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CT in differential diagnosis of benign
and malignant pleural disease

U. Yilmazl, G. Polatl, N. Sahin1, O. Soy?, U. Gulayl

ABSTRACT: CT in differential diagnosis of benign and
malignant pleural dissase. U. Yilmaz, G. Palat, N. Sahin, O. Soy,
U. Gulay.

Background. CT playsavaluablerolein assessment of
patients with a wide variety of diseases of the pleura, and
pulmonologists should be awar e of the significance of dif-
ferent CT findings for the differential diagnosis of benign
and malignant pleural diseases.

Methods. 155 patients with pleural disease who had
undergone CT scans of the lungs and thorax before treat-
ment wer e enrolled. Weretrospectively reviewed CT find-
ingsin 146 patients with proven pleural disease.

Results. Fifty-nine of the cases were malignant, 87 of
them had benign pleural diseases. CT findings that were
helpful in distinguishing malignant from benign pleural dis-
ease were: 1) pleural nodularity; 2) rind; 3) mediastinal

pleural involvement; and 4) pleural thickening greater than
1 cm. The senstivities and specificities were 37%/97%,
22%/97%), 31%/85%, 35%/87%, respectively. CT findings
differentiating malignant pleural mesothelioma from
metastatic pleural disease wereidentified. Findings for ma-
lignant mesothelioma wer e as follows: 1) involvement of in-
terlobar fissure (sensitivity 30%, specificity 92%), 2) pleur-
al thickening greater than 1 cm (sensitivity 60%, specificity
77%). Whereas, findings for metastatic pleural disease
were mediastinal/hilar lymph node enlargement and lung
parenchymal involvement (P<.05).

Conclusion. CT is helpful in the differential diagnosis
of pleural diseases, particularly in differentiating malig-
nant from benign conditions and metastatic pleural dis-
ease from malignant mesothelioma.
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Introduction

Pleural diseases can be due to primary disor-
ders of the mesothelia tissue, disorders of the un-
derlying lung parenchyma, or a disease of extra
thoracic origin. Malignant pleural mesothelioma
(MPM), metastatic pleural disesase (MPD),
empyema and tuberculous pleurisy are the most
common pleural disordersin Turkey. Convention-
al chest radiography is used for the first evaluation
of pleural diseases. Pleural effusion often remains
a problem after the biochemical, bacteriologic and
cyto-histological analysis of the pleural tissue and
fluid. In these cases, CT plays a valuable role in
the assessment of patients with a wide variety of
disease of the pleura[1-3]. The most important in-
dication for the use of CT isto evaluate abnormal-
ities either seen or suspected on routine chest radi-
ographs to establish the precise |ocation and extent
of disease especially prior to diagnostic or thera-
peutic procedures. But, an overlapping of the CT
manifestations of the various benign and malig-
nant pleural diseases would be expected. There are
a few studies with respect to the radiological dif-
ferential diagnosis of diffuse pleural disease[4, 5].

The aim of this study was to determine the CT
features of pleural diseases by retrospective analy-
siswhich help in predicting etiology.

M ethods

Between February 1995 and March 2001, 620
patients with pleural disease were admitted to the
Izmir Chest Disease and Surgery Training and Re-
search Hospital, Department. Among the 620 pa-
tients, 155 patients who had undergone CT scans
of the lungs and thorax before treatment were en-
rolled in our study. Of these, 146 were evaluated
(95 femae and 51 male). Nine patients without a
definite diagnosis were not evaluated. Sixty
(41.1%) patients were diagnosed with tuberculous
pleurisy, 36 (24.7%) as MPD, 25 (17.1%) as
empyema, 20 (13.7%) as MPM, 3 (2.1%) as lym-
phoma and 2 (1.4%) as fibrothorax. The mean age
+ SD of the patients was 50.5 years + 1.4.

Patients were classified into various diagnostic
groups based on the following explicit criteria
1-Malignant pleural mesothelioma; Definite diag-
nosis of MPM on the histological examination of
pleural tissue specimens obtained by percutaneus
closed biopsy of the pleura. 2-Metastatic pleural
disease; Definite positive cytologic or histologic di-
agnosis of metastasis of the pleural space. 3-Tuber-
culous pleurisy; Necrotising or caseating granulo-
mas on pleural biopsy and/or demonstration of
acid-fast bacilli in pleura fluid or tissue cultures.
4-Empyema; Turbid fluid (pus) in the pleura
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space. 5-Fibrothorax; A history of an old injury or
infection and dense layer of fibrous tissue over the
pleural space. 6-Lymphoma; A diagnosis of lym-
phoma and no history of other systemic disorders,
including infection, lymphocyte-predominant exu-
date in pleura fluid.

The patients were imaged on one of three scan-
ners: Toshiba TCT 600 XT, Philips tomoscan AV
or Hitachi scanner-pratico. Slice thickness was
10 mm, and the patients were scanned at 10 mm
intervals following the intravenous administration
of 100 ml, nonionic contrast material. Scans were
obtained from lung apicesto the level of the adren-
als. In some cases, it was necessary to use Cross-
sections of 2-5 mm thickness for more a detailed
examination. All of the sections were taken in
supine position. All scans were photographed at
window settings appropriate for lung parenchyma
(window level, -800 to 900 Hounsfield units [HU];
width, 800 to 1000 HU) and mediastinum (win-
dow level, 0 to 25 HU; width, 350 to 400 HU).

The scans were assessed for the presence of
pleural effusion, type of pleural thickening, in-
volvement of interlobar fissure. The other evaluat-
ed pleural lesions were as follows: loss of volume
in the involved hemithorax, unilateral or bilatera
involvement, parietal pleural thickening greater
than 1cm, pleura plague or calcification, involve-
ment of mediastinal and visceral pleura, contralat-
eral mediastina shift (CMYS), and lung parenchy-
mal involvement (such as nodule, multiple nod-
ules, cavitary infiltration, primary tumour or con-
solidation, fibrosis), mediastinal/hilar lymph node
enlargement (LAP), chest wall involvement.

The following criteria were used as CT defini-
tion of the pleural lesions[6, 7]: 1-Regular pleural
thickening was defined as a pleural thickness with
smooth contour >3 mm. 2-Pleural nodularity was
defined any degree of pleural thickening on which
there were focal, irregular pleural thickenings <4
cm. 3-Focal pleural masswas defined as an area of
pleura-based soft tissue tumour in which the pleur-
al thickness was >4 cm. 4-Pleural rind was defined
as a pleura thickening which envelops the entire
hemithorax including the mediastinal reflection.

Involvement of the interlobar fissures (11F)
was defined as a thickening of the pleural surface
of the interlobar fissure. Mediastina pleura in-
volvement was defined as pleural thickening bor-
dering mediastinum. Hyaline pleural plague was
defined as a focal increase in soft-tissue density
along pleura, which was well demarcated and

clearly separated from the lung. Mediastinal
lymph nodes were considered pathologicaly en-
larged if they were greater than 10 mm in short-ax-
is diameter in the transverse plane.

The method of study was retrospective. The
CT scans were interpreted by a panel of two chest
physicians and one radiologist who did not know
the clinical and pathological diagnosis. A conclu-
sion was reached by consensus.

Statistical analyses was performed using SPSS
statistical software. Four groups were formed from
patients in accordance with their pleural disease:
(1) patients with benign pleural disease (tubercu-
lous pleurisy plus empyema plus fibrothorax) (2)
patients with malignant pleural disease (MPM plus
MPD plus lymphoma) (3) patients with MPM (4)
patients with MPD (included lymphoma). The
comparison between patient groups (group 1 vs
group 2, and group 3 vs group 4) was performed
by using univariate analysis. In univariate analysis
X2 and Fisher’s Exact test were used. A two-sided
test was used at 0.05 level significance. The para-
meters which had P values <0.05 in univariate
analysis were also analysed according to sensitivi-
ty and specificity values.

Sensitivity and specificity values were calcu-
lated with sensitivity (TP/[TP+FN] x 100) and
specificity (TN/[TN+FP] x100). TP means the
number of true positive diagnosis, TN means
the number of true negative diagnosis, FP means
the number of false positive diagnosis, FN means
the number of false negative diagnosis.

Results

Table 1 shows the configurations of pleural
thickenings and table 2 shows the distribution of
CT findings among all disease groups. Table 3
shows the CT findings most suggestive of amalig-
nant etiology (fig. 1, 2). But, regular pleural thick-
enings were more frequently observed in benign
pleural disease (P=.001). Regular pleura thicken-
ing was suggestive of benign cause, with a sensi-
tivity of 48% and a spesificity of 86%. Sensitivity
and specificity values of CT findingsthat were sug-
gestive of malignant cause were noted in table 4.

CT findings most suggestive of MPM were
pleural thickening >1 cm, pleural plague, IIF
(P=0.05). CT findings most suggestive of MPD
were also mediastinal/hilar lymph node enlarge-
ment, and parenchymal involvement (table 5). All
of these findings were statistically significant

Table 1. - Configurations of the pleural thickenings among all disease groups

MPM MPD Lymphoma B Empyema FT
(No = 20) (No = 36) (No=3) (No = 60) (No = 25) (No=2)
Rind 7 (35%) 6 (16.7%) 0 2(3.3%) 1 (4%) 0
Nodularity 10 (50%) 12 (33.3%) 0 3 (5%) 0 0
Regular 1 (5%) 4 (11%) 3 (100%) 23 (38%) 17 (68%) 2 (100%)
Thickening size>1 cm 12 (60%) 9 (25%) 0 5 (8.3%) 4 (16%) 2 (100%)

MPM; Malignant pleural mesothelioma, MPD; Metastatic pleural disease, TB; Tuberculous pleurisy, FT; Fibrothorax.
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Table 2. - Distribution of CT findings among all disease groups

MPM MPD Lymphoma B Empyema  Fibrothorax

(No = 20) (No = 36) (No=3) (No = 60) (No=25) (No=2)
Effusion 20 (100%) 36 (100%) 3 (100%) 60 (100%) 25(100%) O
Plaque 3 (15%) 0 0 3 (5%) 0 2 (100%)
Calcification 2 (10%) 2 (5.6%) 0 7 (11.7%) 1 (4%) 2 (100%)
MPI 8 (40%) 9 (25%) 1(33.3%) 7 (11.7%) 3 (12%) 0
VPI 7(35%) 12 (33.3%) 2 (66.7%) 9 (15%) 12 (48%) 1 (50%)
CwiI 2 (10%) 0 0 0 0 0
IF 6 (30%) 2 (5.6%) 1(33.3%) 4 (6.7%) 2 (8%) 0
M/H LAP 2(10%) 16 (44.4%) 3 (100%) 10 (16.7%) 2 (8%) 0
CMS 1 (5%) 7 (19.4%) 0 14 (23.3%) 1 (4%) 0
Pl 0 18 (50%) 0 16 (26.7%) 11 (44%) 0
Loss of volume 8 (40%) 8 (22.2%) 0 6 (10%) 4 (16%) 2 (100%)
Bilateral 4 (20%) 14 (38.9%) 2 (66.7%) 9 (15%) 1 (4%) 0

MPM; Malignant pleural mesothelioma, MPD; Metastatic pleural disease, TB; Tuberculous pleurisy, MPI; Mediastina pleural
involvement, VPI; Involvement of visceral pleura, CWI; Chest wall involvement, I1F; involvement of interlobar fissure, Pl;
Parenchymal involvement, CMS; Contralateral mediastinal shift, M/H LAP; Mediastinal/hilar lymph node enlargement.

Table 3. - The statistically significant CT findings in differentiation of malignant from

benign pleural disease

Malignant Pleural Disease ~ Benign Pleural Disease P value
(No =59) (No=87)

Bilateral involvement 20 10 .002
Pleural rind 13 3 .01

Pleural nodularity 22 3 .000
Regular thickening 8 42 .001
Pleural thickening >1 cm 21 11 .002
MPI 18 10 011
M/H LAP 21 12 .003

MPI; Mediastinal pleural involvement, M/H LAP; Mediastina/hilar lymph node enlargement.

(P<0.05, x2 test). The parameters assessed as sta-
tistically significant findings in univariate analysis
were not analysed in terms of sensitivity and speci-
ficity in differentiation of MPM than MPD except
pleura thickening >1cm, I1F and mediastinal/hilar
lymph node enlargement. Consequently, parenchy-
mal involvement was detected only in MPD, pleur-
a plague only in MPM. The presence of |IF and

vasion of ascending aorta (curved arrow) in left hemithorax of a case
with MPM.

parenchymal involvement (P=1.00) between ma-
lignant and benign pleural disease. Chest wall in-
vasion detected in only 2 cases of MPM (table 2).
All CT features except chest wall invasion used in
this study were detected in tuberculous pleurisy
cases (table 2), (fig. 3).

All cases of empyema were seen as around or
lenticular fluid collection seperating slightly thick-

lymph node enlargement (curved arrow) in a case of lymphomadiag-
nosed by mediastinoscopy and cytological examination.

pleura thickening >1 cm
was suggestive of MPM,
with a sensitivity of 30%,
60% and a specificity of
92%, 77%, respectively.
The presence of mediasti-
nal/hilar lymph node en-
largement was suggestive
of MPD, with sensitivity
of 49% and a specificity
of 90%.

There were no signif-
icant differences of pleur-
al calcification (P=0.40),
involvement of interlobar
fissure (P=0.163) and
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Table 4. - Sensitivity and specificity of CT findings
obtained by univariate analysis for the differentiation
of malignant than benign pleural disease

Sensitivity (%) Specificity (%)

Pleural nodularity 37 97
Pleural rind 22 97
Regular thickening 48 86
Pleural thickening >1 cm 35 87
MPI 31 89
M/H LAP 34 86
Bilateral involvement 34 89

MPI; Mediagtind pleurd involvement, M/H LAP; Mediastina/
hilar lymph node enlargement.

Table 5. - The statistically significant CT findings in differentiation of MPM from MPD

fusion, thickening and calcification. Pleural effu-
sion can be the only finding with normal-appear-
ing pleura. But, the absence of pleural thickening
does not preclude a neoplastic diagnosis [4, 8]. In
our study, pleural effusion was the sole manifesta-
tion in 16 of 59 patients with malignant pleural
disease.

Pleural nodularity represented a sensitivity of
37% and a specificity of 97% for malignancy in
present study. Several studies have demonstrated
that pleural nodularity was useful in differentiating
between malignant and benign pleura diseases
with 38-54% sensitivity and 94-96% specificity
but also reported that 1t was not enough to exclude
malignancy if nodularity did not exist [4, 9-11].
Hierholzer, et al [5] also detected nodularity in 13
of 27 malignant cases, 2 of 15 benign cases. We
found pleural nodularity
in 3 (5%) cases of tuber-
culous pleurisy. Aquino,

et al [12] stated that 23%

MPM (n = 20) MPD (n = 39) P value .
of cases with lymphoma
Pleural plague 3 = 035 and effusion had parietal
Pleural thickening >1 cm 12 9 .009 pleural disease (thicken-
IF 6 3 05 ing or nodules). We did
M/H LAP 2 19 004 not observe pleural nodu-
=1 ] 18 000 larity in our cases with

lymphoma.

ened visceral and parietal pleural surfaces. In 24
cases of empyema, involvement was unilateral,
only in one case it was hilateral (table 1, fig. 4).

Discussion

This study suggests that pleural nodularity,
rind, bilateral pleural involvement, mediastinal
pleural involvement, hilar and/or mediastinal LAP
can be helpful in differentiating malignant and be-
nign pleural diseases.

Pleural response in various diseases includes
three radiologically detectable manifestations: ef-

Fig. 3. - Minima pleural effusion, thickening and rind formation (ar-
row), loss of volume in right hemithorax of a case with tuberculous
pleurisy diagnosed by closed pleural biopsy with ultrasonography guide.
Radiological improvement was achieved after treatment in this case.

Pl; Parenchymal involvement, M/H LAP; Mediastina/hilar lymph node enlargement, I1FI; Interlober
fissure involvement, MPM; Malignant pleural mesothelioma, MPD; Metastatic pleural disease.

Pleural rind was de-
tected in 13 of 59 patients
with malignant pleural
disease (figure 1) as com-
pared to only 3 of 87 benign cases (figure 3). In the
other studies pleural rind was detected in 30-39%
of the malignant cases, and in none of the benign
cases [4, 5]. Malignant pleural disease tendsto in-
volve the entire of pleura surface, whereas reac-
tive pleurisy usually does not affect the mediasti-
nal pleura except tuberculous empyema (13). Due
to the involvement of mediastinal pleurathereisa
suggested link to malignancy as demonstrated in
our study [4, 5]. However, thisfinding was also de-
tected in 7 cases of tuberculous pleurisy and 3 cas-
es of empyemain our study. Parietal pleural thick-
ening greater than 1 cm was considered as a CT

Fig. 4. - Loculated pleural effusion in lenticular form (black arrow)
and middle lobe consolidation with air-bronchogram (white arrow) in
case of pneumonia and empyema.
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feature for malignant pleural disease in the litera-
ture [4, 9, 13]. However, it was also reported that
this feature was not important in the differantial di-
agnosis [5]. In our study, this feature was an im-
portant finding suggestive of malignant pleural
disease.

Several studies found that the presence of
pleural calcification was suggestive of benign
cause with low sensitivity and high specificity [4,
5]. But in our study, calcification was present in
10% of benign cases, 6.8% of malignant cases
(p>0.05). ‘Calcified pleural plaques were fre-
guently seen in the patients with asbestos-related
advanced benign pleural disease [9]. The different
result of our study in contrast to the two studies
mentioned above may be explained by the fact
that we did not include the patients with benign
asbestos pleural effusion. Bilateral pleural in-
volvement was a more common finding in malig-
nant pleural diseases than benign, especialy in
cases of lymphoma and metastatic pleural disease.
Leung, et al [4] reported that bilateral pleural in-
volvement was not useful in differentiating malig-
nant from benign pleural diseases in contrast to
our study. This could be explained by the exis-
tence of tuberculous pleurisy cases which was
unilateral in ahigh number in contrast to the study
of Leung, et al which did not include tuberculous
pleurisy.

MPM is a rare neoplasm but, pleural metas-
tases are the most common pleural neoplasm. In
spite of all diagnostic studies, the differantial diag-
nosis can remain problematic. Leung, et al [4] re-
ported that, CT was not helpful in differentiation
of MPM and MPD. In the present study, the CT
findings suggestive of MPM were pleural plague,
involvement of interlobar fissure (P=.05), pleural
thickening greater than 1lcm, whereas findings
suggestive of MPD were lung parenchymal
changes, contralateral mediastinal shift and medi-
astinal and/or hilar LAP.

Pleural plaque was detected only in cases of
MPM among al malignant cases in our study.
Pleural plague was found in 15-27% of cases with
MPM and 3-12.5% of cases with metastatic dis-
ease as cited in the literature [4, 9]. Involvement of
interlobar fissure appears as a thickening and/or
nodularity. These findings look like thickening
seen on other pleural surfaces[14]. Involvement of
interlobar fissure was seen in 30% of cases with
MPM, 5.6% of MPD. In the our other study, inter-
lobar fissure involvement was detected in 54% of
cases with MPM [6]. In the study of Leung, et al
[4], interlobar fissure involvement was observed in
63.6% of cases with MPM, 45.8% of cases with
MPD. Pleural thickening greater than 1cm was
seen in 70-94% of the cases MPM [6, 15]. Met-
intas et al reported that this feature had importance
for differentiation of MPM from MPD with a sen-
sitivity 59% and a specificity 82% in multivariate
analysis[9].

In our study, lung parenchymal involvement
was present in 50% of cases with MPD. We found
only compressive changes in patients with MPM.
Because it was a relatively non-specific finding,

we did not evaluate as parenchymal involvement.
However, in the study of Leung, et al [4], involve-
ment of the lung parenchyma was present in 8 of
the 11 cases of MPM and 21 of the 24 cases of
MPD.

Mediastinal and/or hilar lymphadenopathy was
identified in al cases of lymphoma, 44.4% of
metastatic pleura disease and only 10% of MPM
and it was helpful in differentiating MPD from
MPM. Correlating the CT findings with the surgi-
cal findings has shown that it caused an underesti-
mation of mediastinal nodal involvement by tu-
mour [16]. As aresult this conclusion should have
limited value. Adams, et al [17] suggested that the
presence of hilar LAP may be helpful in differen-
tiating metastases from MPM. Leung, et al [4]
identified hilar LAP in only 2 of the 39 malignant
cases and suggested that, CT findings of MPM and
MPD are similar and could not be used in the dif-
ferentiation confidently.

Invasion of chest wall is suggestive of malig-
nancy but have a low sensitivity. In our study, it
was present in only 2 cases of MPM. It was not
helpful in the differentiation of pleural diseases. In
the studies of Leung, et al [4] and Rusch, et al
[18], it was stated that chest wall invasion was not
helpful in the differentiation of MPM from other
pleural malignities.

Typical CT finding for empyema are being
shape of lenticular form and impression on
bronchial and pulmonary arteries by pushing
parenchyma [19]. In our study, pleural thickening
was not helpful for differentiation of empyema
from other pleural diseases. Extrapleural subcostal
tissue was not evaluated in the present study. This
is alimitation of our study. Aquino, et al [10] de-
tected pleural thickeningsin all cases of empyema.
Waite, et al [20] also reported that CT can not be
helpful to differentiate empyema from other pleur-
al diseases.

Magnetic resonance imaging, athough not
commonly performed, can occasionally be useful
in differentiating benign from malignant pleural
disease [21]. The use of Positron Emission To-
mography (PET) is still being evaluated in patients
with suspected malignant pleural effusions; it ap-
pears to be more useful in patients with a focal or
genarilised pleural thickening. PET discriminates
poorly between infective and malignant causes,
and low-grade malignancy, as in patients with fi-
brous mesothelioma and small volume diseasg, is
difficult to identify [22, 23].

The results of this study are subject to bias.
The retrospective selection of patients results in-
herently in selection bias. Despite the inherent
shortcomings of a retrospective study design, the
present study demonstrated that ‘pleural nodulari-
ty’, ‘pleural rind’ each are CT features for differ-
entiation of malignant from benign pleural disease
with very high specifities. The CT findings sug-
gestive of MPM are pleural plaques, involvement
of interlobar fissure, pleural thickening >1 cm
whereas lung parenchymal involvement, and hilar
and/or mediastinal LAP suggest metastatic pleural
disease.
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