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A B S T R A C T

Purpose: To develop and assess a non-invasive two-step method for evaluating the relationship between the
parietal pleura and peripheral pulmonary lesions to preoperatively exclude invasion or focal pleural adhesion by
multidetector computed tomography (CT).
Methods: Twenty-six patients with pulmonary peripheral lesions who underwent surgical lung resection between
May and December 2017 were enrolled in this study. Routine CT was performed in the inspiratory phase in the
supine position. Additional CT examinations were performed both in inspiratory and expiratory phases in the
affected-side-up lateral position. Axial, sagittal, and coronal images were reconstructed from the CT data. In the
first-step analysis, we evaluated the separation between the chest wall and subpleural lung lesions (separation)
by comparing inspiratory- and expiratory-phase images obtained in the affected-side-up lateral position. When
the separation was absent, we performed a second-step analysis, where we compared images obtained in the
supine position during routine CT with those obtained in the affected-side-up lateral position and subsequently
assessed the presence and absence of the separation.
Results: In the first-step analysis, the separation was observed in 21 lesions, which were categorised as showing
“no invasion” or “no focal adhesion” on the basis of histological findings. After the second-step analysis, the
separation was absent in three lesions and present in two; the latter two lesions were categorised as showing “no
invasion” or “no focal adhesion” on the basis of operative and histological findings. Of the three lesions that did
not exhibit the separation in either step of the analysis, two were diagnosed as exhibiting parietal pleural in-
vasion on the basis of histological findings, while the third was categorised as showing “no invasion” or “no focal
adhesion” on the basis of operative and histological findings. The sensitivity, specificity, positive and negative
predictive values, and accuracy of this two-step method were 96% (95% confidence interval [CI]: 79–100%),
100% (95% CI: 16–100%), 100%, 67% (95% CI: 23–93%), and 96% (95% CI: 80–100%), respectively.
Conclusions: Our two-step method is especially useful for excluding the parietal pleural involvement of per-
ipheral pulmonary lesions. Even when the separation between the chest wall and subpleural lung lesions was
limited, the change in position was useful for observing the separation and excluding parietal pleural involve-
ment. This novel two-step method also has the advantage of being simple, cost-effective, and universally
available.
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1. Introduction

Many imaging modalities, including computed tomography (CT),
magnetic resonance imaging (MRI), and positron emission tomography
with 2-deoxy-2-fluoro-D-glucose, are often used for staging lung cancer,
estimating cranial metastasis, and evaluating lymphatic and distant
metastases. However, CT is the most reliable imaging modality for as-
sessment of local invasion of peripheral lung cancer in typical clinical
settings. The presence or absence of parietal pleural invasion not only
alters the T-stage classification of a tumour but also influences surgical
planning; en block resection is recommended for pl3 (pleural invasion
into any component of the parietal pleura or chest wall) lung cancer
involving the chest wall [1–4]. Therefore, accurate estimation of the
relationship between the parietal pleura and subpleural lung lesions is
essential before starting therapy.

Unfortunately, existing preoperative examinations cannot reveal
whether or not a pleural invasion or adhesion is present unless the
chest-wall invasion is obvious. Although many investigators have re-
ported on the preoperative evaluation of parietal pleural invasion of
peripheral lung cancer [5–15], it has remained an unsolved challenge
for a long time. Static CT images have been employed for evaluation of
parietal pleural invasion [11,12]. Ebara et al. morphologically eval-
uated static images of peripheral lung tumours, including those mea-
suring ≤ 3 cm in diameter, using a computer analysis application. Al-
though the authors attempted to determine both parietal and visceral
pleural invasion, the accuracy of detection of parietal pleural invasion
was limited [11]. Imai et al. reported that the ratio of the interface
length between the tumour and the structure adjacent to the maximum
tumour diameter provides a high accuracy for predicting parietal
pleural invasion [12]. Although these authors used a simple and non-
invasive method, they only evaluated tumours that were> 3 cm in
diameter, because their method could not be applied to smaller tu-
mours.

Since the advent of area-detector CT, several authors have reported
new evaluation criteria using dynamic-ventilatory scanning with
quantitative four-dimensional (4D) CT [16,17]. Although this method is
promising, it requires the latest technology and is not available at all
institutions that have CT machines.

The purpose of our study was to develop and assess a non-invasive
preoperative method, termed the two-step method, for evaluating the
relationship between the parietal pleura and peripheral pulmonary le-
sions in order to preoperatively exclude invasion or focal pleural ad-
hesion by multidetector CT.

2. Material and methods

The institutional review board approved this prospective study, and
all patients provided informed consent.

2.1. Subjects

Twenty-six patients with a peripheral pulmonary lesion abutting the
chest wall or a pleural indentation before surgery were included in this
study between May and December 2017. Pulmonary lesions abutting
the mediastinum and interlobar pleura were excluded because we were
unable to set the anatomical index to calculate the distance of move-
ment or superimpose the structure to assess the separation between the
chest wall and subpleural lung lesions.

This study included 11 women and 15 men (median age, 69 years;
range, 42–80 years) and 26 lesions (Table 1). The pulmonary lesions
were located in the right upper lobe (n=11), right middle lobe
(n=1), right lower lobe (n= 4), left upper lobe (n=6), and lower
lobe (n=4). The average value of the maximum lesion diameter on
axial CT images was 31.03mm (range, 6–100mm). Histopathological
findings revealed the lesions to correspond to adenocarcinoma
(n=15), squamous cell carcinoma (n= 6), pleomorphic carcinoma

(n= 1), metastatic lung cancer from breast cancer (n=1), aspergil-
loma in a pre-existing cavity (n= 1), Mycobacterium avium complex
(n= 1), and nonspecific inflammatory lesion (n=1).

2.2. CT procedure

A 64-row-detector CT scanner (SOMATOM definition AS+; Siemens
Healthineers, Erlangen, Germany) was used for CT examination. For
scanning, the tube voltage was set at 100 or 120 kVp, and tube current
was applied at auto milliampere settings in accordance with the CARE
Dose 4D system for exposure-dose reduction. A first routine pre-
operative CT examination in the inspiratory phase was performed in the
supine position with or without contrast media. Following this, a
second scan was obtained with the patients positioned with their af-
fected side up. Before image acquisition, the patients were given
breathing instructions by the technologists. They taught the patients to
inspire and expire as deeply as possible with costal breathing. The
second CT image, including the lesion and the first or twelfth thoracic
vertebra, was acquired in the full inspiratory and expiratory phases in
the affected-side-up lateral decubitus position. Using the data acquired
in the supine position as well as in the full inspiratory and expiratory
phases in the affected-side-up lateral decubitus position, high-resolu-
tion axial CT images were reconstructed with a thickness of 2.0mm.
Sagittal and coronal images were also reconstructed with a thickness of
1.0 mm. A single image that included the longest interface abutting the
chest wall or the point where the pleural tag attached to the chest wall
was chosen from axial, sagittal, and coronal images in both the in-
spiratory and expiratory series. A chest-wall structure (e.g. the spine or
a rib) was set as an index, which was used as a reference for super-
imposing images over each other in a workstation (Synapse Vincent,
Fujifilm, Tokyo, Japan; Fig. 1).

2.3. Image analyses

Image analysis was performed without any histological or surgical
information, before the patients received surgical treatment. In the first-
step analysis, the separation between the chest wall and subpleural lung
lesions was visually evaluated using axial, sagittal, and coronal images.

Table 1
Demographic and clinical characteristics of patients enrolled in this study.

Variable Datum

No. of patients 26
Men/women 15/11
Median age (years) 69 (range, 42–80)
Tumour location
Right upper lobe 11
Right middle lobe 1
Right lower lobe 4
Left upper lobe 6
Left lower lobe 4

Average tumour size (mm) 31.03 (range, 6–100)
Histological diagnosis
Adenocarcinoma 15
Squamous cell carcinoma 6
Pleomorphic 1
Others 4

Pleural status
No focal adhesion 26
Pleural adhesion away from the pulmonary lesion 7
pl0 7
pl1 12
pl2 1
pl3 2

Note — Except where otherwise mentioned, the data indicate the number of
patients. pl0, absence of pleural invasion beyond the elastic layer; pl1, pleural
invasion beyond the elastic layer; pl2, pleural invasion to the pleural surface;
pl3, invasion into any component of the parietal pleura.
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Two observers manually, and in consensus, measured the distance be-
tween the peripheral lesions and the chest-wall index structure on axial,
sagittal, and coronal images. When it was difficult to superimpose the
chest-wall index structure, the separation was estimated by visual as-
sessment. When the index on the chest wall was not included in the
same plane as the subpleural lung lesion because of respiratory move-
ment, the images were evaluated for any visually obvious separation;
this meant that the distance of separation was too large to measure on a
two-dimensional (2D) plane. When the index on the chest wall and the
subpleural lung lesion were included in the same plane, the distance
between the two was manually measured, and the difference between
the inspiratory and expiratory phases was recorded as the distance of
separation. The separation between the chest wall and subpleural lung
lesions was considered to be present when the separation was visually
obvious, or the distance of separation was more than 5mm. In the
absence of a separation in the first step analysis, the images were fur-
ther evaluated by second-step analysis.

For the second-step analysis, routine inspiratory images acquired in
the supine position were compared with inspiratory images obtained in
the lateral position. The presence or absence of separation was eval-
uated in the same way as in the first-step analysis. The separation be-
tween the chest wall and subpleural lung lesions was considered to be
present when the separation was visually obvious or the distance of
separation was more than 5mm.

2.4. Statistical analysis

Continuous variables were expressed as median/average and range.
The sensitivity, specificity, positive and negative predictive values, and
accuracy of the two-step method for estimating the absence of parietal
pleural invasion or focal adhesion of subpleural lung lesions were de-
termined.

The sample size was calculated on the basis of the assumption that

this two-step method predicted no parietal pleural invasion or focal
pleural adhesion, with an expected positive predictive value of 100%.
The threshold value was 85%, which was based on the clinical utility.

For predicting the separation of pleura, receiver operating char-
acteristic (ROC) curves were derived by plotting the relationship be-
tween specificity and sensitivity at various cut-off levels of distance.
Obvious separation was defined as a distance of 43mm, which was the
maximum level of measurement. The accuracy of distance as a diag-
nostic tool for predicting separation observed during surgery was de-
termined by calculating the area under the ROC curve (AUC), with AUC
values> 0.90 indicating good accuracy. All statistical analyses were
conducted using XLSTAT 2012 (Addinsoft, Paris, France).

3. Results

3.1. Assessment of radiation dose

For the additional CT images obtained in inspiratory and expiratory
phases in the affected-side-up lateral position, the CT dose index vo-
lume was 4.5 ± 1.0mGy (mean ± SD), and the dose–length product
was 210.4 ± 67.3 mGycm. The total estimated radiation exposure for
these additional CT images was 3.1 ± 1.0 mSv (using a conversion
factor of 0.0145 for the chest) [18].

3.2. Two-step method

The ROC curve for predicting separation by means of distance had
an AUC of 0.942 (95% confidential interval [CI], 0.866–1.000). Thus,
distance was determined to be a good tool for predicting separation. At
a threshold distance of 3.3mm, the sensitivity, specificity, and positive
and negative predictive values for predicting separation were 91.3%,
100%, 100%, and 60.0%, respectively; the corresponding values at a
threshold distance of 5.9 mm were 87%, 100%, 100%, and 50.0%, re-
spectively. Therefore, a distance of 5mm was determined as a clinically
convenient cut-off for predicting separation in this two-step method.

In the first-step analysis, the separation between the chest wall and
subpleural lung lesions was present in 21 lesions. Among these, 13, 5,
and 1 lesions on axial, sagittal, and coronal images, respectively, were
considered as exhibiting obvious separation. All 21 lesions were cate-
gorised as showing “no invasion” or “no focal adhesion” on the basis of
operative and histological findings (Figs. 1 and 2).

In the first-step analysis, the separation between the chest wall and
subpleural lung lesions was absent in 5 of the 26 lesions. In the second-
step analysis, the separation was considered to be absent in 3 and
present in 2 of these 5 lesions. The latter two lesions were categorised as
showing “no invasion” or “no focal adhesion” on the basis of operative
and histological findings (Fig. 3). Of the three lesions that did not ex-
hibit a separation between the chest wall and subpleural lung lesions in
either step of the analysis, two were diagnosed as exhibiting parietal
pleural invasion on the basis of histological findings (Fig. 4), while the
third was categorised as showing “no invasion” or “no focal adhesion”
on the basis of operative and histological findings. This false-positive
lesion was located on the medial side of the right upper lobe (Table 2;
Fig. 5).

The sensitivity, specificity, positive and negative predictive values,
and accuracy of our two-step method for excluding parietal pleural
invasion or focal adhesion of subpleural pulmonary lesions were 96%
(23/24; 95% CI: 79–100%), 100% (2/2; 95% CI: 16–100%), 100% (23/
23), 67% (2/3; 95% CI: 23–93%), and 96% (25/26; 95% CI: 80–100%),
respectively. This study required 22 patients to achieve a one-sided
significance level of 5% with a power of 80%. Factoring in a dropout
rate of 4%, we set a target sample size of 23 patients with radiological
diagnosis indicating no parietal pleural invasion or focal adhesion.

Pleural adhesion was observed in seven lesions during surgery.
Because the sites of adhesion were all located away from the subpleural
lung lesion of concern, they could not be reported in this study.

Fig. 1. A 58-year-old man with adenocarcinoma histologically diagnosed as
pl1. Computed tomography images show a 17-mm nodule with pleural in-
dentation in contact with the pleural surface. ＊Chest-wall index; →index on
the peripheral lesion upon inspiration; index on the peripheral lesion upon
expiration. (a) Sagittal image acquired in the lateral position upon inspiration.
The distance between ＊ and → is 6 mm. (b) Sagittal image acquired in the
lateral position upon expiration. The distance between ＊ and is 20.2 mm. (c)
Superimposed image of (a) and (b) showing the separation between the chest
wall and peripheral lesion. The distance of separation is 14.2 mm
(20.2–6.0 mm). Note that the separation is also visually evident and easy to
identify by visual analysis. One of the ribs (＊) is set as an anatomical index for
overlapping the two images.
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Although video-assisted thoracoscopic surgery was changed to thor-
acotomy in a patient exhibiting a relatively broad and dense adhesion,
the lesion had exhibited the separation in the first-step analysis.

4. Discussion

In compliance with a request from our surgeons, we attempted to
develop a simple, non-invasive, preoperative method—termed the two-
step method—for determining the relationship between the parietal
pleura and subpleural lung lesions and for excluding parietal pleural
involvement using a 64-row multidetector CT system.

Identifying an effective preoperative evaluation tool for pleural in-
vasion of peripheral lung cancer has been an unsolved challenge for a
long time. With regard to parietal pleural invasion, a previous study
found that bony destruction with or without a soft-tissue mass

extending into the chest wall was the only CT finding with a 100%
positive predictive value for detection of parietal pleural and chest-wall
invasion [15]. It has also been suggested that CT has limited accuracy
for evaluating parietal pleural invasion when a tumour is abutting the
pleura without bony destruction or a mass involving the chest wall
[11].

We evaluated the separation between the chest wall and subpleural
lung lesions by comparing images obtained in inspiratory and ex-
piratory phases in the affected-side-up lateral decubitus position, which
was similar to conducting a direct visual observation of respiratory
movement. The separation between the chest wall and the subpleural
lesions indicates that there is no fixation between the two structures,
which implies the absence of parietal pleural invasion of subpleural
lung cancer or pleural adhesion in that focal area. All patients in the
present study were imaged by positioning the affected side up in the
lateral decubitus position because it has been reported that, in the
lateral position, the upper-lung capacity is greater than the lower-lung

Fig. 2. A 76-year-old man with squamous cell carcinoma histologically diag-
nosed as pl1. Computed tomography (CT) images show a 17-mm nodule in
contact with the pleural surface. ＊Chest-wall index; →index on the peripheral
lesion upon inspiration; index on the peripheral lesion upon expiration. (a)
High-resolution axial CT image acquired upon inspiration in the supine position
during routine examination. It is difficult to make a reliable report about the
invasion of the parietal pleura. (b) Coronal image acquired in the lateral po-
sition upon inspiration. The distance between ＊ and → is 53.7 mm. (c) Coronal
image acquired in the lateral position upon expiration. The distance between ＊
and is 26mm. (d) Superimposed image of (b) and (c) showing the separation.
The distance of separation is 27.7 mm (53.7–26.0 mm). Note that the separation
is also visually evident and easy to understand in the superimposed image.

Fig. 3. A 76-year-old woman with adenocarcinoma histologically diagnosed as
pl0. Computed tomography images show a 10-mm part-solid nodule with
pleural indentation in contact with the pleural surface. ＊Chest-wall index; →
index on the peripheral lesion upon inspiration; index on the peripheral le-
sion upon expiration. (a) Coronal image acquired in the lateral position upon
inspiration. (b) Coronal image acquired in the lateral position upon expiration.
(c) Superimposed image of (a) and (b). Note that the absence of separation is
visually apparent. Our second-step analysis involved the following: (d)
Reconstructed coronal image acquired in the supine position during routine
examination; (e) coronal image acquired in the lateral position upon inspira-
tion; and (f) superimposed image of (d) and (e). Note that the separation is
present and quite obvious visually. Our second-step analysis is especially useful
for estimating the region where the respiratory movement is small.

Fig. 4. A 75-year-old man with squamous cell carcinoma. After en bloc resec-
tion, the lesion was histologically diagnosed as pl3. Computed tomography
images show a 42-mm cavitary nodule in contact with the chest wall; bone
invasion is also observed. ＊Chest-wall index; →index on the peripheral lesion
upon inspiration; index on the peripheral lesion upon expiration. (a) Coronal
image acquired in the lateral position upon inspiration. The distance between *
and → is 9.96mm. (b) Coronal image acquired in the lateral position upon
expiration. The distance between * and is 9.51mm. (c) Superimposed image
of (a) and (b). Note that the absence of separation is visually apparent. The
distance of movement is 0.45mm (9.96–9.51mm).
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capacity because of counteraction against the force of gravity [19].
In our study, when separation was observed in either the first- or

second-step analysis, neither parietal pleural invasion nor focal adhe-
sion was detected during surgery or histological examination. This two-
step method for excluding parietal pleural involvement showed positive
and negative predictive values of 100% and 67% (95% CI: 23–93%),
respectively. Therefore, our two-step method is useful for ruling out
parietal pleural involvement before surgery because it directly evalu-
ates the separation between the chest wall and subpleural lesions.

In the first-step analysis, the separation was absent in case of three
lesions with no histological findings of parietal pleural invasion. These
three lesions were located in the medial and dorsal regions of the right
upper lobe (two lesions) and in the superior segment of the right lower
lobe (one lesion). Milic-Emili et al. reported that changes in lung vo-
lume during respiration are smaller in the upper-lung region than in the
lower-lung region [20]. This might explain why the three lesions did
not show the separation in the first-step analysis despite there being no
evidence of parietal pleural invasion upon histological analysis — the
lesions were located in a region that moves less during respiration.
Moreover, these three lesions were located not only in the upper region
but also in the medial and dorsal regions. To the best of our knowledge,
this is a novel finding that the medial and dorsal regions of the upper-
lung region exhibit only small changes in lung volume during respira-
tion. However, the findings of the second-step analysis suggested an-
other possibility. When routine images obtained in the inspiratory
phase in the supine position were compared with images obtained in
the affected-side-up lateral decubitus position, there were differences in
the relationship between the chest-wall index structure and subpleural
lesions in two of these three lesions, even though no separation was

observed during respiration (in the first-step analysis). This finding
suggests that change in body position reveals the separation, particu-
larly in case of lesions located medial and dorsal to the upper lobe or in
the superior segment of the lower lobe. Therefore, it is useful to perform
the second-step analysis for lesions located in these regions. To the best
of our knowledge, this finding is novel and has not been reported
previously.

Recently, Choong et al. and Sakuma et al. investigated peripheral
lung cancer invasion into adjacent structures using dynamic 4D CT.
Sakuma et al. conducted quantitative analysis using an area-detector CT
scanner and specialised software/workstations, making full use of the
latest technology, and performed 3D and dynamic imaging, which al-
lowed them to perform motion analysis for two adjacent structures
[16,17]. Both studies reported that 4D CT is a useful and novel tech-
nology for conducting preoperative assessment of parietal pleural in-
vasion/adhesion.

However, such latest technology is available at only a few institu-
tions in the world. In contrast, our two-step method is simple and
convenient and can be performed with most CT machines in the world.
However, it is not applicable for evaluation of pleural adhesion that is
located away from the peripheral pulmonary lesion. We strongly hope
that dynamic 4D CT can play an important role in evaluation of pleural
adhesion and provide more information about respiratory dynamics.

In the present study, we were unable to identify dense and broad
adhesions preoperatively. This was because our two-step method was
focused on evaluating the relationship between the parietal pleura and
peripheral pulmonary nodules only focally; that is, our evaluation was
focused only around the focal region of concern. We were, therefore,
unable to identify dense adhesions located away from the region of

Table 2
Patients with no separation between the chest wall and subpleural lung lesions in the first-step analysis.

Patient no. Age (years) Sex First-step analysis
results

DS (mm/second-
step)

Second-step analysis
results

Pleural invasiveness Location Histological
characteristics

1 75 M Absent 2.5 Absent pl3 LUL/S3 lateral Sq.
2 76 F Absent Obvious Present pl0 RUL/S1 medial Ad.
5 67 M Absent 3.36 Absent pl3 LUL/S1+ 2 lateral Sq.
14 42 F Absent 3.43 Absent pl0 RUL/S1 medial Ad.
20 80 F Absent Obvious Present pl1 RLL/S6 medial Ad.

Note — These lesions were identified in the second-step analysis. Lesions exhibiting separation in the second-step analysis were categorised as showing “no pleural
invasion” or “no focal adhesion” in accordance with operative and histological findings. The findings of the two steps of analysis were inconsistent only in one case
(patient 14), where the lesion was located in the medial region of the right upper lobe. Ad., adenocarcinoma; DS, distance of separation; LUL, left upper lobe; pl0,
absence of pleural invasion beyond the elastic layer; pl1, pleural invasion beyond the elastic layer; pl3, invasion into any component of the parietal pleura; RLL, right
lower lobe; RUL, right upper lobe; Sq., squamous cell carcinoma.

Fig. 5. Flowchart of the present study protocol. This two-step
method for excluding parietal pleural involvement showed
positive and negative predictive values of 100% and 67%
(95% confidence interval: 23–93%), respectively. While the
first-step analysis was based on respiratory movement, the
second-step analysis was based on change in position.
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concern, even when the distance was small.
There are several limitations to this study. Firstly, it included only a

small number of patients. Patients with lesions abutting the great
vessel, mediastinum, or interlobar fissure were not included. This was
because we used a rib or the spine as an index for assessing the se-
paration, and it would have been difficult to fix an index in the med-
iastinum or on an interlobar fissure. Secondly, we did not encounter
any patients with focal pleural adhesion at the subpleural lung lesion.
In case of patients with inflammatory diseases, although we suspected
the presence of focal adhesion, it was non-existent. If a loose adhesion
had existed, we might have observed the separation between the chest
wall and subpleural lesions. We could not identify dense pleural ad-
hesions that were located a little away from the region of concern. This
suggests that we need further experience and research to evaluate
pleural adhesions.

We acquired additional CT images in the affected-side-up lateral
position and, therefore, could not avoid additional radiation exposure
for the patients. The total estimated radiation exposure for acquiring
these additional CT images was acceptable. Moreover, the additional
images obtained in the affected-side-up lateral position provided useful
information on the relationship between the chest wall and subpleural
lung lesions, which was essential for our second-step analysis. The ad-
vantage of acquiring these additional images is more meaningful than
the disadvantage because of the additional exposure.

In conclusion, our two-step method is a novel, useful, simple, and
cost-effective method for evaluating the relationship between the par-
ietal pleura and peripheral pulmonary lesions, especially for excluding
the parietal pleural involvement of peripheral pulmonary lesions. Even
in cases where respiratory movement is limited—as seen in patients
with lesions in the medial and dorsal regions of the upper lobe or in the
superior segment of the lower lobe—evaluation of change in position in
the second-step analysis is useful for observing the separation between
the chest wall and subpleural lung lesions in order to exclude parietal
pleural involvement. We believe that this two-step method is practical
for use by most CT machines in the world and is, therefore, universally
available.
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