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CT Findings of Pleural Dissemination
from Lung Cancer*
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Purpose: The purpose of our study was to identify the CT findings that help detect
pleural dissemination from lung cancer and to evaluate the usefulness of selected di-
agnostic criteria.

Materials and Methods: After a computerized database search of 606 patients who
had undergone thoracotomy for primary lung cancer, 23 patients were identified as
having surgically documented pleural dissemination. From the same database, 50 pa-
tients without pleural dissemination during thoracotomy were randomly selected as
controls. Preoperative CT scans and medical records were reviewed retrospectively,
and findings were compared between the two groups.

Results: One or more of three types of pleural thickening (plaque-like, nodular, and
fissural) were identified on CT as the most discriminating finding (sensitivity, 74 %;
specificity, 60 %; p = 0.007). The following findings were also significantly discrimi-
nating (p << 0.05): contiguity of primary tumor with the pleural surface as seen on CT;
adenocarcinoma in cell type; and a peripheral tumor defined as one in which bron-
choscopy revealed no endobronchial lesion. The use of combinations of these findings
in addition to pleural thickening rendered diagnostic criteria more specific at the cost
of the sensitivity.

Conclusion: During preoperative CT evaluation of lung cancer, the recognition of
subtle pleural thickening helps detect pleural dissemination. The likelihood that sub-
tle pleural thickening represents pleural dissemination is increased when a primary
tumor is contiguous with the pleural surface, is an adenocarcinoma, or is peripherally
located.
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Pleural metastasis from lung cancer forewarns a poor surgical resection (1, 2) although extensive resection has
prognosis and it is generally considered incurable by been tried in some cases (3, 5). Preoperative diagnosis of
pleural metastasis from lung cancer is advantageous s-
ince it has been a common cause of unnecessary thora-
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lung cancer is sufficient for thoracentesis, the fluid can
be obtained for cytological examination to determine
operability. In some cases, however, pleural metastasis
is found at the stage of pleural dissemination alone,
without pleural effusion or with only minimal effusion.
CT has been used routinely for the preoperative staging
of lung cancer in recent years, and the characteristic CT
features of metastatic pleural disease showing diffuse
pleural thickening have been described well (8).
However, pleural dissemination has not yet been diag-
nosed on the basis of CT findings; it is thus often detect-
ed at thoracotomy or after pleural effusion has devel-
oped with the progression of pleural involvement (3, 4).

A few reports have suggested that some pleural abnor-
malities were retrospectively found on the CT scans of
patients with pleural dissemination that had been dis-
covered at thoracotomy (5, 9, 10). However, the lack of
control groups in these studies potentially renders their
CT findings less reliable. The pleural abnormalities de-
scribed in these studies may also appear in various pleu-
ritic processes. To ascertain the diagnostic value of CT
findings for detecting pleural dissemination from lung
cancer, a study that compares findings between patients
with and those without pleural dissemination is neces-
sary.

The purpose of our study was to identify the CT find-
ings that help detect pleural dissemination from lung
cancer and to evaluate the usefulness of selected diag-
nostic criteria, in the hope that unnecessary surgery for
lung cancer can be avoided.

Materials and Methods

We performed a computerized database search of 606
patients who underwent thoracotomy for primary lung
cancer at our institution between January 1991 and
April 1998. We identified 23 patients in whom lung can-
cer was unresectable or not curatively resectable be-
cause of unexpected pleural dissemination that had
been unrecognized preoperatively but subsequently dis-
covered at thoracotomy. The study group consisted of
15 men and eight women, ranging in age from 38 to 70
years (mean, 59 years). Surgical records revealed that di-
agnoses of pleural dissemination had been confirmed
pathologically during surgery in all patients of the study
group. Because fluid was absent or insufficient for tho-
racentesis, no patient underwent preoperative cytologi-
cal examination for pleural effusion.

Fifty control patients were randomly selected from

the same database. The control patients were 41 men
and nine women ranging in age from 41 to 84 years
(mean, 60 years). The surgical records of these patients
included no mention of pleural dissemination.
Preoperative CT scans and medical records were retro-
spectively reviewed in both the study group (n = 23)
and the control group (n = 50).

Chest CT was performed as part of the preoperative
staging for lung cancer. Because CT scans obtained out-
side our institution were included, a variety of CT scan-
ners and protocols was used. The scanners included
9800, HiL.ite, HiSpeed Advantage (GE Medical Systems,
Milwaukee, Wis, U.S.A.), Somatom DR, and Somatom
Plus (Siemens, Erlangen, Germany) models. Contiguous
10-mm-thick (n = 30), 10 and 5-mm-thick (n = 33), 8-
mm-thick (n = 7), 7-mm-thick (n = 2), and 5-mm-thick
(n = 1) scans were acquired from lung apices to the a-
drenals. Spiral technique was used in 39 examinations.
All CT examinations except two were contrast-en-
hanced. The images were photographed at window set-
tings appropriate for lung parenchyma and medi-
astinum. In no patient did the time interval between CT
scanning and surgery exceed one month.

To obtain a set of findings for assessment, a board-cer-
tified chest radiologist first reviewed the CT scans of pa-
tients with proven pleural dissemination. All CT scans
of patients with and without pleural dissemination were
randomly mixed together and then reviewed by two
general radiologists who were instructed to assess fol-
lowing findings on each scan. In each case, the two ob-
servers were unaware of whether or not pleural dissem-
ination was found at surgery and reached their conclu-
sions by consensus.

Each CT scan was assessed for the presence of pleural
thickening, the type of which was classified as plaque-
like, nodular, or fissural. Plaque-like thickening was
characterized as a circumscribed area of pleural thick-
ening about 1-4 mm in thickness and less than 4 cm in
length. Special attention was paid to distinguish be-
tween this and the so-called intercostal stripe as suggest-
ed in a previous study (11). Nodular thickening was
characterized as a round or oval area of pleural thicken-
ing about 1-4 mm in diameter. The location of plaque-
like and nodular thickening was classified as costal, me-
diastinal, diaphragmatic, or interlobar. No attempt was
made to differentiate between parietal and visceral
pleural involvement. Fissural thickening was defined as
an interlobar fissure appearing as either a poorly mar-
ginated, broad, hyperattenuating band or a sharply de-
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fined thick line, apart from plaque-like or nodular thick-
ening of the interlobar fissure. Special attention was
paid to distinguish this type of thickening from the nor-
mal interlobar fissure that sometimes appears as a line
or hyperattenuating band (12).

The presence or absence of the following CT findings
was also assessed: contiguity of primary tumor with the
pleural surface, small amount of pleural effusion, pleur-
al retraction by tumor, chestwall invasion by tumor,
and mediastinal adenopathy (greater than 10 mm in
short-axis diameter). The size of a primary tumor was
estimated by calculating the mean of two representative
perpendicular diameters. If a substantial part of the tu-
mor edge was obscured, a representative single diame-
ter was used instead.

Cell type of primary tumors and preoperative bron-
choscopic findings were assessed during the review of
medical records. Cell type was determined by patholog-
ic examination of surgical specimens in 52 patients who
underwent tumor resection. In the remaining 21 pa-
tients who underwent exploratory thoracotomy only,
cell type was determined by the tissue obtained during
sugery (n = 12), by bronchoscopic biopsy (n = 7), or by
percutaneous needle biopsy (n = 2). On the basis of pre-
operative bronchoscopic findings, the location of prima-
ry tumor was classified as either peripheral or central. If
no endobronchial lesion was noted during bron-
choscopy, the tumor was defined as peripheral. The
number of patients with adenocarcinoma and peripher-
al tumor was noted.

The frequencies of individual CT findings, adenocar-
cinoma in cell type, and peripheral tumor determined
on the basis of bronchoscopic findings were compared
between the study and the control group using the chi-
square test. Student’ s t test was used to compare tumor
sizes. A p value less than 0.05 was considered signifi-
cant. After determining which findings were significant-
ly discriminating, the usefulness of various combina-
tions of these findings was evaluated by calculating sen-
sitivity and specificity for the purpose of improving di-
agnostic ability to detect pleural dissemination.

Results

The CT, pathologic, and bronchoscopic findings in
both the study and the control group are summarized in
Table 1. Retrospective review of the CT scans of the 23
patients with pleural dissemination identified subtle
pleural thickenings that had been overlooked or inter-

Fig. 1. A 38-year-old man with pleural dissemination from
adenocarcinoma of the lung. Contrast-enhanced CT scan (10-
mm collimation) shows a primary tumor (large arrow), locat-
ed in the peripheral portion of the right lower lobe, with conti-
guity to the pleural surface. A plague-like thickening of the
pleura (small arrow), about 3 mm in thickness, is identified on
the costal surface. Surgery revealed pleural dissemination that
had been overlooked at preoperative CT examination.

preted as benign at initial CT examination. Of three
types of pleural thickening, plaque-like type was pre-
sent in 12 patients (52 %) (Figs. 1 and 2A). The costal
pleura was involved in 11 patients, the mediastinal
pleura in two, and the interlobar fissure in one. Nodular
type of pleural thickening was present in nine patients
(39 %) (Figs. 2B and 3). The interlobar fissure was in-
volved in six patients, the costal pleura in two, the di-
aphragmatic pleura in two, and the mediastinal pleura
in one. Fissural thickening as a type of pleural thicken-
ing was identified in eight patients (35 %) (Fig. 3). In 17
(74 %) of the 23 patients with pleural dissemination, one
or more of these three types of pleural thickening were
present. The same findings were identified in 20 (40 %)
of the 50 patients without pleural dissemination. This d-
ifference between the study and the control group was
statistically significant (p < 0.05).

Contiguity of primary tumor with the pleural surface
was noted in 19 patients (83 %) of the study group (Fig.
1) and in 27 patients (54 %) of the control group. This d-
ifference was significant (p < 0.05). The frequencies of
other CT findings were not significantly different be-
tween the two groups. In terms of mean size, primary
tumors with pleural dissemination were not significant-
ly larger than those without pleural dissemination (3.9
cmversus 3.6 cm, p = 0.36).

Among the study group, the cell type of primary tu-
mor was adenocarcinoma in 13 patients (57 %), squa-
mous cell carcinoma in seven (30 %), large cell carcino-
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ma in one (4 %), sarcomatoid carcinoma in one (4 %),
and unclassified carcinoma in one (4 %). On the basis of
preoperative bronchoscopic findings, the tumors of 16
patients (70 %) in the study group were classified as pe-
ripheral. The frequencies of both adenocarcinoma and
peripheral tumor were significantly higher in patients
with pleural dissemination than in those without pleur-
al dissemination (p << 0.05).

Pleural thickening on CT regardless of type, contigui-
ty of tumor with the pleura as seen on CT, adenocarci-
noma in cell type, and peripheral tumor based on bron-
choscopy were selected as the set of findings which
were significantly discriminating. On the basis of pleur-
al thickening regarded as the most discriminating find-
ing, 74 % of pleural dissemination could be detected,
but specificity, at 60 %, was relatively low. To improve

Table 1.CT, Pathologic, and Bronchoscopic Findings in Patients with or without Pleural Dissemination at Thoracotomy for Lung
Cancer

Finding _ Wi_th P_Ieural _ With_out_PIeuraI b value
Dissemination (n=23) Dissemination (n=50)

Pleural thickening* 17 (74) 20 (40) 0.007+
Plaque-like 12 (52) 15 (30) 0.068
Nodular 9(39) 9(18) 0.052
Fissural 8(35) 9(18) 0.115

Contiguity of tumor with pleura 19(83) 27 (54) 0.019#

Pleural effusion 5(22) 7(14) 0.407

Pleural retraction by tumor 7(30) 12 (24) 0.561

Chest wall invasion by tumor 1(4) 1(2) 0.568

Mediastinal adenopathy 8(35) 18 (36) 0.920

Size of tumor (meant SD, cm) 39+ 12 3.6+ 1.7 0.364

Adenocarcinoma in cell type 13(57) 16 (32) 0.047#

Peripheral tumor# 16 (70) 20 (40) 0.019#

Note: Data are numbers of patients with finding, except for size of tumor. Numbers in parentheses are percentages. SD = standard devia-
tion.

* Includes patients whose CT scans showed at least one of the three types of pleural thickening below.

+ Defined as a tumor showing no endobronchial lesion on preoperative bronchoscopy.

*» Indicates significant p values

Fig. 2. A 63-year-old woman with pleural dissemination from adenocarcinoma of the lung.

A. Contrast-enhanced CT scan (5-mm collimation) obtained with a mediastinal window shows upper part of a primary tumor
(large arrow) located in the peripheral portion of the right upper lobe. A plaque-like thickening (curved arrow) is identified on the
costal surface of the pleura.

B. A more caudal section (10-mm collimation) obtained with a lung window demonstrates nodular thickenings of the pleura (small
arrows) along the interlobar fissure. Pleural dissemination was not diagnosed at initial interpretation of CT but it was found at tho-
racotomy.
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Table 2. Usefulness of Various Diagnostic Criteria for Detecting Pleural Dissemination from Lung Cancer

Diagnostic Criteria Sensitivity (%) Specificity (%)
Pleural thickening* 74 60
Pleural thickening* with one or more of CP, ADC, or PT 74 68
Pleural thickening* with two or more of CP, ADC, or PT 65 88
Pleural thickening* with all of CP, ADC, and PT 26 96

Note: CP = contiguity of primary tumor with the pleural surface as seen on CT, ADC = adenocarcinoma in cell type,
PT = peripheral tumor defined as one in which bronchoscopy revealed no endobronchial lesion.
*Indicates one or more of three types (plaque-like, nodular, or fissural) of pleural thickening on CT.

L4

Fig. 3. A57-year-old man with pleural dissemination from
adenocarcinoma (not shown) in the peripheral portion of the
left lower lobe. CT scan (10-mm collimation) obtained
through the carina using a lung window setting shows a poor-
ly marginated band indicating fissural thickening (large ar-
rows). Small nodular thickenings of the pleura (small arrows)
are noted along the interlobar fissure. These lesions were not
attributed to pleural dissemination at preoperative CT exami-
nation. However, surgery revealed pleural dissemination.

specificity, combinations of the remaining three find-
ings in addition to pleural thickening were used as diag-
nostic criteria (Table 2). When pleural thickening was
combined with at least one of the remaining three find-
ings, specificity (68 %) was improved a little at no cost of
sensitivity (74 %). When pleural thickening was com-
bined with either at least two or all of the three findings,
high specificity was obtained (88 % and 96 %, respec-
tively) at the cost of sensitivity (65 % and 26 %, respec-
tively).

Discussion

In our study, unexpected pleural dissemination was p-
resent in 23 (3.8 %) of 606 patients who had undergone
thoracotomy for lung cancer. This prevalence compares
well with the results of 3.3 % and 5.7 %, observed by
Shimizu et al. (3) and Ishida et al. (4), respectively.

Overall, pleural dissemination was the most common
cause of unexpected unresectability and T4 disease at
our institution and according to the results of Ishida et
al. (4). Prospective detection of pleural dissemination on
a noninvasive preoperative examination such as CT
would therefore be very useful.

In retrospect, we found that 74 % of patients with
pleural dissemination had at least one of the three types
of subtle pleural thickening that had been overlooked or
interpreted as benign at initial CT examination. No pa-
tient in the study group had sufficient pleural effusion
for thoracentesis or remarkable thickening of the pleura
on CT. Because no method for the staging of lung can-
cer, except surgical exploration, was able to detect
pleural dissemination preoperatively, we presumed that
they had pleural metastases of early stage. Thus, the
sensitivity of CT for detecting pleural metastasis of early
stage (i.e. pleural dissemination) is estimated at 74%
when using pleural thickening as diagnostic criteria.
The specificity of 60 %, however, remains poor.

We do not believe that the above-mentioned pleural
thickening is specific for pleural dissemination from
lung cancer. Tuberculosis, asbestosis, and various other
pleuritic processes can manifest as the above-mentioned
pleural thickening, but there are no radiological criteria
that reliably distinguish benign pleural disease from ma-
lignant. Even if subtle pleural thickening is prospective-
ly detected, there is a problem of false-positive diagno-
sis. The results of this study suggest that a diagnosis of
pleural dissemination can be made more specific and
more reliable if other discriminating findings (contiguity
with the pleural surface, adenocarcinoma in cell type,
and peripheral location of primary tumor) are noted in
addition to pleural thickening.

When the above diagnostic criteria suggest pleural dis-
semination, we believe that video-assisted thoracoscopy
(VAT), performed prior to thoracotomy, may serve as a
less invasive procedure to make a definite diagnosis.
VAT allows visualization of the pleural surface, pro-
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vides access for surgical manipulation including pleural
biopsy, and obviates the attendant morbidity and poten-
tial mortality of an exploratory thoracotomy (13).

Our results are generally in agreement with those of
Lee etal (9) who reported that 79 % of patients with
pleural dissemination had at least one pleural abnormal-
ity on CT. In that series of 19 patients, pleural thicken-
ing was noted in 11 patients, pleural irregularity in 10,
and pleural nodules in 12. The results differ in some re-
spects, especially in that they did not consider diffuse
thickening of the interlobar fissure as a pleural abnor-
mality. With regard to the pleural thickening and irregu-
larity described in that study, we think that both find-
ings correspond to plaque-like thickening of the pleura
described in our study. Murayama et al. (10) reported a
somewhat lower prevalence (52 %) of pleural abnormal-
ities including thick major fissures or pleural nodules. A
study by Akaogi et al. (5) found small pleural nodules in
38 % of 21 patients, a result that matched the 39%
prevalence of nodular thickening of the pleura seenin
our study. Our relatively high frequency of findings
such as contiguity of primary tumor with the pleural
surface, adenocarcinoma in cell type, and peripheral lo-
cation of primary tumor is also in accordance with the
results of previously reported series (5, 9, 10).

Our study has several limitations. First, the imaging
protocol was not standardized. Because our study in-
cluded numerous CT scans obtained prior to referral to
our institution, a variety of CT scanners and protocols
were used. Although technical consideration is not pos-
sible in our study, narrow collimation would be expect-
ed to improve the visibility of subtle pleural thickening
by reducing partial volume averaging. A second limita-
tion is that we could not perform precise one-to-one cor-
relation between the pathologic and CT findings of
pleural thickenings because our study was retrospec-
tive. A prospective study is needed to determine
whether the pleural thickening described in our study
really represents pleural metastases and whether the
unnecessary thoracotomy rate can be reduced actually
by using the above-mentioned diagnostic criteria in

combination with VAT.

In conclusion, we believe that the recognition of sub-
tle pleural lesions such as plaque-like, nodular, or fissur-
al thickening is helpful for detecting pleural dissemina-
tion during the preoperative CT evaluation of lung can-
cer. Pleural dissemination can be suggested more reli-
ably when other discriminating findings (contiguity
with the pleural surface, adenocarcinoma in cell type,
or peripheral location of primary tumor) are present in
addition to pleural thickening.
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