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Abstract
Background  Mixed ground-glass lung nodules are a high-risk factor for lung adenocarcinoma. This study aimed to analyze 
the value of SDCT electron density imaging in the detection of mixed ground-glass lung nodules (GGNs).
Method  150 patients with GGNs confirmed by chest SDCT and surgical pathology were retrospectively analyzed. GGNs 
were screened by two senior radiologists by the double-blind method based on conventional CT and SDCT electron density 
images. Average CT values and electron density (ED) values of GGNs were measured for all, solid and ground-glass.
Result  Thirty pGGN cases determined by conventional CT were found to be mGGN on electron density images, including 23 
in the invasive adenocarcinoma group (detection rate of 35.38%), which was significantly higher than that of the PGL group 
(14.89%, P < 0.05). In electron density images, average CT values and ED values in the PGL and invasive adenocarcinoma 
groups with pGGNs were no difference. The average CT value and ED value were significantly higher in the mGGN invasive 
adenocarcinoma group compared with the PGL group (P < 0.05). Meanwhile, ROC curve analysis of average CT value and 
ED value revealed AUC values for mGGN infiltration of 0.759 and 0.752.
Conclusion  SDCT can improve GGN visualization and increase the detection rate of mGGN compared with conventional 
CT. Attention should be paid to invasive adenocarcinoma for lung GGNs detected as mGGNs with high average CT value 
or ED value.
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Introduction

With the wide application of low-dose chest CT (LDCT) 
screening, the detection rate of early lung cancer has 
increased significantly (Kim Yeon et al. 2021), and the 
CT manifestations of early lung cancer are often ground-
glass nodules (GGNs). GGNs can be divided into pure 
(pGGNs) and mixed (mGGNs) GGNs according to whether 
there are solid components in GGNs. Although a GGN is a 
non-characteristic manifestation of lung lesion, persistent 
GGNs increase the odds of malignancy (especially mGGNs) 

(Mazzone Peter and Lam 2022). In 2021, the WHO classi-
fied atypical adenomatous hyperplasia (AAH) and adenocar-
cinoma in situ (AIS) as precursor glandular lesion (PGL) in 
the new classification of lung tumors. Invasive adenocarci-
nomas include minimally invasive adenocarcinoma (MIA) 
and invasive adenocarcinoma (ICA) (WHO Classification 
of Tumours Editorial Board 2021). In lung adenocarcinoma 
with GGNs, the degree of invasion of mGGNs is higher than 
that of pGGNs (Peng et al. 2021). Therefore, early identifica-
tion of mGGNs is particularly important. Dual-layer Spec-
tral Detector CT (SDCT) is the latest detector-based energy 
spectrum CT method, which can enable imaging with more 
parameters such as single energy, iodine density and elec-
tron density imaging. Among them, electron density imaging 
can generate electron density-based images that cannot be 
generated by conventional CT. This provides a new way for 
clinical workers to explore the process of disease diagnosis. 
Recent studies have found that the electronic cloud density 
map of SDCT can effectively improve the detection of early 
ground-glass exudate lesion in the lungs of COVID-19 
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patients (Daoud et al. 2021). The purpose of this study was 
to evaluate the detection of GGNs in the lung by SDCT-
based electronic cloud density images and to compare PGL 
and invasive adenocarcinoma.

Materials and methods

Patients

A total of 150 patients with lung GGNs confirmed by plain 
chest SDCT scan and surgical pathology from May 2021 
to September 2021 were enrolled, including 62 males 
and 88 females, aged 25–70  years with an average of 
48 ± 11 years. Postoperative pathology confirmed 57 cases 
in the PGL group (12 AAH and 45 AIS cases) and 93 in the 
invasive adenocarcinoma group (72 MIA and 21 ICA cases). 
Inclusion criteria were: (1) GGNs detected by SDCT, patho-
logically confirmed (gold standard) and untreated; (2) GGN 
diameter ≤ 3 cm in the lung window. Exclusion criteria were: 
(1) other lung tumors; (2) poor image quality. All patients 
were informed and signed informed consent.

CT examinations

Chest scans were performed on dual-layer spectral detector 
CT (IQon Spectral CT, Philips Healthcare). All patients were 
scanned in the supine position, head first. To ensure that all 
lung tissues were covered, scans were performed from the 
thoracic inlet to the costophrenic. Scanning parameters: tube 
voltage 120 kV, automatic tube current modulation, rota-
tion speed 0.33 s/rot; helical pitch 0.938, detector collima-
tion 64 × 0.625 mm, image reconstruction matrix 512 × 512, 
layer thickness 1 mm, layer spacing 0.7 mm. Patients were 
scanned only once, and both conventional CT images and 
Spectral Base Images (SBI) were obtained. Lung window 
(window width: 1500HU, window position: −400 HU) was 
used for image analysis.

Image analysis

GGNs were screened by two senior radiologists with more 
than 5 years of work experience using the double-blind 
method based on conventional CT images. In case of disa-
greement, a third senior radiologist was invited to review the 
data for a consensual discussion. Spectral Base Images (SBI) 
data were transferred to the post-processing workstation to 
reconstruct electron density images. GGNs were screened by 
the same 2 senior radiologists according to electron density 
images. The average CT and electron cloud density values 
of all, solid and ground-glass GGNs were measured, respec-
tively, and the region of interest (ROI) was taken as the 3D 
volume (avoiding blood vessels and the bronchus).

For GGNs, hyperdense shadows in the lung were well or 
poorly defined but not dense enough to mask the moving 
vessels and the bronchus. PGGNs and mGGNs are GGNs 
with and without solid components, respectively (Xiaoju 
et al. 2018). The Electron Density value (ED) displays the 
relative value distribution diagram of the electron density 
corresponding to each voxel, i.e., the ratio of electron den-
sity to that of water, expressed in (%EDW).

Statistical analysis

The SPSS 26.0 software was used for data processing. Count 
data were presented as number (n), and measurement 
data with normal distribution as x ± S. The groups were 
compared by the four-grid Chi-square test and one-way 
ANOVA. Receiver Operator characteristic (ROC) curve 
analysis was performed to assess the diagnostic efficiency 
of average CT value and ED. P < 0.05 was considered sta-
tistically significant.

Results

Lung GGN detection by conventional CT and SDCT

Based on conventional CT, 112 pGGN cases were screened 
by 2 senior physicians, including 47 in the PGL group (10 
AAH and 37 AIS cases) and 65 in the invasive adenocar-
cinoma group (52 MIA and 13 ICA cases). There were 38 
mGGN cases, including 10 in the PGL group (2 AAH and 
8 AIS cases) and 28 in the invasive adenocarcinoma group 
(20 MIA and 8 ICA cases). The same two senior physi-
cians assessed the cases based on the electronic cloud den-
sity map, and found that 30 PGGNs were mGGNs, with a 
20.00% increase compared with conventional CT. Accord-
ing to electron density imaging, 82 pGGNs were screened, 
including 40 in the PGL group (10 AAH and 30 AIS cases) 
and 42 in the invasive adenocarcinoma group (32 MIA 
and 10 ICA cases). There were 68 mGGNs, including 17 
in the PGL group (2 AAH and 15 AIS cases) and 51 in 
the invasive adenocarcinoma group (40 MIA and 11 ICA 
cases), as shown in Table 1. According to electron density 
images, among 112 pGGN cases, 23 mGGNs (detection rate 
of 35.38%) were detected in the invasive adenocarcinoma 
group, and 7 (detection rate of 14.89%) in the PGL group. 
The difference in detection rates between the two groups was 
statistically significant (X2 = 5.840, P = 0.016).

Average CT and ED values

In the 30 new mGGN cases, average CT values for the 
solid and ground-glass parts were −500.87 ± 124.42 HU 
and −696.07 ± 77.40 HU, respectively, and average ED 
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values were 45.80 ± 11.90% and 30.01 ± 7.80%, respec-
tively.  The differences were statistically signifi-
cant (T =  −7.296 and T =  −6.077, respectively; both 

P = 0.000), as shown in Figs. 1, 2. On electron density 
images, the average CT values of the PGL and invasive 
adenocarcinoma groups with pGGN were −651.18 ± 82.62 
HU and −665.59 ± 81.01 HU, respectively, and aver-
age ED values were 33.11 ± 8.44% and 30.98 ± 7.56%, 
respectively. The differences were not statistically sig-
nificant (T = 0.797, P = 0.428 and T = 1.196, P = 0.235, 
respectively), as shown in Fig. 3. On electron density 
images, average CT values for the PGL and invasive 
adenocarcinoma groups with mGGNs −643.74 ± 61.66 
HU and −555.39 ± 95.37 HU, respectively, while aver-
age ED values were 33.79 ± 5.50% and 43.05 ± 10.29%, 
respectively. The differences were statistically significant 
(T = 3.569 and T = 3.531, respectively; both P = 0.001). At 
the same time, ROC curve analysis was performed for 
average CT and ED values, and AUCs for identifying 
mGGN infiltration were 0.759 and 0.752, respectively, as 
shown in Fig. 4.

Table 1   GGNs detected by conventional CT and electron density 
imaging

GGNs ground-glass lung nodules, pGGN pure ground-glass lung nod-
ule, mGGN mixed ground-glass lung nodule, PGL precursor glandu-
lar lesion

Conventional CT image Electron density image

PGL Invasive adeno-
carcinoma

PGL Invasive 
adenocarci-
noma

pGGN 47 65 40 42
mGGN 10 28 17 51
Total 57 93 57 93

Fig. 1   A1 Conventional CT image, with a nodule in the anterior seg-
ment of the upper lobe of the right lung showing a pGGN (red box). 
A2 Electron density image, with a nodule in the anterior segment of 

the upper lobe of the right lung being a mGGN (red box); A3 Patho-
logic map (1.5x, H&E staining) of a MIA, with unclear local bound-
ary of the tumor and ununiform distribution

Fig. 2   A1 Conventional CT image, with a nodule in the posterior seg-
ment of the upper lobe of the right lung showing a pGGN (red box). 
A2 Electron density image, with a nodule in the posterior segment of 

the upper lobe of the right lung being a mGGN (red box). A3 Patho-
logic map (1.5x, H&E staining) of an ICA, with unclear boundary of 
the tumor, ununiform distribution and local collapse of the air cavity
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Discussion

At present, lung cancer is one of the tumors with a high 
incidence worldwide, and its mortality still ranks first 
(Sung et  al. 2021). The clinicopathological character-
istics of lung adenocarcinoma with GGNs are different 
from those of pure lung adenocarcinoma, and GGNs have 
become a special clinical subtype (Ye et al. 2019). Accord-
ing to lung-RADS (Pulmonary Imaging Reporting and 
Data System), aggressive treatment of mGGNs is 
more cost-effective than pGGNs (Hammer Mark et al. 
2021). Therefore, how to accurately evaluate the character-
istics of pulmonary nodules and provide a strong reference 

for clinical diagnosis and treatment strategies has become 
an urgent need. In recent years, with the development of 
the computer technology, a series of auxiliary diagnos-
tic systems for pulmonary nodules have emerged. Stud-
ies have pointed out that the use of pulmonary nodular 
auxiliary diagnostic systems can effectively describe the 
characteristics of GGNs, determine GGN aggressiveness 
before surgery, and help clinicians develop personalized 
treatment strategies (Hui et al. 2022; Li et al. 2022a). How-
ever, the application of these auxiliary diagnostic systems 
in clinic is limited and the standards are inconsistent, 
and clinicians cannot intuitively observe pulmonary nod-
ules. This study attempted to observe the characteristics 
of lung GGNs using electron density imaging of SDCT, to 
increase the detection rate of lung mGGNs and compare 
PGL and invasive adenocarcinoma cases.

Influence of solid components of lung GGNs 
on pathological classification

In this study, electron density imaging detected 30 more 
mGGN cases than conventional CT, with a 20.00% increase 
in the detection rate. Conventional CT cannot directly reveal 
electron density, which usually needs to be obtained by CT 
value conversion. However, SDCT can yield electron den-
sity directly through a conventional scan without CT value 
conversion, and results are more accurate than those of 
conventional CT. On electron density images, the average 
CT and ED values of the relatively real part of mGGNs are 
higher than those of the ground-glass part, suggesting that 
the internal density of pGGN detected by conventional CT 
is uneven, which is shown as mGGNs on electron density 
images. Compared with lung cancer with solid nodules, lung 
cancer with GGNs is characterized by inhibited metabolism 
and inactive immune microenvironment, which may be the 
mechanism of its clinically inert progression (Chen et al. 
2021). The amounts of solid components in lung GGNs are 
highly correlated with the degree of pathological invasion. 

Fig. 3   A1 Conventional CT image, with a nodule in the dorsal seg-
ment of the lower lobe of the right lung showing a pGGN (red box). 
A2 In the electron density image, a nodule in the dorsal segment of 

the lower lobe of the right lung still showing a pGGN (red box). A3 
Pathologic map (1.5x, H&E staining) of an AIS, tumor with clear 
boundary and uniform distribution

Fig. 4   On electron density images, ROC curve analysis of average 
CT and ED values in the PGL and invasive adenocarcinoma groups 
(mGGNs)
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When a GGN contains solid components, the probability 
of adenocarcinoma is as high as 90% (Hattori et al. 2021; 
Ma et al. 2021). This study found that among 30 mGGN 
cases, the detection rate was significantly higher in the 
invasive adenocarcinoma group compared with the PGL 
group (35.38% vs 14.89%), indicating that mGGNs are 
more likely to progress to adenocarcinoma. According to 
previous findings, GGNs with clear boundary, lobulated 
shape and scattered irregular solid components are prone to 
vicious transformation (Li et al. 2022b). Some GGNs in this 
study showed irregular solid components on electron density 
images, which was confirmed by postoperative pathology as 
invasive adenocarcinoma (Fig. 3). Scholars have pointed out 
that using artificial intelligence to analyze the image char-
acteristics of solid components and ground-glass compo-
nents in GGNs would help diagnose the invasiveness of lung 
adenocarcinoma, and show better predictive performance 
than the conventional gross tumor model (Wu et al. 2020). 
At the same time, Li Yanmeng et al. found that a higher 
proportion of solid components in GGNs are accompanied 
by higher mutation frequencies in EGFR, TP53, RBM10 
and ARID1B through radiogenomic analysis, indicating that 
these genes play roles in the progression of lung cancer (Li 
et al. 2020). Ding Hongdou et al. pointed out that for GGNs 
larger than 3 cm, the size of the solid component can predict 
lymph node metastasis and prognosis better than the overall 
size, and clinical T staging should be based on the size of 
solid components rather than the overall size of the tumor 
(Ding et al. 2019). Electron density imaging in this study 
could detect more mGGNs and clearly display its internal 
components, which would provide a new approach for sub-
sequent research. Studies suggested that lung GGNs should 
not be ignored, even if less than 6 mm and stable for 5 years, 
especially when new solid components occur during follow-
up (Lee et al. 2019). For patients with lung GGNs, electron 
density imaging is expected to detect solid components in 
the lesion early during follow-up, providing a strong basis 
for early clinical intervention.

Effects of CT and ED values of lung GGNs 
on pathological classification

The maximum CT value in lung GGNs may reflect hemor-
rhage and calcification in nodules, while the minimum CT 
value reflects the remaining air cavity or bronchus in nod-
ules. Therefore, there may be errors in selecting the maxi-
mum or minimum CT value for identification. Whether the 
measurement of average CT value of lung GGNs can effec-
tively identify the nature of GGNs, most scholars believe 
that the average CT value of invasive adenocarcinoma is 
higher than that of PGL, and in case the average CT value 
increases during follow-up of the nodule, clinical interven-
tion should be carried out (Gao et al. 2020; Tamura et al. 

2014). In this study, average CT value in the invasive ade-
nocarcinoma cases with mGGNs was significantly higher 
than that of the PGL group, corroborating with most stud-
ies. However, some scholars believe that the average CT 
value of lung GGNs cannot distinguish between PGL and 
invasive adenocarcinoma cases, which may be caused by the 
difference of collected case samples (different sample con-
tents of pGGNs and mGGNs). Fu Fangqiu et al. found that 
in pGGN cases, nodular size was the only imaging param-
eter related to tumor invasion, and the average CT value 
had no advantage in differentiating pathological types (Fu 
et al. 2021), which was consistent with the results of this 
study, which may be related to PGL and MIA, the majority 
of tumor pathological types presenting pGGN.

As shown above, the mean CT and ED values of SDCT 
can effectively detect mGGN infiltration (AUCs of 0.759 
and 0.752, respectively). The electron cloud density of 
SDCT is the relative value distribution diagram showing 
the electron density corresponding to each voxel, and the 
ED value is the ratio of electron density to water. Recent 
findings have shown that ED effectively differentiates 
between benign and malignant GGNs in the differential 
diagnosis of lung GGNs by plain SDCT images (Qiu et al. 
2022), which is consistent with the results of this study.

In conclusion, compared with conventional CT, SDCT 
can improve GGN visualization, increases the detection 
rate of mGGNs, and better evaluates the pathological clas-
sification of GGNs before surgery.Attention should be paid 
to invasive adenocarcinoma for lung GGNs detected as 
mGGNs with high average CT value or ED value. Due to the 
small sample size included, ICA cases were the least, which 
may have selection bias and need further investigation.
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