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Background: Central lung cancer with obstructive atelectasis is very common in clinical practice.
Determination of the tumor borderline is important. Conventional computed tomography (CT) alone may
not be sufficiently accurate to distinguish central lung cancer from obstructive atelectasis. Spectral CT can
improve the soft-tissue resolution greatly. In this study, we evaluated the application value of double-layer
spectral detector CT in differentiating central lung cancer from atelectasis.

Methods: A total of 51 patients (37 males) with pathologically confirmed central lung cancer accompanied
by atelectasis were enrolled. The rates of differentiation between tumors and atelectasis were retrospectively
analyzed using conventional CT and three types of spectral images (40 keV virtual monoenergetic imaging,
iodine density map, and their fusion image) of unenhanced scans as well as arterial and venous phases.
Cochran’s Q test and Friedman test were used to compare the differentiation rates and the maximal
diameters of the tumors in each image.

Results: Among the 51 cases, conventional CT, 40 keV monoenergetic, iodine density, and their fusion
images of the venous phase were successful in differentiating tumors from atelectasis in 17 (33.33%),
35 (68.63%), 39 (76.47%), and 38 (74.51%) cases, respectively. The differentiation rates of the 40 keV
monoenergetic, iodine density, and fusion images were significantly higher than those of conventional
images (x’=-0.35, -0.43, and -0.41, respectively, all P<0.001). There were no significant differences in the
differentiation rates among the 40 keV monoenergetic, iodine density, and fusion images (3’=-0.06, -0.08,
0.02, respectively, all P=1.00). The maximal tumor diameters in the four images did not significantly differ
((’=3.61, P=0.31). Conventional and spectral images of unenhanced and arterial phases could not/barely
identify the tumor borderlines.

Conclusions: Venous-phase spectral images of double-layer spectral detector CT can differentiate most
central lung cancers from atelectasis, and the maximal diameter measurement of the tumor is reliable.
Double-layer spectral detector CT can accurately identify the borderlines of most central lung cancers
through spectral images during routine CT examinations without requiring other imaging modalities.
Therefore, this method has considerable clinical value for applications in tumor staging, efficacy evaluation,

and radiotherapy.
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Introduction

Central lung cancer (CLC) with obstructive atelectasis
is very common in clinical practice. Determination of
the tumor borderline is important for tumor staging,
resectability assessment, efficacy evaluation, and
radiotherapy target delineation (1,2). computed tomography
(CT), positron emission tomography/computed tomography
(PET-CT), and Magnetic Resonance Imaging (MRI) are
currently the most common imaging modalities for tumor
diagnoses. However, due to the low soft-tissue resolution,
conventional CT alone may not be sufficiently accurate to
distinguish CLC from obstructive atelectasis (3). MRI and
PET-CT are more commonly used for this type of tumor
(4,5). Nevertheless, both of them have some limitations,
such as vulnerability to movement, more contraindications
for MRI, and high costs and low popularity for PET-CT.
With the development of technology, dual-energy spectral
computed tomography (DESCT) has been increasingly
applied in clinical practice. Compared with MRI and PET-
CT, DESCT has the advantages of convenience, cheapness
and fewer contraindications. DESCT can provide
multiple postprocessing spectral images, including virtual
monoenergetic images (MonoE), iodine density (ID) maps,
effective atomic number maps (Z.y), and fusion images,
which greatly improve soft-tissue resolution (6). Unlike
other dual-energy techniques, double-layer spectral detector
computed tomography (DLSDCT) allows the simultaneous
measurement of low- and high-energy photons at the exact
same spatial and angular location, facilitating dual-energy
postprocessing in the projection domain. The remarkable
reduction in the noise of spectral images and radiation dose
is very convenient for clinical use (7).

In this study, we examined the feasibility of using
DLSDCT in differentiating CLC from atelectasis and
analyzed the best imaging in various postprocessing spectral
functions. To our knowledge, this kind of topic had not been
reported. We present the following article in accordance
with the MDAR checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-21-3083/rc).
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Methods
Patients

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013), and was
approved by the institutional ethics committee of Shandong
Cancer Hospital and Institute (No. SDTHEC2021001001).
Individual consent for this retrospective analysis was waived.
The DLSDCT images of patients with pathologically
confirmed CLC were retrospectively analyzed. The
inclusion criteria were pathologically confirmed CLC with
obvious atelectasis and no previous tumor treatment. The
exclusion criteria were incomplete DLSDCT images or
obvious artifacts.

DLSDCT examinations

All scans were performed on a clinically available DLSDCT
scanner (IQon, Philips healthcare, Best, The Netherlands).
The scan protocol included unenhanced chest scans,
arterial phase scans, and venous-phase-enhanced scans.
The scanning range was from the thoracic entrance to
the diaphragm level, including the whole lung field. The
contrast agent, iodiazol (350 mg/mL, Beilu Pharmaceutical
Co. Ltd., Beijing, China), was injected with a high-
pressure bolus injector, with an injection flow velocity of
2.5 mL/s and a dose of 80 mL. Arterial and venous scans
were performed 30 s and 60 s post-injection, respectively.
The parameters used for CT scanning were as follows:
collimation 0.625 mm x64; pitch 1.015; 120 kilovolt peak
(kVp); automatic milli-Ampere Times Second (mAs)
technology; tube speed 0.5 s/cycle; reconstruction layer
thickness and spacing, 1 mm; and image matrix, 512x512.
The lung (window width/level 1,600/-600 HU) and
mediastinal (window width/level 400/40 HU) images were
routinely reconstructed.

Iimaging analysis

The three-phase mediastinal images of the unenhanced
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scan, arterial phase, and venous phase were uploaded to the
Philips Spectral Diagnostic Suite 9.0 (Philips healthcare,
Best, The Netherlands) and postprocessed. Two senior
physicians observed the conventional CT and three types of
spectral images (40 keV MonoE, ID, and MonoE-ID fusion
images) of each phase to determine the differentiation of
tumors from atelectasis. Differentiable tumor was defined
as a clear tumor boundary that could be clearly delineated
with a mouse. If the density difference between the tumor
and atelectasis area was mild or there was a fuzzy transition
area between them, the tumor with a boundary that could
not be clearly delineated was defined as undifferentiable.
Disagreements were resolved by consultation. The axial
maximal diameter of the tumor was measured for averaging
in cases where the tumor borderline was differentiable in all
conventional CT and spectral images in one phase.

Statistical analysis

SPSS 20.0 (SPSS Inc., Chicago, IL, USA) was used for
statistical analysis. The maximal tumor diameter was
expressed as the mean + SD. The rates of differentiating
tumors from atelectasis in each image were compared using
Cochran’s Q test. Dunn’s test (Bonferroni correction) was
then used for pairwise comparisons. The maximal diameters
of the tumors were compared with the Friedman test. A P
value <0.05 was considered significantly different.

Results
General clinical information

A total of 51 patients with pathologically confirmed
CLC between Jan. 2020 and Dec. 2020 were enrolled
in this study. There were 37 males and 14 females (aged
42-83 years, with a median age of 63 years), all of whom
were complicated with obstructive atelectasis. Twenty-
seven cases were confirmed by bronchoscopy, 11 cases
by operation, nine cases by percutaneous biopsy, and the
remaining cases by sputum or pleural effusion cytology.
The pathological types were as follows: squamous cell
carcinoma in 21 cases, adenocarcinoma in 22 cases, small
cell carcinoma in six cases, and other types of malignant
tumors in two cases.

Differentiation of tumors from atelectasis in three phases
of each image

Conventional CT, 40 keV MonoE, ID, and MonoE-ID
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fusion images of unenhanced scans could not effectively
identify the tumors and atelectasis. The tumor and
atelectasis areas were identified by conventional CT,
40 keV MonoE, ID, and MonoE-ID fusion images in
the arterial phase in 4 (7.84%), 5 (9.80%), 5 (9.80%),
and 6 (11.76%) cases, respectively. Overall, 6 (11.76%)
cases were differentiable in the arterial phase. In the
conventional arterial phase CT images, all cases showed
high enhancement, with adenocarcinoma occurring in five
cases and typical carcinoid tumors occurring in one case.

The tumor and atelectasis areas were identified by
conventional CT images and 40 keV MonoE, ID, and
MonoE-ID fusion images in the venous phase in 17
(33.33%), 35 (68.63%), 39 (76.47%), and 38 (74.51%) cases,
respectively (Figure 1). The Cochran’s Q results showed
that the differentiation rates of tumors from atelectasis areas
were significantly different among the four images (x’=52.40,
P<0.001). Pairwise comparison with Dunn’s test (Bonferroni
correction) indicated that the differentiation rates of
40 keV MonoE, ID, and MonoE-ID fusion images were
significantly higher than those of conventional CT images
(x’=-0.35, -0.43, -0.41, respectively, all P<0.001 after
correction). There were no significant differences in the
differentiation rates of 40 keV MonoE, ID, and MonoE-
ID fusion images (x’=-0.06, -0.08, 0.02, respectively, all
P=1.00) (Table 1).

Comparison of the maximal tumor diameters

There were 17 cases that were differentiable among all of
the conventional CT, 40 keV MonoE, ID, and MonoE-ID
fusion images in the venous phase. The maximal diameters
of the tumors in the four images were 50.00£22.66,
49.52+23.10, 49.63+22.97, and 49.60+23.07 mm, respectively.
The Friedman test showed no significant difference in the
maximal diameters of the tumors in the four images (’=3.61,

P=0.31).

Discussion

In this study, we analyzed the application value of DLSDCT
in differentiating CLC from atelectasis. The differentiation
rates of tumors from atelectasis were retrospectively
analyzed using conventional CT and three types of spectral
images of unenhanced scans as well as arterial and venous
phases. We found that none of these unenhanced scan
images could effectively distinguish the tumor and atelectasis
areas; only 11.76% of tumors could be distinguished in
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Figure 1 Differentiation of tumors from atelectasis in four types of images in the venous phase. A 69-year-old male with poorly

differentiated squamous cell carcinoma and atelectasis. In the venous phase, conventional CT (A) failed to identify the tumor boundary and

atelectasis. However, this was possible when using 40 keV virtual monoenergetic (MonoE) images (B), ID maps (C), and MonoE-ID fusion

images (D). ID, iodine density.

Table 1 Pairwise comparison of the differentiation rates of tumors
from atelectasis in four types of images in the venous phase

Pairwise comparison » P

CT vs. MonoE -0.35 0.00
CTvs. ID -0.43 0.00
CT vs. MonoE-ID -0.41 0.00
MonoE vs. ID -0.08 1.00
MonoE vs. MonoE-ID -0.06 1.00
ID vs. MonoE-ID 0.02 1.00

CT, conventional CT images in the venous phase; MonoE,
40 keV virtual monoenergetic image; ID, iodine density map;
MonoE-ID, fusion image of 40 keV MonoE and ID.

the arterial phase. Therefore, except for a few tumors
enhanced obviously in the arterial phase, conventional
CT and the three types of spectral images of unenhanced
scan and arterial phase were hardly useful in identifying
tumor boundaries. Among 51 cases, conventional CT,
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40 keV MonoE, ID, and MonoE-ID fusion images of the
venous phase were successful in differentiating tumors from
atelectasis in 17 (33.33%), 35 (68.63%), 39 (76.47%), and
38 (74.51%) cases, respectively. The results showed that
the venous phase was more efficient in identifying tumor
boundaries, which was consistent with the findings of Gao
et al. (8). It was speculated that the contrast agent had fully
penetrated into the tumor in the venous phase. As the iodine
content difference between the tissues increased, the tumor
boundary became clearer. However, our study showed that
the differentiation rates of tumors from atelectasis were
lower than those in other similar studies (8). A possible
reason is that our definition of differentiable tumors was
stricter. For example, if there is a density difference between
a tumor and an atelectasis area but there is a fuzzy transition
area between them, the tumor that cannot be clearly
delineated is defined as undifferentiable.

DLSDCT can provide 161 MonoE images (from 40 to
200 keV). Studies have shown that MonoE with low keV
increases the detectability of inconspicuous hilar lymph
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nodes and osteoblastic metastases (9,10) because MonoE
with low keV provides an increased contrast-to-noise
ratio (11) and contrast enhancement of vessels, even if
the scan is not performed during the early enhancement
phase (12). However, in other DESCTs, MonoE with too
low keVs exhibits a high noise level and, consequently,
an impaired image quality (13). In contrast, DLSDCT
facilitates the simultaneous measurement of spatially
and temporally perfectly aligned high- and low-energy
projection datasets, and thus, can utilize the noise
anti-correlation between the detector layers for noise
suppression. A previous study indicated that the image noise
remains relatively low over the whole energy spectrum
from 40 to 200 keV (14). Therefore, the 40 keV MonoE
image recommended by the expert consensus (7) was
used for tumor observation in this study. In addition, ID
could reflect microvessel density and blood supply, and
could serve as a biomarker of tumor vascularity and help
to correctly measure the degree of pulmonary nodule
enhancement (15,16). Therefore, ID may be sensitive to the
enhancement difference between CLC and atelectasis. Also,
some researchers found that the default window width/level
of the DLSDCT MonoE image was not suitable, affecting
observation (17). In the practical process, we also found
that the anatomical structures of 40 keV MonoE, 1D, and
MonoE-ID fusion images were difficult to identify when
using the system default width/level, especially the ID
image, which often requires manual adjustment but does
not have an impact on the tumor measurement. Therefore,
we suggest that the DLSDCT system can be properly
optimized in the default window width/level settings.
Currently, the application of MRI and PET-CT in
differentiating tumors from atelectasis has become a
research hotspot (4,5). Studies have reported that the
differentiation rate of tumors and atelectasis by MRI
T2 weighted image (T2WI) and diffusion weighted
image (DWI) is higher than 80% (18). PET-CT can
easily distinguish tumor and atelectasis areas (19), and
the delineation of tumor volume by MRI and PET-
CT is more accurate than that by conventional dynamic
enhanced CT (20). However, MRI and PET-CT still have
some limitations, among which the low spatial resolution
is difficult to overcome. For example, due to the partial
volume effect, there is a deviation of 7-9 mm between the
PET and the real boundary of the tumor (21), inevitably
reducing the accurate definition of the PET-CT fusion
image's tumor delineation. Moreover, vulnerability to
movement, contraindications of MRI, as well as high
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costs and low popularity of PET-CT restrict their clinical
usage. In this study, we found that the differentiation rate
of the three types of spectral images in the venous phase,
especially ID and MonoE-ID fusion images, was as high as
approximately 75%, and the measurement of the maximal
tumor diameter was reliable. In addition, the excellent
spatial resolution of CT images suggested that spectral
images in the venous phase were sensitive and accurate in
identifying tumors and atelectasis, thus indicating great
clinical application value.

This study has a few limitations that should be noted.
Firstly, we only observed the differentiation rate of CLC
from atelectasis by DLSDCT in this study, so the strengths
and weaknesses of DLSDCT compared with other imaging
modalities, such as MRI or PET-CT, remain unclear.
Secondly, in addition to the spectral images we observed in
this study, DLSDCT can also provide another pseudocolor
spectral image, the Z image. In the practical process, we
found that Z . images were more sensitive to the difference
between tissues, and that inhomogeneity or necrosis within
the tumor could be marked with different colors. However,
Z. images are greatly affected by the window width/level
settings, so it is difficult to determine the tumor boundary
with Z . images alone. Therefore, this study did not involve
Z grelated content, which will be investigated in the future.
Thirdly, similar to other studies, the reliability of the tumor
boundary delineated by DLSDCT remains unclear because
the true boundary is difficult to confirm. Finally, this study
was retrospective and the sample size was small. So multi-
center clinical trials with larger sample will be performed
later.

Conclusions

In this study, we confirmed that the spectral images in
the venous phase of DLSDCT could distinguish most
CLCs from atelectasis, with highly consistent tumor
measurements. DLSDCT could accurately identify the
boundaries of most CLCs with spectral postprocessing
images in routine CT examinations without the need for
other imaging modalities; thus, it has great clinical value
for applications in tumor staging, efficacy evaluation, and
radiotherapy.
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