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Background: To plan a surgical approach and predict the operative time or bleeding volume, it is
important to determine the presence of pleural adhesions before surgery. Dynamic chest radiography (DCR)
is a new modality that can dynamically capture X-rays, and we assessed the utility of DCR for detecting
pleural adhesions preoperatively.

Methods: The subjects of this study were those who underwent DCR before surgery from January 2020
to May 2022. The preoperative evaluation was performed by three imaging analysis modes, and pleural
adhesion was defined as the that spreading to more than 20% of the thoracic cavity and/or taking more than
5 minutes to dissect.

Results: Of the 120 total patients, DCR was performed properly for 119 (99.2%). Accurate preoperative
evaluations of pleural adhesions were confirmed in 101 patients (84.9%), with a sensitivity of 64.5%,
specificity of 91.0%, positive predictive value of 74.1%, and negative predictive value of 88.0%.
Conclusions: DCR was very easy to perform in all preoperative patients with all manner of thoracic
disease. We demonstrated the utility of DCR, showing its high specificity and negative predictive value.
DCR has the potential to become a common preoperative examination for detecting pleural adhesions with

further improvements in software programs.
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Introduction

Dynamic chest radiography (DCR) is a flat-panel detector-
based functional X-ray imaging modality that clarifies
pulmonary ventilation, diaphragm movement, and lung
circulation. As a feature, DCR can be performed with a
conventional X-ray generator and does not require contrast
medium, and the patient dose is <1.9 mGy, which is the
dose limit for 2-directional chest radiography (front and

side) recommended (1,2) by the International Atomic
Energy Agency (IAEA). While there are some reports of
its application for evaluating diaphragm movement (3) or
air trapping in patients with chronic obstructive pulmonary
disease (4) and for diagnosing pulmonary hypertension (5),
there are still few reports written by surgeons concerning
the application of DCR to thoracic surgery (6,7).

When planning a surgical approach and predicting
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operative time or bleeding volume, it is important to
determine the presence of pleural adhesions before surgery.
We have been using DCR to detect pleural adhesions for
preoperative patients with thoracic disease.

We therefore described the preoperative DCR and intra-
operating findings, evaluated the consistency of preoperative
detection for pleural adhesions, and now report its utility.
We present the following article in accordance with
the STARD reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-1226/rc).

Methods
Patients

This prospective study was approved by the Institutional
Review Board of Seirei Mikatahara General Hospital
(Approval No: 20-18). The informed consent from each
patient was obtained before examinations and the contents
of this study was also disclosed at our hospital. The subjects
of this study were continuous all of patients who underwent
DCR before surgery from January 2020 to May 2022,
excluding patients with pneumothorax or mesothelioma,
as these diseases are characterized by spaces or adhesions
in the thoracic cavity. In all patients, DCR was performed
within three days before surgery.

Imaging protocol of DCR

The imaging protocol is shown in Figure 1. DCR was
performed during respiration using a conventional
radiography system (RADSpeed Pro; SHIMADZU, Kyoto,
Japan) and a flat-panel detector (AeroDR fine; Konica
Minolta, Tokyo, Japan). The patients were instructed to
inhale and exhale after tidal breathing. The X-ray exposure
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conditions were as follows: tube voltage, 100 kV; tube
current, 80 mA; pulse duration of pulsed X-ray, 6.3 ms;
source-to-image distance, 2 m; additional filter, 2.8 mm Al
+ 0.1 mm Cu for filtering out soft X-rays. The exposure
time was approximately 14 seconds. The pixel size was
200x200 pm, the matrix size was 4,248x4,248, and the
overall image area was 43.2 cm x 43.2 cm. The gray-level
range of the images was 16 bits, and the signal intensity was
proportional to the incident exposure of the X-ray detector.
The dynamic image data, captured at 15 frames/second,
were synchronized with pulsed X-ray. Using pulsed X-ray
prevented excessive radiation exposure to the subjects. The
entrance surface dose was approximately 1.7 mGy.

Immage analyses

DCR provides several dynamic images. It was analyzed
using the software program (Konica Minolta Inc., Tokyo,
Japan) installed in an independent workstation (Operating
system: Windows 10 Enterprise; Microsoft, Redmond, WA,
USA; CPU: Intel® Core™ i5-7500, 3.40 GHz; random
access memory, 8 GB). Examples of DCR and its analysis
are shown in Figure 2 (corresponding video materials are
available in Video S1).

Original DCR (Figure 2A) is a simple dynamic image,
DM-mode (Figure 2B) emphasizes the movement of the
diaphragm, BS-mode (Figure 2C) has the clavicle and ribs
erased, and FE-mode (Figure 2D) enhances the visibility
of the lung marking. PL-mode (Figure 2E) and LM-
mode (Figure 2F) concern ventilation. PL-mode shows
the dynamic ventilation image, demonstrating a blue
shadow in the position where the lung tissue is expanded by
breathing. LM-mode visualizes upward movement of the
lungs during expiration. The colorless area shows where
there is little movement, we defined it as a low-motion area
(LMA). In the other hands, green shows where there is
moderate movement, and yellow shows where there is high
movement.

The preoperative evaluation of pleural adbesions using
DCR

The preoperative evaluations were performed by two
thoracic surgeons with more than 10 years of thoracic
surgery experience and having the certificate of specialty.
PL-mode was referenced initially. If a blue shadow was
found in all respiratory phases, the case was assessed as
having no pleural adhesion. If the blue shadow disappeared
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Figure 1 Imaging protocol of dynamic chest radiography. SID, source to image-receptor distance.
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Figure 2 Several dynamic images obtained by DCR. Original DCR (A) is a simple dynamic image, DM-mode (B) emphasizes the movement
of the diaphragm, BS-mode (C) has the clavicle and ribs erased, and FE-mode (D) enhances the visibility of the lung marking. PL-mode (E)

and LM-mode (F) concern ventilation. PL-mode shows the dynamic ventilation image, demonstrating a blue shadow in the position where
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the lung tissue is expanded by breathing. LM-mode visualizes upward movement of the lungs during expiration. The colorless area shows
where there is little movement. DM-mode, diaphragm motion tracking processing mode; BS-mode, bone suppression processing mode;
FE-mode, frequency enhancement processing mode; PL-mode, reference frame ratio calculation processing mode; LM-mode, lung motion
tracking processing mode; DCR, dynamic chest radiography.
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Table 1 Patient characteristics

Characteristics Values
Patients 120
Sex, n (%)
Male 76 (63.3)
Female 44 (36.7)
Age (years), median [range] 71[21-88]
Thoracic disease, n (%)
Primary lung cancer 82 (68.4)
Benign lung tumor 13 (10.8)
Metastatic lung cancer 9 (7.5)
Mediastinum tumor 6 (5.0)
Vascular malformation 4 (3.3)
Pleural tumor 3 (2.5)
Infectious lung diseases 3 (2.5)
Underlying pulmonary disease, n (%)
Presence of emphysema 38 (31.7)
Presence of interstitial lung disease 11(9.2)
Surgical procedure, n (%)
Lobectomy 71 (59.2)
Segmentectomy 17 (14.2)
Wedge resection 23 (19.1)
Tumor resection 9 (7.5)
Surgical approach, n (%)
Thoracotomy 63 (52.5)
mVATS 28 (23.3)
uVATS 12 (10.0)
RATS 17 (14.2)

mVATS, multiport video-assisted thoracoscopic surgery; uVATS,
uniportal video-assisted thoracoscopic surgery; RATS, robotic-
assisted thoracoscopic surgery.

in some areas of the lung field and pleural adhesion was
suspected, the findings of FE-mode and LM-mode were
added to PL-mode. In the FE-mode, the area of the
field lacking a blue shadow in the PL-mode was carefully
observed in order to identify any decreased movement of
the lung. In addition, in LM-mode, when a colorless area
was large and irregular changes were noted in the shadow
shape, like a downward convex, pleural adhesion was
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considered present.

Consistency between the preoperative evaluation and intra-
operative findings of pleural adbesions

Pleural adhesion was defined as the that spreading to more
than 20% of the thoracic cavity and/or taking more than
5 minutes to dissect. The time for dissection of adhesion
was measured by watching the operation video after
surgery. The operation video was assessed by the operating
surgeon and the other one. According to this definition, the
preoperative evaluation of the existence of pleural adhesions
using DCR was determined to be accurate or inaccurate
based on intra-operative findings in all patients.

Analyses of the LMA ratio in LM-mode

In LM-mode, the LMA ratio were calculated using the
dedicated software program from Konica Minolta, Inc.
LMA ratio is a percentage obtained by dividing the LMA
(mm”) by the lung field area of the surgical side (mm®). The
LMA was defined as an area of less than 1.5 mm of upward
movement during expiration. A retrospective analysis was
performed on the relationship between the LMA ratio and
pleural adhesions.

Statistical analyses

Mann-Whitney U test was used for continuous variables.
P values of <0.05 were considered statistically significant.
All statistical analyses and ROC curve about the LMA ratio
and pleural adhesions were performed using the StatView
software program (SAS Institute Inc., Cary, NC, USA) and
EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan) (8).

Results
Patient characteristics

The characteristics of the 120 patients [male, n=76; female,
n=44; median age, 71 (range, 21-88) years old] are shown
in Table 1. The consents were obtained from the all patients
during the observation period. The thoracic diseases for
surgery were primary lung cancer (n=82), benign lung
tumor (n=13), metastatic lung cancer (n=9), mediastinum
tumor (n=6), vascular malformation (n=4), pleural
tumor (n=3), and infectious lung diseases (n=3). Thirty-
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eight patients had emphysema, and 11 had interstitial
lung disease. Lobectomy was performed for 71 patients,
segmentectomy for 17 patients, wedge resection for 23
patients, and tumor resection for 9 patients. With regard
to the surgical approach, thoracotomy was performed
in 63 patients, multiport video-assisted thoracoscopic
surgery (mVATS) in 28 patients, uniportal video-assisted
thoracoscopic surgery (uVATYS) in 12 patients, and robotic-

Table 2 Findings of DCR and consistency of the preoperative
evaluation for pleural adhesions

Category N (%)

Appropriate taking DCR 119 (99.2)

Suspected pleural adhesions using DCR

Yes 27 (22.5)
No 92 (76.7)
Undecidable’ 1(0.8)

Pleural adhesion
Absence 88 (73.9)
Presence 31 (26.1)
Consistency of preoperative evaluation*
Accurate 101 (84.9)

Inaccurate 18 (15.1)

T, patient with artifacts on DCR; ¥, one undecidable case was
excluded. DCR, dynamic chest radiography.

Intraoperative
finding

Pleural Pleural

Preoperative
evaluation

Suspectadhesion (+) 20 7

Suspect adhesion (-) 11 81

assisted thoracoscopic surgery (RAT'S) in 17 patients.

Findings of DCR and consistency of the preoperative
evaluation for pleural adbesions

The details are shown in Table 2. DCR was performed
properly for 119 (99.2%) patients. Only 1 (0.8%) patient
showed failure of DCR, as his DCR data included an
artifact due to the patient moving his body in the process of
taking images.

According to the findings of DCR, pleural adhesions
were suspected in 27 (22.5%) patients, not suspected in
92 (76.7%) patients, and undecidable for 1 (0.8%) patient
(the patient whose findings showed an artifact). Surgery
was then performed, and pleural adhesions were absent in
88 (73.9%) patients and present in 31 (26.1%) patients.
The preoperative evaluation was thus accurate in 101
(84.9%) patients and inaccurate in 18 (15.1%) patients. The
sensitivity was 64.5%, the specificity 91.0%, the positive
predictive value 74.1%, and the negative predictive value
88.0% (Figure 34). And on the patients with emphysema
(n=38), the sensitivity was 57.1%, the specificity 91.7%, the
positive predictive value 80.0%, and the negative predictive
value 78.6%.

False-negatives (while no adhesion was suspected, it was
present) were 11 cases, and the locations of the adhesions in
these patients were the mediastinum (n=6; 3 in para-aorta,
2 in para-vertebra, and 1 in para-pericardium), apex (n=2),
lung field (n=2), and inter-lobar (n=1) (Figure 3B).

adhesion (+) adhesion ()

False-negative: 11 cases
Locations of adhesion

Location N %

Mediastinum 6 54.5%
Apex 2 18.2%
Lungfield 2 18.2%
Intra-lobar 1 9.1%

Sensitivity: 64.5% Positive predictive value: 74.1%
Specificity: 91.0% Negative predictive value: 88.0%

Figure 3 The results and accuracy of preoperative detection for pleural adhesions using dynamic chest radiography. The preoperative evaluation

and intraoperative findings as well as the accuracy of the examinations (A). The locations of pleural adhesions in false-negative cases (B).
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Table 3 The analysis of the low-motion area ratio and pleural adhesions

1101

Pleural adhesion

LM-mode

Absence (n=88)

P value
Presence (n=31)

Low-motion area ratio 36.9%+13.0%

52.0%+17.2% <0.001

Data are presented as median + standard deviation.
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Figure 4 The box-plot shows that the low-motion area ratio was
significantly larger in the patients with pleural adhesion than in

those without pleural adhesion.
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Relationship between the LMA ratio and pleural adbesions

The median LMA ratio was 36.9% in patients without
pleural adhesion and 52.0% in those with pleural adhesion.
The LMA ratio was thus significantly higher in the patients
with pleural adhesion than in those without it (P<0.001,
Table 3 and Figure 4).

Case presentations

Four cases are shown in Figure 5.

%  Case A was a patient with benign lung tumor. PL-
mode showed a blue shadow in the whole left lung
field, and there was considered to be no pleural
adhesion. Pleural adhesion was ultimately not
found (accurate).

%  Case B was a patient with lung carcinoma. PL-
mode showed the disappearance of the blue

Suspected adhesion (+) — intraoperative adhesion (+)

B - 32 Rt.

thoracic cavity

|

"

Lt.» Y
posterior mediastingife

f\ ‘.

Figure 5 Four cases: two accurate cases (A,B) and two inaccurate cases (C,D).
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shadow in the right upper and middle areas of the
lung field, and there was considered to be pleural
adhesion. Pleural adhesions were extensively found
between the right lung and chest wall (accurate).

% Case C was a patient with lung carcinoma. PL-
mode showed a blue shadow in the whole left lung
field, and there was considered to be no pleural
adhesion. However, pleural adhesion in the left
apex was ultimately found (inaccurate).

% Case D was a patient with non-tuberculous
mycobacterial lung disease. PL-mode showed a
blue shadow in almost the whole left lung field, and
there was considered to be no pleural adhesion.
However, pleural adhesions in the left posterior
mediastinum around the para-aorta were ultimately
found (inaccurate).

Discussion

DCR can provide information on several points, such as
pulmonary ventilation, diaphragm movement, and lung
circulation (9-11). It is expected to be clinically applied
in various fields, and some reports have already been
published, describing DCR as useful for evaluating chronic
obstructive pulmonary disease and cystic fibrosis patients
(1,2,12-14), in the clinical application of ventilation
and perfusion (15,16), and for diagnosing pulmonary
hypertension (5). However, there have been few reports of
its surgical application, and the ones in existence are only
case reports of surgery for pleural tumor (6).

In the preoperative evaluation of pleural invasion (7),
pleural adhesion or invasion is sometimes evaluated
with dynamic computed tomography (CT) (17-19) or
magnetic resonance imaging (MRI) (20-22). However,
these examinations are costly to perform and cannot be
applied to all preoperative patients. One retrospective
study written by a radiologist was reported concerning the
evaluation of pleural adhesions with DCR (23). However,
this study only used FE-mode to evaluate adhesion, and
it was extremely subjective, with the findings difficult to
evaluate without an expert. Furthermore, in that study,
pleural adhesions were categorized by the adhesion grade
based on the portion of the lung surface with adhesion. The
authors therefore consider pleural adhesion to be a problem
when it spreads extensively and thereby makes it difficult
and time consuming to dissect such adhesions. Therefore,
we used DCR with several different analytic modes in the
present study (PL-mode, FE-mode, and LM-mode) for the

© Journal of Thoracic Disease. All rights reserved.

preoperative detection of pleural adhesion, and adhesion
was defined by the extension and dissecting time from a
surgeon’s perspective.

Pleural adhesions make surgery difficult, and the
operative time and bleeding volume can be increased
compared to cases without adhesion. In addition, extensive
pleural adhesions restrict the surgical approach, especially
uVATS and RATS. In such cases, the surgical approach
may have to be converted to mVATS or thoracotomy due
to adhesions during an operation. For these reasons, it is
important to determine the presence of pleural adhesions
before surgery. And from this point of view as well, we
conducted a prospective study on preoperative detection of
pleural adhesions using DCR.

In the present study, DCR was able to be performed in
patients of all ages (even for patients over 80 years old) with
many different lung diseases, regardless of the presence
of emphysema or interstitial lung disease. DCR was
performed appropriate in 99.2% of cases, indicating that
DCR is indeed very easy to perform for all preoperative
patients. As a result, the utility of DCR for preoperatively
detecting pleural adhesions was thus demonstrated. We
determined DCR to have a high specificity and negative
predictive value, and the results of the examination was
equal to or better than that of dynamic CT or dynamic
MRI (19,20). On the other hand, the utility of preoperative
lung ultrasound is also reported useful to detect pleural
adhesions (24-26). A systematic review by Shiroshita
et al. showed very good results with the sensitivity of 70%
and the specificity of 96% using ultrasound (24). Sasaki
et al. reported the negative predictive value of 87.7% and
the positive predictive value of 50.0% (25). Ultrasound is
simple and does not expose to radiation, however, there are
some areas where cannot be visualized due to obstructions
such as the scapula and clavicle. In addition, ultrasound has
the disadvantage that the individual visualization range is
narrow compared to DCR which can see the entire lung
filed. Although the interpretation of PL-mode is subjective
and requires some familiarity and experience, the authors
consider DCR to predict the absence of pleural adhesions
with high probability, based on the present findings.
However, there were some patients in whom the detection
of adhesions was difficult. In particular, adhesions in the
area of the mediastinum and apex were difficult to detect,
as there areas show little movement compared to the
outside of the lung field and around the diaphragm during
breathing. DCR is a modality that captures movement of
the lung, so these areas are its blind spots.

7 Thorac Dis 2023;15(3):1096-1105 | https://dx.doi.org/10.21037/jtd-22-1226



Journal of Thoracic Disease, Vol 15, No 3 March 2023

1.0 4
0.8 4
2 0.6 1 Youden index:
2 49.300 (0.739, 0.613)
2
[0
(%]

o
~
I

0.2 7

0.0 7

T T T T T T
1.0 0.8 0.6 0.4 0.2 0.0
1-Specificity
Figure 6 The receiver operating characteristic curve for the low-

motion area ratio and pleural adhesions.

The LMA ratio is a supplemental parameter that
compensates for these blind spots. It is an objective parameter, as
the low motion of the lung can be captured as a numerical value.
We found that a higher LMA ratio was significantly associated
with an increased presence of pleural adhesions. According
to the receiver operating characteristic curve (Figure 6),
the cut-off is approximately 50%, so pleural adhesions could be
suspected in a patient with an LMA ratio over 50%. However,
the LMA ratio cannot be analyzed without using the software
program developed by Konica Minolta, Inc. However, this
software program is not yet available for use in clinical practice
in Japanese hospitals. A software program that can conduct
analyses in greater detail would likely improve the utility of
DCR. We hope that, in the future, not only pleural adhesion
but also invasion of the chest wall or around organs will be able
to be detected easily using DCR.

The present study was associated with some limitations.
First, this study was performed in a single center. Second,
the DCR evaluation was subjective, being performed by
the authors in the division of thoracic surgery. Finally,
the LMA only increases the area as a result of pleural
adhesions and does not accurately represent the location or
degree of adhesions. However, we believe that the further
accumulation of cases and updates to analytical software
programs will eliminate these limitations.

Conclusions

We evaluated the consistency of the preoperative detection
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of pleural adhesions using DCR. To our knowledge, this is
the first study conducted by thoracic surgeons to examine
pleural adhesions using DCR in multiple patients before
thoracic surgery. We demonstrated the utility of DCR,
showing its high specificity and negative predictive value.
Based on our findings, we hope that DCR will become
a common preoperative examination for predicting the
operative time or bleeding volume and deciding on the
surgical approach, such as uVATS and RATS.
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Supplementary

lemes leo Materials
(corresponding to Figure 2)

4
PL-MODE PH-MODE PH2-MODE

Video S1 The dynamic images of each mode in DCR is presented
as a video file. PH-mode and PH2-mode focus on circulation (these
modes were not used in this study). LM-mode is not included
because this mode has a still image only. DCR, dynamic chest
radiography.
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