secondary aim of the study was to assess if the ALBg
is a reliable criterion for differentiating exudates from
transudates in patients with transudative pleural effu-
sions identified as exudative effusions by Light’s criteria.

Material and methods

Animals

We retrospectively reviewed all consecutive cats that
underwent a diagnostic or therapeutic thoracocentesis at

the Small Animal Hospital of Glasgow University from
January 2005 to December 2007. Inclusion criteria were
the ability to collect at presentation a blood and a pleural
fluid sample within a maximum of a 2 h period from
each other, and the identification of the aetiology of the
pleural effusion. Patients that had been given medica-
tion prior to sample collection, which could have masked
the aetiology of the effusion (eg, corticosteroids or anti-
biotics) were excluded. Cats that received diuretics
before presentation were included in the study.

Diagnostic criteria

For all cats, the diagnosis of the disease causing the pleu-
ral effusion was based on history, physical examination,
complete blood count, serum biochemistry profile, tho-
racic radiographs, pleural fluid cytological examination
and response to treatment. Further tests, such as serum
total thyroxine measurement, feline leukaemia virus and
feline immunodeficiency virus status (Speed Duo FeLV/
FIV; Vetlab Supplies), feline coronavirus antibody titre (by
immunofluorescence, as previously described),!® abdomi-
nal ultrasonography or radiography, pleural fluid culture,
and cytological or histological examination of intra-
thoracic lesions, were performed as clinically indicated.

Previously published criteria were used to classify the
effusions in the following diagnostic groups:'” (1) con-
gestive heart failure, (2) malignant effusion, (3) pyotho-
rax, (4) chylothorax and (5) pleural effusions secondary
to feline infectious peritonitis.

The disease causing the pleural effusion was then used
as the gold standard to establish the pathophysiology of the
pleural fluid formation. Therefore, following the human
classification system, transudates were the effusions sec-
ondary to CHF or decreased serum colloid osmotic pres-
sure; exudates were the effusions secondary to neoplasia,
pyothorax or other diseases directly involving the pleural
surfaces.!> Following the human literature in this study,
chylous effusions were classified as exudates.*!?

Pleural fluid analysis

The pleural effusion collected by means of thoracocentesis
was divided and preserved both in plain and K;-EDTA
tubes. Centrifugation and separation of the serum and the
plain pleural fluid samples were performed within 30 mins
and processed within 24 h of collection. From all pleural
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K;-EDTA tubes an automated cell count and a cytological
examination by a board-certified pathologist were per-
formed. The serum and pleural effusion biochemistry were
measured by validated feline assays employing an auto-
mated wet chemistry analyser (Olympus AU600; Olympus
Diagnostica) at the laboratory of the Small Animal Hospital
of Glasgow University. Parameters measured or calculated
were Light’s criteria (ie, LDHp, LDHr and TPr), TPp,
TNCCp and ALBg). To be able to use the previously calcu-
lated LDH cut-off values in this study, determination of this
enzyme was made using the same reagent kit as used in the
previous study (LDH; Olympus Life Science Research
Europa), which measures lactate dehydrogenase (LDH)
activity with the reaction: Pyruvate + NADH + H* -LDH
L-lactate + NAD™. In both studies the reaction was read at
a wavelength of 340 nm.

Statistical analysis
For the traditional veterinary classification scheme and
for Light’s criteria with the cut-off values previously
derived,'” we evaluated sensitivity, specificity and accu-
racy to classify correctly the pathophysiological mecha-
nism of pleural fluid formation. In accordance with
Perman’s definition, a modified transudate was regarded
as an effusion resulting from an increase in hydrostatic
pressure.'213 Previously published cut-off values were
used for this classification method (Table 2).14 A
McNemar y? test was then used to compare the accuracy
in achieving the correct fluid classification between the
traditional veterinary method and Light’s criteria.

Normal distribution for ALBg was assessed with the
Kolmogorov—-Smirnov test, and the median values were
compared between transudates and exudates using
Mann-Whitney U-tests. An ALBg cut-off value (to max-
imise both sensitivity and specificity) was calculated
using the data from the feline population enrolled in this
study using a receiving operator characteristic (ROC)
curve analysis and then the sensitivity, specificity and
accuracy of this test were calculated.

The statistical significance level was set at 0.05 for all
analyses.

Results

Animals and causes of pleural effusions

During the study, pleural effusion samples from 22 con-
secutive cats were collected; however, three cats with an
uncertain diagnosis of the cause of pleural effusion for-
mation were excluded from the analysis. Causes of pleu-
ral effusions in the remaining 19 cats and values of the
analytes measured and calculated in their pleural effu-
sion and serum are presented in Table 3. Based on the
pathophysiology of pleural effusion formation, there
were no transudates secondary to decreased colloid
osmotic pressure, seven transudates caused by an
increase in hydrostatic pressure (all secondary to CHF)

Table 2 Cut-off values previously published to distinguish
pleural effusion in transudate, modified transudate and
exudate’

Pleural fluid TPp (g/l) TNCCp (ul)
Transudate <25 <1500
Modified transudate 25-75 1000-7000
Exudate >30 >7000

TP = total protein; TNCC = total nucleated cell counts; p = pleural
effusion

and 12 exudates, of which eight were caused by neoplas-
tic diseases, three by chylous effusions and one by a pyo-
thorax. Five of the cats with transudates were male (one
entire and four neutered) and two were female (both
spayed), with an average age of 8.46 = 4.12 years (range
1.00-14.00 years). Those with exudates were six males
(one entire and five neutered) and six females (one entire
and five spayed), with an average age of 10.03 = 5.70
years (range 2.00-17.00 years). There was no significant
difference in age between groups (P = 0.53).

Comparison between the traditional veterinary
classification and Light’s criteria

Using the traditional veterinary classification,!>4 1/7
modified transudates (effusion number 3) was misclassi-
fied as a pure transudate, and two more effusions (num-
bers 4 and 7) were not clearly classifiable because of
discordant information (ie, intermediate characteristic
between a pure transudate and a modified transudate)
deriving from TPp and TNCCp (Table 4). Five of the 12
exudates (effusion numbers 10, 11, 12, 14 and 15) were
incorrectly classified as modified transudates and one
(effusion number 9) was not clearly classifiable because
of discordant information (ie, intermediate characteristic
between a modified transudate and an exudate) derived
from TPp and TNCCp (Table 4).

Using Light’s criteria with the cut-off values previ-
ously derived,!” 3/7 transudates (effusions numbers 3, 6
and 7) were misclassified as exudates. All 12 exudates
were correctly classified (Table 4).

Results for misclassified transudates and exudates, sen-
sitivity, specificity and accuracy of the traditional veteri-
nary classification scheme and of Light's criteria are
reported in Table 5. There was a significant difference in the
accuracy of the Light’s criteria to classify correctly the ori-
gin of the pleural fluid formation compared with the tradi-
tionally veterinary classification (84% vs 53%; P = 0.039).

ALBg

ALBg (median transudates = 15 g/1, range 3-25 g/I;
median exudates = 6.5 g/1, range 2-15 g/1) values were
significantly different between transudates and exu-
dates (P = 0.017). The optimal cut-off value to
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Table 3 Causes of pleural effusions (PEs) in the 19 cats, and values of the analytes measured and calculated in their PE
and serum

*Cats that received diuretics treatment before thoracocentesis

LDH = lactate dehydrogenase; TP = total protein; ALB = albumin; TNCC = total nucleated cell counts; g = gradient; p = pleural effusion;
r = ratio; CHF = congestive heart failure

Table 4 Comparison between Light’s criteria and the traditional veterinary classification in correctly classifying the
pathophysiology of pleural effusion formation in cats

*Animals that received diuretics treatment before thoracocentesis
T HP = increased hydrostatic pressure; ¥ COP = decreased colloid osmotic pressure
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Table 5 Sensitivity, specificity, accuracy, number of misclassified transudate and exudate for Light’s criteria (used in
parallel with an ‘or’ rule), calculated using cut-off values previously published in cats!”

Test Cut-off values Transudates Exudates Sensitivity (%) Specificity (%) Accuracy (%)
for exudates  misclassified misclassified

Traditional classification ~ See Table 2 3/7 (4/9) 6/12 (8/11) 50 (27) 57 (55) 53 (40)

scheme

Light’s criteria See Table 1 3/7 (2/9) 0/12 (0/11) 100 (100) 57 (78) 84 (90)

ALBg (g/l) <14 2/7 (-) 1/12 (-) 92 (-) 71 (=) 84 (-)

For ALBg, the cut-off value was calculated in this study by receiving operator characteristic curve analysis. In parentheses are the values

obtained in the previous study'”
ALBg = albumin gradient

maximise both sensitivity and specificity obtained by
ROC curve analysis for ALBg was <14 g/1 (Figure 1).
Three transudates due to increased hydrostatic pres-
sure caused by CHF were misclassified as exudates by
Light’s criteria (cases 2, 6 and 7; Table 4). Two of these
cats were receiving diuretic treatment (cases 2 and 7;
Table 4), and one of these two cats receiving diuretic
treatment (case 7) was correctly identified as having
transudates by ALBg.

Discussion

The results of the present study show that Light’s crite-
ria, with the cut-off values previously derived,!” are use-
fuland superior to the traditional veterinary classification
scheme to classify correctly the pathophysiological
mechanism of pleural fluid formation in cats. In addi-
tion, the ALBg may be useful in selective cases in the
identification of cats with pleural effusion secondary to
CHEF on diuretic treatment.

As shown in Table 5, the sensitivity, specificity and
accuracy of Light’s criteria to discriminate correctly the
origin of the pleural fluid formation were superior to the
sensitivity, specificity and accuracy of the traditional vet-
erinary classification scheme. Despite this, there was a
decrease in specificity (albeit not statistically significant,
78% vs 57%; P = 0.36, one-tailed Fisher’s exact test) in the
Light’s criteria in the identification of an exudate com-
pared with what was found in the study of Zoia et al,'”
while the sensitivity in correctly classifying an exudate
remained at 100%. This increased misclassification of
transudates is in accordance with what has been described
in the human literature, where, using the cut-off values
originally proposed by Light et al,? several subsequent
studies failed to reproduce the original specificity of these
criteria, misclassifying up to 20-30% of the patients with
a transudative effusion.#67:152021 This happened because,
in our case and in the study by Light et al,? cut-off points
were carefully chosen from a relatively small population
of patients with a method designed to be close to 100%
sensitive in identifying pleural exudates.

ROC plot for ALBg
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Figure 1 Receiving operator characteristic (ROC) plots

of pleural fluid values for albumin gradient (ALBg). The
optimum cut-off level (blue dot) was determined by selecting
test values that provided the greatest sum of sensitivity and
specificity. The optimum cut-off level for ALBg was <14 g/|

Another possible factor that may be responsible for
the decrease in specificity of the Light’s criteria in this
study compared with the previous one, is the higher
number of cats with CHF already on diuretic treatment
before sample collection (5/7 vs 3/9).17 Human medical
studies have highlighted that few transudates exhibit a
LDHp, LDHr and/or TPr that falls into the exudative
range.*>7 Most of these transudates have been associ-
ated with diuretic treatment prior to sample collection,
which leads to the removal of the water component from
the effusion, resulting in relatively higher TPp and
LDHp,1? with a consequent increase in LDHr and TPr.
These effusions may be correctly classified by calculat-
ing the ALBg.!4>7 Following treatment with diuretics,
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the ALBg could be more accurate than Light’s criteria in
classifying a transudate because of the relative increase
of non-albuminaemic protein that originates and accu-
mulates in the pleural space. Alternatively, the mathe-
matics of a gradient may be more representative of the
protein diffusion than a ratio (ie, TPr or LDHr).” Like in
humans,*”1> as well as in cats with pleural effusion, the
ALBg was statistically different between transudates
and exudates, and therefore potentially useful in this
species as a diagnostic marker. In fact, one of the three
misclassified transudates by Light’s criteria in our study
was correctly classified by the ALBg. At the time of the
pleural fluid sampling the cat was under diuretic
treatment.

The results of this study should stimulate further
studies in other animal species to assess if the Light’s cri-
teria are of any value other than in humans and cats with
pleural effusion. A preliminary study would suggest
that in dogs with pleural effusions TPr, LDHr and LDHp
may be useful in classifying the pathophysiology of
pleural effusion formation.??

As with the previous study,” three major limitations
were identified: (1) the small number of cats enrolled,
which may have affected the observed sensitivity, speci-
ficity and accuracy of this study without changing our
major result, that is, Light’s criteria are superior to the
traditional veterinary classification; (2) we did not have
any cats with transudative effusion secondary to a
decrease in colloid osmotic pressure owing to the very
low prevalence of this type of effusion in cats (0.04%, ie,
one cat of the 245 reported in literature with pleural effu-
sion);17%32> and, (3) in cases of chylothorax this classifica-
tion scheme cannot identify the pathophysiology of
pleural fluid formation. In fact, whether or not chylotho-
rax is formed secondarily to an increase in hydrostatic
pressure or secondarily to an increase in permeability of
the lymphatic vessels, it will, owing to its irritative effect
on the pleura, always result in an exudate.?

Conclusions

Based on the results of this study, pleural effusion should
be classified as either a transudate or an exudate using
Light’s criteria which, as previously demonstrated,” in
our opinion are superior to the traditional veterinary
scheme. Importantly, if a transudate is found, further
fluid analysis, including TNCCp and differential, fluid
culture, etc, is not necessary, while measurement of
serum total protein will provide additional information
on the pathogenesis of the effusion. In the case of an exu-
date, cytological analysis of the pleural effusion or other
tests (eg, fluid culture) may help in its aetiological diag-
nosis. Finally, in cats on diuretic therapy with pleural
effusion thought to be transudative by clinical criteria
but identified as exudative by Light’s criteria, ALBg may

further help exudates from

transudates.

in differentiating
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