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Predictive Model for the Diagnosis of Tuberculous Pleural Effusion

Denise Duprat Neves!, Ricardo Marques Dias' and Anténio José Ledo A. da Cunha?
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This study developed a predictive model to identify pleural tuberculosis. A consecutive cases study of patients
investigating the cause of pleural effusion, in an area of high prevalence of tuberculosis (Rio de Janeiro, Brazil).
Clinical and laboratory variables were compared among patients with tuberculosis (TB) and without tuberculosis
(NTB), individually and using logistic regression. The performance was described as diagnostic accur acy, compared
to a gold standard in a masked way. We have studied 104 TB patients, 41 with malignant, 29 transudates, 28
parapneumonic, 13 with miscellaneous diseases. After identification of individual discrimination power aided by
clinical, radiological and laboratory variables, the following ones were included in a multivariate analysis: ADA,
total leukocytes, percentile of lymphocytes, protein, lactate dehydrogenase, duration of disease, age and gender. A
logistic regression model to predict pleural tuber culosisincluding thefivefir st variablesshowed the best performance.
A receiver operating characteristic curve identified the best cutoff at 0.7, resulting in a sensitivity and specificity of
more then 95%. The predictive model improved the specificity of ADA alone, keeping its sensitivity. This model
seems helpful when a microbiological or histological diagnosis of pleural tuberculosis could not be established.
External validation of these results is necessary before recommendation for routine application.
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Pleural tuberculosis(TB) incidenceisgenerally related to
thelocal prevalence of diseases. InBrazil were TB haveahigh
prevalence (principally in Rio de Janeiro), thisis the major
cause of pleural effusions, responsible for aimost half of all
diagnosis[1,2].

The gold standard for the tuberculosis diagnosis is the
identification of the bacillus, especially through culture of
mycobacterium, which is time consuming and not sensitive
enough. Culturesare positive only in onethird of pleural fluid
samples and around two third of pleural biopsy specimens
[3,4]. Therefore, the presence of caseating granuloma on
pleural biopsy specimen is accepted as diagnosis. In high
prevalence areas of tubercul osis, the presence of noncaseating
granuloma, associated with other characteristics, is also
acceptable as pleural tuberculosis diagnosis. This procedure
increasesthe sensitivity at the expense of lowering specificity.
The diagnosis of pleural tuberculosis has been greatly
improved by the use of biochemical markers, which arefaster
and can be more sensitive. The pleural fluid activity of
adenosine deaminase (ADA) is one of the best [1,2,5,6-8],
providing reliable basisfor atreatment decision, particularly
in excluding the diagnosis of tuberculosis, due to its high
sensitivity, independent of HIV serologic status[2,9]. Onthe
other hand, the test specificity does not provide enough
precision to confirm the diagnosis, because ADA increases
(false-poditive results) in many other conditionslike: empyema
fluid, rheumatoid disease and lymphoproliferative disorders
[2,5,8,10]. Thus, the association with other clinical and
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laboratorial criteria has been suggested to improve test
accuracy, increasing the specificity [1,2,7,10-12].

Our main purpose was to test the accuracy of clinical and
laboratorial variables, in apredictive model, to the diagnosis
of TB pleural effusion in an area of high prevalence of this
disease.

Materialsand M ethods

Thisisaconsecutive case seriesstudy, including al patients
who entered asingle protocol to investigatethe cause of pleural
effusion, from January 1997 to December 2001, in University
Hospitd Gaffrée& Guinle, Riode Janeiro, Brazil. Patientswithout
ADA measureor no final diagnosiswere excluded.

A diagnosis of TB was made when, at least, one of the
following was present: Mycobacteriumtuberculosisisolated
from pleural fluid or tissue; presence of caseating granuloma
in pleural biopsy or a honcaseating granuloma in pleura
associated with positive smear for acid-fast bacilli or culture
in other specimens, mainly sputum. The control group, without
tuberculosis (NTB), included patients with transudates [13]
and exudates due to malignancy, infection origin, besides
others causes of pleural effusion as defined el sewhere [4].

Patients were interviewed to obtain their clinical history
(duration of disease, symptoms and signs, co-morbidity).
Patient’s chest radiological features were evaluated by a
pulmonologist. The routine analysis of the pleural fluid
included: protein, lactate dehydrogenase, ADA, total and
differential cell count, besides cytological exam.
Histopathol ogical exam was done when indicated.

Laboratorial exams were done by a technician blind to
clinical data and according to current standards. ADA
measurements were done in duplicate, by the method of
Giusti.[14] Within one hour after thoracentesis, the sample,
without anticoagulant, was centrifuged and the supernatant
wasaliquoted and stored at 20°C negative, until the day of the
assay. Thereading was done against controlsfor the reagents,
substrates and sample.
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Variables studied were selected by the following criteria
recognition of some discriminatory power for the differential
diagnosis of the pleural TB and the readiness and reliability
of the collected information.

The best cut off value, for continuous variables, was
selected through receiver operating characteristic (ROC)
curve. Freguencies were compared by the chi-square (x?)
statistic. All p values were two-sided, and statistical
significance was set at 0.05. The ability of each variable to
correctly classify patientsas TB or NTB wasevaluated using
odds ratios and the diagnostic accuracy of each variable was
calculated accordingto standard methods [15] and previous
published [16].

Variables found to be significant were included in a
multivariate analysisthrough logistic regression. Collinearity
was assessed using correlation coefficient. Variables were
eliminated, one by one, in a backwards fashion, after being
tested for interaction. The Hosmer-Lemeshow test was used
to assessthefit of thelogistic regression model. The sensitivity
and specificity values and the area under curve (AUC) ROC
were calculated to evaluate the models' final performance.
Anaysiswas done using computer software: EPI-INFO 2000,
World HealthOrganization, Geneva, Switzerland and MedCalc,
from MedCalc Software, Belgium.

The local ethical committee approved the study and
patients signed a written consent. There were no competing
interests or financial support. Some results from this study
have been previously reported in abstracts form [17].

Results

During recruitment period, 294 patients underwent
thoracentesis; 79 cases were excluded due to inadequate
specimen collection or inappropriate handling for ADA
measurements (45 cases) and no conclusive final diagnosis
(34 cases). Of the 215 remaining patients, 104 constituted the
TB group, with apreval ence of 48%, and 111 the NTB group.
This included: 41 malignancies, with 7 lymphomas and 34
metastasis; 29 transudates; 28 parapneumonic effusions, being
12 simple and 16 complicated (14 empyema), and 13 other
causes (3 secondary to systemic lupus erythematosus, 2
pulmonary embolization, 2 pancreatic disease, and the
following with one case each: hemothorax, chylothorax,
Dresder syndrome, endometriosis, secondary to chronic renal
disease and hepatic disease).

Acidfast staininginpleura fluid wasnegativeinall cases.
Cultureswere positivein lessthen 10%, for pleural fluid, and
58%, for the pleural biopsy specimens; a granuloma was
detected in the pleural tissuein 95% of confirmed TB cases.
The mean age in patients with TB (mean=33.76; SD=13.96
yearsold) wassignificant lower (p<0.0001) thanin NTB group
(mean=49.29; SD=18.01 yearsold). Inthe TB group, 76 were
men and in NTB group 60 patients (p=0.006).

The individual discriminating power of the analyzed
variables is shown in Tablel. Male was significantly more
frequentinthe TB group. Theradiological patternsweresimilar

in the two groups. ADA, cell type, protein and age were of
greater discriminating power for thedifferential diagnosis, with
an areaunder the ROC curve greater than 0.7 (not shown) and
odds ratio more than 5. The lactate dehydrogenase, total
leukocytes and duration of disease had lower discriminating
power, but were capable to differentiating the TB from the
NTB group. Symptoms analysis did not show significant
differences between TB and NTB patients.

Thefollowing variableswere excluded fromthemultivariate
analysis. percentile of polymorphonuclear, because it was
highly correlated with the lymphocytes (r=-0.98); and
radiological featureswhich did not have statistical significance
to discriminate the two groups.

Table 2 showsthe predictive power and asummary of the
variable elimination process based on the significance. The
threeequationsrefer to; model 1—all selected variables; model
2—excluding no significant variables, whichisthe model with
best accuracy; model 3—variableswith best accuracy in both,
bivariate and multivariate, plus supported by the literature.

In Figurel was displayed the ROC curvesand in Figure 2
the dot plot diagram for ADA and the two models expressing
the probability of tuberculous pleural effusion after applying
the equation below with three and five variablesin each case,
respectively:

Y =0.0642* ADA +0.1028* LY MPH +0.6911* PROT +(-14.498),
or

Y= 0.1226* ADA + 0.1088*LYMPH + 2.0962* PROT + (-
0.0519* Duration) + (-0.0010* LEUCO) + (—19.1002), and then,
calculating the probability of tuberculosis by applying:
Probability of TB [p(Y=1)] = 1/(1+exp™).

Discussion

Theidentification of Mycobacterium tuberculosisin any
specimen issufficient for the diagnosis of tuberculosis, but in
pleura tuberculosisthisisnot frequent. Dueto the complexity
of any disease, the presence or absence of a single feature
can rarely determine the correct diagnosis. Hence, we
performed amultivariate analysisincluding all variablesthat
was capable to discriminate TB from NTB pleurisy, in a
bivariate analysis.

The best predictive model of TB pleural effusion
included fivevariables, asfollows: ADA (U/L), lymphocytes
(%), protein (g/dL), duration of disease (days) and white
cell count (cellsfmm?3). This function showed sensitivity
and specificity of more than 95%, considering the cut off
above 0.7 of probability of TB presence. The model that
includes the three first variables may have a similar
performancein clinical practice, with less calculations and
utilization of more steady variables. The performance of
some variables in the model is consistent with the results
of individual analysis in discriminating TB from NTB
described in other studies[1,2,7,10,18,19].

DLH did not proveusefulnessinthe multivariate analysis,
being excluded, despiteitsutility inidentifying parapneumonic
complicationsand in discriminating transudate from exsudate.

www.bjid.com.br



BJID 2007; 11 (February)

Diagnosis of Tuberculous Pleural Effusion

85

Table1. Individua performance of each variablein discriminate of TB fromNTB

. OR Sens Spec
Variable N Cut-off X2(p) 95% ClI Accuracy 95% ClI 95% ClI
S 215  masculine 0.006 231 591 731 459
1343 66-80 3952

XR-locd 215  unilatera 0.140 275 465 9.2 929
0.8-106 92-9 312

XR-side 215 right 0.386 0.75 51.6 570 360
04-14 4964 2943

XR-volume 215 <2/3 0.780 114 50.7 712 315
0621 64-78 25-38

XR-lesion 208 no 0.070 193 5.3 824 2.2
0939 76-83 2335

Age 215  <4b5years 0.000 6.90 712 808 62.2
36-135 74-87 56-68

Duration 211 <45days 0.005 269 578 842 336
1355 7890 28-39

Protein 214 >4.1mg/dL 0.000 7.66 705 856 56.4
38158 7991 50-61

DLH 193  >298U/L 0.001 299 62.2 742 510
1658 67-81 4457

Leukocytes 14 <6000 0.001 10.17 558 979 183
cd/mm? 2.2-652 9399 14-20

Lymphocytes 212 >81% 0.000 1039 726 834 578
49226 82-93 52-62

ADA 215 >39U/L 0.000 9%5.87 838 9%5.2 829
31-310 9098 78-86

N= number of cases, OR= odds ratio, XR= X rays, DLH= lactate dehydrogenase, ADA= adenosine deaminase, AUC ROC=
area under ROC, Sens= sensibility, Spec= specificity. Cutoff value for continuous variable were calculated with ROC curve.

Table 2. Regression coefficients and significance valuesfor three model s used to differentiate TB from NTB pleural effusions

Modd 1* Modd 2* Modd 3*
p Coef p Coef p Coef

Sex 0.865 -0.204

Age 0.776 -0.0077

Duration 0.016 -0.0566 0.0028 -0.0519

Protein 0.001 25618 0.0001 20962 0.0045 0.6911
DLH 0.059 0.0009

Leukocytes 0.001 -00011 0.0002 -0.0010

Lymphocyte 0.002 0.1210 0.0003 0.1088 0.0000 0.1028
ADA 0.000 0.1477 0.0000 0.1226 0.0000 0.0642
Constant 0.0005 -22.4635 0.0000 -19.1002 0.0000 -14498
p value p>0.05 p<0.05

*Mode 1: dl sdected variables; Moded 2: excluding non statisticd significant variables; Modd 3: variables with best accuracy in both bivariate
and multivariate analyses. DLH=lactate dehydrogenase, ADA=adenosine desaminase. p value by Hosmer-Lemeshow test comparing

model 2 and 3 with the first one.

Age hasbeen useful in many predictivemodelsfor pulmonary
TB, especialy in areaswith high prevalence,[2,18,20,21,22]
but was uselessin our final model.

The best accuracy was observed for ADA. Choosing
the cut off point greater than 39 U/L, thisvariable yields a
sensitivity of 95.2% (95%CI 90 to 98) and a specificity of
82.9% (95%CI 78 to 86), which is similar to other reports

[2,5,6,7,8,9,23]. The specificity waseven greater (93%) when
considering the nonempyematic effusions.

The presence of lymphocytic pleural effusion has been
useful inthediagnosisof TB pleurd effusion. Itscombination
with ADA has been evaluated with the purpose of increasing
specificity, probably because it is useful in excluding the
empyema, one of the most frequent causes of ADA's false
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Figure 1. Compare ROC curvefor ADA, model with 3and 5 variables.
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positive[1,5,10,11,23]. In general, thiswasthe variable with
best efficiency after ADA, individually or associated with other
variables.

Protein performed similar to other reports[2,7,9]. Dueto
the scale, the protein’s adjusted OR is greater than ADA and
lymphocytes but its contribution to the diagnosisis smaller.
Itispossiblethat it contributionsis based on the exclusion of
the lymphoma, another cause of ADA false positive.

Duration of disease and total number of leukocytes were
important to discriminate TB from NTB, but only in multiple
logistic regression. The total number of leukocytes was able
to distinguish TB from transudates, with lower cell counts,
and from parapneumonic effusions, with higher cell counts
[4,13]. Duetoitsgreat variability within the same diseasg, its
reproducibility could be poor. Besides, its performance may
be poor in patientswith co-infection with TB and HIV, inwhom
leucocytes countsislower [2,9].

Infectious pleura effusions, like parapneumonic effusions
and tubercul osis, have smaller duration of disease, especially
when compared to neoplasic effusions. However, this
information may not be quite accurate to be consisting in the
models, because it depends on the patient’s perception and
medical interpretation. The beginning of the symptomsisnot
always coincident with the formation of the pleural effusion,
the symptoms may not be valued because they are mild and

therefore neglectful, or they are associated with other
complaints of the baseline disease.

Few authors had studied the diagnosis of TB pleural
effusion using multivariate analysisand the results have some
controversies. Carrion-Valero et al. [ 20] assessed the value of
discriminate analysis asamethod of optimizing thediagnosis
of pleural TB but they did notincluded ADA intheir model. A
clinical score for differential diagnosis between TB and
malignant pleural effusions, with retrospective data, was
evaluated using multivariate analysis and the authors derived
two models, with and without ADA [24]. Ghanel et al. [19]
examined a statistical method by combining the diagnostic
efficiency of ADA, pleura fluid protein, lactate dehydrogenase
and cellular components to the diagnosis of pleural
tuberculosis. Therefore, its seemsto be anew and promising
field of investigation.

Inareasof high prevaence of TB, morethan 50% of pleura
effusion of indeterminate causeis due thisdisease. The model
should be viewed as a rapid and accurate method of
suggesting the diagnosis of TB pleural effusion when other
exams were hegative or not possible to be done. In many of
the confirmed TB cases granulomata were found, and this
underlinestheimportance of pleural biopsiesinthediagnosis
of pleural TB. Sothemode! should not beused asan alternative
to biopsy and culture, but rather as an adjuvant tool for the
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Figure 2. Dot plot diagram for ADA (in A), predicted model
with 3variables(in B) and predicted modd with 5 variables(in
C). Indl are shown the best cut off value and the sensitivity
and specificity considering this point.
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criteria of “probable TB pleural effusion”, optimizing the
utilization of more expensive or invasivetests, allowing earlier
diagnosis and preventing the unnecessary tuberculosis
chemotherapy. The advantage of the predictive model we
developedisthat it included variablesthat arereadily available
from routineinvestigation of pleural effusion.

How the clinician is going to use the results of this study
in practicewill depends on its confirmation in the population
whereit will be applied. Although our and others studies may
haveinternal validity, any predictive model should be tested
and the accuracy of the model should be confirmed
prospectively. Then, the probability of TB for each patient
according to the equation may betransformin ascore, so that
it will be easier to use by clinicians on a routine basis. We
recommend the test with exclusion of empyema pleural
effusion, what may improve the performance of the model
with lesser number of variables.
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