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Abstract
Objective  To discuss CT imaging characteristics of invasive adenocarcinoma of lung(IACL).

Methods  CT revealed the nodule of lung which pathology confirmed as IACL of 290 cases. Imaging data were 
retrospectively analyzed by dividing into high-risk group of 115 cases and low-risk group of 175. Three dimensional 
(3D) and magnified technology were used to show the nodules, which were observed and measured. Data of density, 
size and location of nodule were collected, and T-test or Chi-square test were performed.

Results  In 290 cases with IACL, all lesions appeared as nodule with lobulated and vascular/cord shadows, which can 
be clearly shown by the 3D and magnified images. 153 (52.8%) were solid nodule, 43 (14.8%) sub-solid, 29 (10.0%) 
ground glass and 65 (22.4%) nodule with cavity or vacuole. Nodules less than 1 cm were in 19 cases (6.5%), 1–2 cm 
in 180 (62.1%) and 2–3 cm in 91(31.4%).Nodules with spherical growth were in 109 cases (37.6%), non spherical 
growth in 181 (62.4%). Nodules with equal or less than four vascular/cord shadows were in 61 cases (21.1%) and 
more than four in 229 (78.9%). There are significant differences between high-risk and low-risk groups in density, size, 
and vascular/cord shadows (P < 0.05), no significant difference in nodule location and growth direction (P > 0.05).The 
growth angle were shown to be 45 ° or 135 ° in 144 (79.6%)cases, there was significant difference in the growth angle 
of sagittal plane between on the right and left (P = 0.032).

Conclusion  Magnified and 3D technology can clearly show the features of IACL, which are lobulated nodule with 
vascular/cord shadows, and the most are solid nodule. Nodule with cavity or vacuole and less than 2 cm more appear 
in low-risk group. Growth angle may reflect the growth pattern of IAC and the pathological characteristics.
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Lung cancer is one of the most common malignant tumors 
in the world, and its mortality rate ranks first among malig-
nant tumors. Lung adenocarcinoma is type of non-small 
cell cancer and originates from bronchial mucosal epithe-
lium and mucous glands. Its incidence rate has replaced 
that of squamous cell carcinoma as the first histological 
type of lung cancer in China [1–4]. In the International 
Association for the Study of Lung Cancer (IASLC), Amer-
ican Thoracic Society (ATS) and European Respiratory 
Society (ERS) jointly developed the International Multi-
disciplinary New Classification of Lung Adenocarcinoma 
(LAC) in 2011, invasive adenocarcinoma of lung (IACL) 
was classified into five subtypes: acinar, adherent, papil-
lary, micropapillary and solid dominant (New classifica-
tion of lung adenocarcinoma: when the proportion of 
micropapillary components in the tumor exceeds 5%, it is 
defined as micropapillary type. For other types, all growth 
patterns of invasive lung adenocarcinoma in the observa-
tion field are recorded in increments of 5%. Finally, the 
growth pattern with the highest percentage is defined as 
the main pathological subtype of LAC) [5, 6]. Researchers 
have revealed that patients with IACL mainly composed 
of micropapillary or solid structures have poor survival 
prognosis and higher recurrence rates [7–10]. In this arti-
cle, the IACL were divided into high-risk group includ-
ing micropapillary or solid structures, and low-risk group 
including acinar, adherent and papillary structures. The 
relevant imaging features were discussed.

Materials and methods
Research subjects
290 patients with postoperative pathological diagnosis of 
IACL were collected, who underwent chest CT examina-
tion in our hospital from October 2018 to October 2023, 
their data of CT images were retrospectively analyzed. 
Inclusion criteria: ① Preoperative chest CT with plain 
scan and enhanced scan; ② The maximum diameter of 
single pulmonary nodule (≤ 30  mm) measured on CT 
image; ③ Postoperative pathological diagnosis of IACL; 
④ Complete pathological data. Exclusion criteria: ① Poor 
CT image quality; ② Patients with unclear pathological 
subtype; ③ Multiple nodules in the lungs or recurrent 
nodules after surgery. Among 290 patients, there were 
136 males and 154 females, with an age range of 25–86 
years and a mean of 60.3 ± 10.1 years. Two groups were 
divided according to pathological subtypes, one was the 
high-risk with 115 cases including 102 of micropapil-
lary type and 13 of solid type, the other was the low risk 
group with 175 cases including 142 of acinar type, 18 of 
adherent type and 15 of papillary type.

Equipment and methods
CT scanning equipment included the IQon spectral 
CT, Ingenuity spiral CT and Flash dual-source CT. The 

patient was on supine position and both of hands raised 
and held on his head. The scan was performed after 
holding the breath at the end of deep inhalation. Scan-
ning range: from the entrance of the chest to the bot-
tom of the lungs. Scanning parameters: collimator of 
0.625 mm, pitch of 1.2 mm, tube voltage of 120 KV with 
the automatic adjustment of tube current, matrix size 
of 512 × 512, image thickness of 1.25  mm. All patients 
underwent plain CT and enhanced scan by injecting 
70  ml of Levofloxacin (containing 300  mg/ml iodine, 
Bayer) through the elbow vein at rate of 3.0  ml/s, and 
CT arterial and venous phase images were obtained with 
delays of 25s and 60s, respectively.

Image processing and data analysis
A research group of three radiologists (one of whom was 
the senior physician, used the unified and standardized 
3D image processing techniques and nodule measure-
ment methods to minimize perceived differences. There 
are uncertain situations that need to be discussed and 
completed by three radiologists together) performed 
the image processing and data collection: ① selected the 
images of CT plain scan, arterial phase and venous phase 
of patients with IACL; ② uploaded the selected images to 
3D image workstation, the lesion were observed and dis-
played by 3D imaging in the cross-sectional, sagittal and 
coronal planes; ③ the local image of lesion was magnified 
as the same proportion and set the same window level 
and width(-200,1500); ④ the lesion was observed and 
measured (Figs. 1 and 2), including the location, density 
and size of lesion, and the vascular/cord shadows (equal 
or less than four and more than four), pleural indenta-
tion sign, growth mode (the spherical or no-spherical 
growth), growth direction (in the cross-sectional, sagittal 
and coronal plane ) and growth angle (composed of the 
longest diameter of lesion and the horizontal line. A°=0 
indicated − 22.5 < A°<22.5, A°=45 indicated 22.5–67.5, 
A°=90 indicated 67.5 < A°<112.5 and A°=135 indicated 
112.5-157.5). These data were statistical analyzed by 
t-test or chi-square test, P < 0.05 indicated the signifi-
cant differences. All the study process see the flowchart 
(Fig. 3).

Result

1.	 General imaging features of IACL: In 290 patients 
with IACL, all lesions appeared as nodule with 
lobulated or irregular changes in the images 
of conventional CT and 3D imaging, which 
clearly showed all the signs with the magnified 
technFig. (Fig. 4). The image density of lesions was 
classified as the solid in 153 cases (52.8%), sub-
solid in 43 cases (14.8%), ground glass in 29 cases 
(10.0%), and nodule with cavity or vacuole in 65 
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cases (22.4%). The longest diameter of lesions was 
classified as the less than 1 cm in 19 cases (6.5%), 
more than or equal to 1 cm and less than or equal to 
2 cm in 180 cases (62.1%), and more than 2 cm and 
less than 3 cm in 91 cases (31.4%). 260 cases (89.7%) 
showed bronchial or vacuole sign within the nodules, 
109 cases (37.6%) were the spherical growth and 181 
cases (62.4%) were the no-spherical. 61 cases were 
found the vascular/cord shadows around nodule 
( ≦ 4), 229 cases (78.9%) were found the vascular/

cord shadows (> 4 ). 173 cases (59.7%) were found 
the pleural indentation Fig. (Figures 5 and 6). There 
were significant differences in lesion density, size and 
vascular/cord shadows between the high and low-
risk groups (P < 0.05, Table 1).

2.	 No-spherical growth direction and angle: Among 
181 cases with IACL of no-spherical growth, 52 cases 
(28.7%) showed growth direction in the cross section, 
71 (39.2%) in the sagittal plane and 58 (32.1%) in the 

Fig. 2  The left image showed that the lung nodule with no-spherical growth and the longest diameter in the coronal plane with 16 mm. The right image 
shows the growth direction in the coronal plane and growth angle, which was composed of the longest diameter (4) and horizontal plane (1), and the 
growth angle was approximately 135°

 

Fig. 1  A images showed the lesion by 3D images in the cross-sectional, sagittal and coronal planes; B images showed the lesion with the magnified 
technology
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coronal plane. There were 86 (47.5%) cases on the 
left and 95 (52.5%) on the right. 67 cases (37.02%) 
were in the high-risk group and 114 (62.98%) in the 
low-risk group. There was no significant difference 
in the growth direction between the left and right, 
high and low risk groups (P > 0.05, Table 2). The 
growth angle were shown to be 45 ° in 81 cases 
(44.8%) and to be 135 ° in 63 cases (34.8%). There was 
significant difference in the growth angle of sagittal 
plane between on the right and left (P = 0.032), while 
no significant difference in the other growth angle 
(P > 0.05, Tables 2 and 3).

3.	 Growth pattern and location distribution: 109 cases 
of spherical growth were located in the lower lobe in 
53 cases (48.6%), and in the upper lobe in 41 cases 
(37.6%). In the 181 cases of no-spherical growth, 
of which 52 cases of cross-sectional growth were 
located in the upper lobe in 30 cases (57.7%), 71 
cases of sagittal growth were located in the upper 
lobe in 35 cases (49.3%) and 58 cases of coronal 
growth were located in the lower lobe in 38 cases 
(65.5%). In the 115 cases of high-risk group, lesions 
in the lower lobe accounted for 51 cases (44.3%), in 
the upper lobe 47 (40.9%); While in the 175 cases of 
low-risk group, in the lower lobe 74 cases (42.3%), 
in the upper lobe 72 (41.1%). No-spherical growth 
in the sagittal plane, lesions were on the right 

accounted for 43/71 cases (60.6%), on the left 28/71 
(39.4%). Statistical analysis showed no significant 
difference in the lesion location between the left and 
right groups, as well as between the high-risk and 
low-risk groups (P > 0.05, Table 4).

Discuss
Imaging morphological characteristics of IACL
For the histological classification criteria, lung adeno-
carcinoma classify into three categories: pre-invasive, 
microinvasive and invasive adenocarcinoma (IACL). 
Among them, IACL is mainly divided into five patho-
logical subtypes: acinar type, lepidic type, micropapillary 
type, papillary type and solid type. In this article divided 
them into the high and low-risk groups for related dis-
cussions, which is beneficial for improving the level of 
clinical imaging diagnosis and the selection of treatment 
plans [5, 6, 11–13]. The results of this study showed that 
the morphological characteristics of IACL that included 
① the lesion appeares as nodule with lobulated or irregu-
lar shapes. ② the most is the solid nodule and the second 
is the cavity or vacuole within the nodule. ③ the nodules 
are mostly 1–2 cm in size. Some of these imaging features 
are consistent with literature reports, while the others 
have not been reported[1,2,]. There are statistically signifi-
cant difference in lesion size between the high-risk and 
low-risk groups of IACL. The lesions of 1–2  cm in the 

Fig. 3  The flow chart showed the whole research process and data processing
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high-risk group are less than that in the low-risk group, 
while the lesions of 2–3  cm in the high-risk group are 
more than that in the low-risk group. This may be due to 
the relatively slow growth of lesion in the low-risk group 
and fast growth of lesion in the high-risk group, the rela-
tively smaller size of IACL were discovered in the low-
risk group, and the relatively larger one in the high-risk 
group. That reveal the pathological subtypes are closely 
related to tumor diameter [14–17]. The lobulated sign or 
irregularity of lesions present as the uneven arc-shaped 
or petal like appearance in the contour of lesion. It was 
found in the every lesion in the high- and low-risk groups 
of IACL without do the quantitative study which was a 
deficiency or regret. The formation reasons are the dif-
ferential differentiation of tumor cells or the resistance 
from adjacent lung tissue, resulting in the tumor uneven 
growth. Our study found that the nodule was displayed 

more clearly and intuitively by CT three-dimensional 
imaging and magnification image than conventional 
image.

Imaging internal features of IACL
The internal features of lesion include the density, air 
bronchial shadow or vacuole within the nodule. This 
study found that these lesions were most commonly 
manifested as the solid nodules, which appeared more 
frequently in the high-risk group than in the low-risk 
group. Secondly, nodule with cavity or vacuole appeared 
more frequently in the low-risk group than in the high-
risk group. In this article, authors used the new type of 
cavity within nodule, which can distinguish from the 
solid, sub-solid and ground glass nodule, and there are 
many cases in clinical practice. Of course, is the type 
necessary? which should be further more explorations 

Fig. 4  The images of conventional CT(upper left, showing the lesion annotated by the straight arrow and 3D imaging (upper right in cross section, lower 
left in sagittal plane and lower right in coronal plane, clearly showing the lesion and vascular/cord shadows annotated by the curved arrow)
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and discussions. However, about the visual classifica-
tion, it has the characteristics of simplicity and objectiv-
ity and is worthy of further research [16]. Air bronchial 
sign or vacuole sign is the appearance of strip or small 
air shadows in the lesion. This phenomenon is caused 
by the growth of tumor cells attached to the bronchial 

wall and bronchial lumen was been preservation. It’s also 
possible for that the residual lung tissue has not been 
filled or destroyed by tumor tissue. Researchers have 
reported that the bronchial or vacuole sign is mainly seen 
in the lepidic adenocarcinoma with the well differen-
tiation, which has relatively weak invasion ability and its 

Fig. 6  Low risk group patients Case 3 (3a, 3b, 3c) and Case 4 (4a, 4b, 4c): Case 3 was the solid nodule with spherical growth, obvious lobulation sign, 
vascular/cord shadows (fine arrow in 3a, 3c) and pleural indentation sign (star in 3b). Case 3 was the nodule with cavity or vacuole (round dot in 4a, 4b, 
4c), no-spherical growth in the coronal plane, vascular/cord shadows and the growth angle of 45°

 

Fig. 5  High risk group patients of Case 1 (1a, 1b, 1c) and Case 2 (2a, 2b, 2c): Case 1 was the solid nodule with the lobulated sign (straight arrow in 1a) 
and vascular/cord shadows (fine arrow in 1b), with no-spherical growth in coronal plane and the growth angle of 135 °(curved arrow in 1c). Case 2 was 
sub-solid nodule with no-spherical growth in cross section, with the irregular shape, bronchial shadow (arrow head in 2a), vascular/cord shadows (fine 
arrow in Fig. 2b) and pleural indentation sign (star in 2c) 
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biological behavior usually manifests as low-grade malig-
nancy [17, 18]. However, our result does not support this 
viewpoint, because there was no significant statistical dif-
ference in the occurrence of the bronchial or vacuole sign 
between the high-risk and low-risk groups, that require 
further studies for verification.

The related characteristics of growth pattern and direction 
of IACL
The imaging signs of lung adenocarcinoma are complex 
and diverse, IACL are often discovered by physical exam-
inations or accidental discovery because of the other dis-
ease examinations. Making qualitative diagnosis of IACL 
is difficult. Clinical diagnosis often relies on pathologi-
cal diagnosis from the surgery or puncture. CT imaging 
is a valuable application technology, but there have been 
no relevant reports on observing the adenocarcinoma 
growth mode and evolution process by CT. Our study 
found that IACL growth direction was spherical in 109 
cases (37.6%) and no-spherical in 181 cases (62.4%), The 
no-spherical growth is the more common than the spher-
ical. This also reflects the characteristic of uneven growth 
of adenocarcinoma and high degree of malignancy [15, 
16]. Of course, the spherical growth is relative and local 
imbalances of lesion must be found. No-spherical growth 
can be in the directions of cross-sectional, sagittal and 
coronal planes, there were 67 cases (37.02%) in the high-
risk group and 114 cases (62.98%) in the low-risk group, 
it indicates a higher incidence of no-spherical growth in 
the low-risk group, but there was no statistically signifi-
cant difference in the growth direction between the left 
and right, high- and low-risk groups. The growth angles 
were more found at 45 ° and 135 °(79.6%). The explana-
tion for this result may be that the lesion grows along the 
long axis of the bronchioles, but further data confirma-
tion and proof are needed for this inference. Statistical 
analysis showed that there was significant difference in 

Table 1  CT imaging features of 290 cases of invasive lung 
adenocarcinoma
Groups High 

Risk(115)
Low 
Risk(175)

X2 P

Density Solid 80 73 27.21 0.000*

Sub-solid 16 27
ground glass 9 20
With cavity or 
vacuole

10 55

Size < 1 3 16 7.663 0.022*

1 ≦ A ≦ 2 68 112
2 < A < 3 44 47

Bronchial/
vacuole 
signs

yes 102 158 0.189 0.664
no 13 17

Growth 
mode and 
direction

Spherical 48 61 3.257 0.355
Cross section 22 30
Sagittal plane 22 49
Coronal plane 23 35

Vascular/
cord 
shadows

≦ 4 37 24 14.24 0.000*

> 4 78 151

Pleural 
indentation 
sign

yes 76 97 3.276 0.070
no 39 78

* P < 0.05

Table 2  Comparison of no-spherical growth direction of 181 
cases with IACL
Groups Left Right High risk group Low risk group
Cross section 29 23 22 30
Sagittal plane 30 41 22 49
Coronal plane 27 31 23 35
  X2 2.230 1.905
  P 0.328 0.386

Table 3  Comparison of growth angle of 181 cases between the left and right/the high and low risk group
Groups Left Right X2 P

H-Risk36 L-Risk 50 X2 P H-Risk31 L-Risk64 X2 P
Cross section 0° 0 0 1.888 0.540 0 0 0.549 1.000 3.047 0.228

45° 4 5 6 6
90° 1 5 2 3
135° 7 7 2 4

Sagittal plane 0° 0 0 2.260 0.379 0 0 1.253 0.666 6.893 0.032*
45° 4 5 4 17
90° 3 8 1 5
135° 6 4 4 11

Coronal plane 0° 0 2 2.702 0.555 0 0 0.660 0.874 2.384 0.295
45° 7 6 6 11
90° 1 1 2 3
135° 3 7 4 4

*P < 0.05, H-Risk = high risk groups, L-Risk = low risk groups
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growth angle of the sagittal plane between on the right 
and left. This implicate that there are certain differences 
in the growth angle of lung adenocarcinoma. About the 
growth direction and angle of IACL, at present, there 
are no any relevant report of literature, but the authors 
believe that are related to the growth pattern of IACL, 
which reflects the pathological characteristics [19, 20].

Distribution characteristics of IACL location
IACL is more common in the peripheral lung cancer, 
which occurs the segmental bronchus and the distal, and 
the lesion distribution has no obvious characteristics [15, 
21]. Our results show that there are fewer lesions located 
in the middle lobe or tongue segment, which is not com-
pletely consistent with the reported by Li Yun et al. [21], 
who found that lesions appear more in the upper and 
middle lobes, and it is believed that may be related to the 
difference in the blood perfusion. The upper lung field 
has less blood perfusion, while the oxygen concentration 
in the alveolus is relatively high, which may be beneficial 
for the lesion growth. We found the nodule of spheri-
cal growth and coronal growth are mostly located in 
the lower lobe, while that of cross-sectional and sagittal 
growth are mostly located in the upper lobe. Nodule in 
the lower lobe accounted for 51/115 cases (44.3%) in the 
high-risk group, while 74/175 cases (42.3%) in the low-
risk group, but statistical analysis showed no significant 
difference in the lesion distribution in lung between the 
left and right groups, as well as the high-risk and low-risk 
groups. Our results indicate that there is no differential 
diagnostic value from the lesion distribution of IACL, but 
authors found the more lesions in the upper and lower 
lobes.The reason for more lesions in the lower lobe may 
be related to smoking and air pollution, which the bron-
chi and alveoli in the lower lobe of lungs are more sus-
ceptible to harmful substances from tobacco or air. In 
addition, age and weakened immune system function can 
also lead to involvement of the lower lobe of the lungs 
[22, 23].

Peripheral features of IACL lesion
The peripheral features of IACL include the vascu-
lar/cord shadows and pleural indentation sign. Pleural 
indentation sign refers to the triangular or linear shadow 
between the tumor and pleura. Its pathological basis is 
fibrosis of the surrounding lung tissue and scar formation 
within the tumor, which affects and causes the pleural 
traction. The sign usually associated with the malignant 
biological behavior of the tumor [15, 21]. The vascular/
cord shadows refers to the concentration of blood ves-
sels or increased lymphatic vessels around lesion. The 
pathological basis is the abnormal thickening of blood 
or lymphatic vessels, and the traction from the fibrosis 
of lesion [17, 21]. Our results showed that vascular/cord 
shadows account for 100%, and more than 4 vascular/
cord shadows for 78.9%. The signs are more in the low-
risk group than the high-risk. The formation reasons of 
vascular/cord shadows are the thickening of bronchial 
vascular bundles and the dilation of small arteries and 
veins around the lesion, which can be seen in many dis-
eases affecting blood vessels, bronchi, and fibrous con-
nective tissue. However, different diseases have different 
characteristics, but it appears much more in malignant 
nodules than in benign nodules [21, 25–29]. The occur-
rence of pleural indentation sign was about 59.7%, and 
there was no difference between the high-risk group and 
the low-risk. The relevant literature reported [29–31] 
that pleural indentation sign and vascular/cord shadows 
can not reflect the different pathological subtype and 
cannot be used as the differential basis for the patho-
logical subtypes. Then, our results showed the vascular/
cord shadows present in IACL with the universal and 
characteristic, and rarely appears in benign nodule, it can 
become a sign of identifying benign and malignant nod-
ule or the degree of differentiation of adenocarcinoma 
[26, 31]. This result can be related to the observation of 
3D imaging and magnified image that have good ability 
to distinguish fine vessels, especially in the size measure-
ments, external shape and internal density of lesion, and 
the counts of vascular/cord shadows and observing the 

Table 4  Growth direction and location distribution of 290 cases with IACL
Groups and location
(cases)

High Risk (115 cases) Low Risk(175 cases) X2 P
S1 − 3
(47)

S4 − 5
(17)

S6 − 10
(51)

S1 − 3
(72)

S4 − 5
(29)

S6 − 10
(74)

spherical growth
(109 )

Left (52) 10 3 11 12 6 10 4.065 0.668
Right (57) 8 2 14 11 4 18

Cross section
(52)

Left (26) 7 2 2 10 2 3 3.018 0.807
Right (26) 4 3 4 9 2 4

Sagittal plane*
(71)

Left (28) 7 2 3 10 3 3 3.998 0.677
Right (43) 3 2 5 15 8 10

Coronal plane*
(58)

Left (27) 2 2 7 1 2 13 8.017 0.237
Right (31) 6 1 5 4 2 13

* Added the compared pairwise between the four data of the sagittal and coronal planes, there all was no significant difference (P > 0.05)
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relationship between the lesion and surrounding struc-
tures [32, 33].

Study shortcomings and improvements
① The old standard of defined the subtypes of lung ade-
nocarcinoma was used, the results certainly have certain 
shortcomings, but they also demonstrate good com-
parative value and propose a new research direction: the 
impact of new and old standards on CT imaging diagno-
sis and clinical prognosis [7, 34, 35].② The nodule clas-
sification was relying on subjective visual assessments, it 
should increase the other classification based on quan-
titative CTR (consolidation-to-tumor ratio) values and 
compare their differences.③ About the study on the rela-
tionship between CT imaging features and high-risk/low-
risk lesions, it should increase the formation mechanism 
of imaging features and consider introducing predictive 
modeling techniques.④ This is a retrospective study and 
there may be data bias or missing data. The results should 
be interpreted with caution and further validated through 
prospective studies.⑤About the “No-spherical growth 
angle and Growth direction and location distribution”, it 
need to expand the sample size and further conduct the 
statistical comparative research.

Conclusion
Overall, our results displayed that magnified image and 
3D technology can clearly show the features of IACL, 
which are shown as the nodule with the lobulated or 
irregular, bronchial or vacuole sign and vascular/cord 
shadows. No-spherical growth are exceeding 50% and the 
growth angle of 45 ° and 135° are common. Most of nod-
ule are the solid, the nodule with cavity or vacuole and 
less than 2 cm in low-risk group are more than the high-
risk. Lower lobe lesions are more common in spherical 
growth and coronal growth, while upper lobe lesions are 
more in cross-sectional and sagittal growth.
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