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Background: We aimed to analyze the relationship between pulmonary adenocarcinoma
patients with vascular tumor thrombus and nerve invasion and different CT features.
Methods: The preoperative CT scanning data of 86 patients with lung adenocarcinoma
who underwent surgical resection in our hospital from January 2020 to January 2022
were analyzed in the form of retrospective analysis. The CT images of all patients were
observed, and the relationship between them and vascular tumor thrombus and nerve
invasion of lung adenocarcinoma was analyzed. At the same time, the sensitivity,
specificity, and accuracy of enhanced CT and plain CT were compared to evaluate the
diagnostic efficacy of both.
Results: The results showed that the vascular tumor thrombus of lung adenocarcinoma
was mainly related to the solid components and lobulated and calcified tumors in CT
images, and the nerve invasion of lung adenocarcinoma was mainly related to the
tumors with bronchial inflation sign in CT images (P < 0.05). The sensitivity, specificity,
and accuracy of enhanced CT in the diagnosis of vascular tumor thrombus were
78.26%, 96.83%, and 91.86%, respectively, and the sensitivity, specificity, and
accuracy in the diagnosis of nerve invasion were 75.00%, 98.72%, and 96.51%,
respectively. The sensitivity, specificity, and accuracy of plain CT in the diagnosis of
vascular tumor thrombus were 43.48%, 92.06%, and 79.07%, respectively, and the
sensitivity, specificity, and accuracy in the diagnosis of nerve invasion were 25.00%,
94.87%, and 88.37%, respectively. The contrast showed that the sensitivity and
accuracy of enhanced CT were higher than those of plain CT (P < 0.05), but the
difference of specificity was not obvious (P > 0.05).
Conclusions: Solid components and lobulated and calcified tumors in CT signs are
closely related to vascular tumor thrombus of lung adenocarcinoma, while patients
with bronchial inflation sign are related to nerve invasion.
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INTRODUCTION

Lung cancer is a common malignant tumor in clinical practice.
Its incidence rate and mortality rate rank first in China.
According to the relevant survey, the incidence rate of lung
cancer is increasing year by year in China. The incidence rate
in male population is the highest, and lung adenocarcinoma is
the most common, accounting for 45.5% (1) of all lung cancer
patients. Surgical resection is an effective way to treat lung
adenocarcinoma, but the survival and recurrence of patients
are still difficult to guarantee. It has been reported that the
survival time and disease recurrence of patients with lung
adenocarcinoma after the operation are mainly affected by
vascular tumor thrombus, and vascular tumor thrombus and
nerve invasion are also important risk factors for lymph node
metastasis of lung adenocarcinoma (2). At present, the clinical
diagnosis of vascular cancer thrombus and nerve invasion is
mostly confirmed by postoperative pathology, but it is the lack
of predictability that is easy to cause patients to miss the best
operation opportunity. Therefore, it is very important to find
a more effective diagnosis method. Chest CT is a routine
method for clinical screening of lung lesions. In recent years,
with the continuous improvement and optimization of CT
technology, the information presented by this image is much
rich and accurate. Therefore, it is possible to predict vascular
tumor thrombus and nerve invasion of lung adenocarcinoma
by preoperative enhanced CT (3). This paper mainly studies
the correlation between different CT features and vascular
tumor thrombus and nerve invasion of lung adenocarcinoma
to clarify the value of CT scanning in the prognosis of patients.
PATIENTS AND METHODS

Patients
A total of 86 patients with lung adenocarcinoma who underwent
surgical resection in our hospital from January 2020 to January
2022 were selected, and their clinical data were analyzed
retrospectively. All patients underwent CT scanning before
operation and were confirmed by pathological results after
operation. There were 45 males and 31 females; the lower
limit of age was 35 years, the upper limit was 85 years, and
the average age was 55.38 ± 8.72 years; the lesions were located
in the right lung in 44 cases and in the left lung in 44 cases;
and there were 71 cases of invasive type and 15 cases of
microinvasive type. This study was approved by the ethics
committee of the 900 Hospital of the Joint Logistics Team.
Signed written informed consent was obtained from all
participants before the study.

Inclusion and Exclusion Criteria
Inclusion criteria (4) are as follows: (1) lung adenocarcinoma
confirmed by postoperative histopathological examination;
(2) the chest was examined by enhanced CT before operation,
and there were complete image data; (3) patients did not
receive any antitumor drugs before operation; and (4) there
were no other malignant tumors. Exclusion criteria are as
Frontiers in Surgery | www.frontiersin.org 2
follows: (1) patients with contrast medium allergy and unable
to complete CT scan; (2) combined with other malignant
tumors and treated with antitumor therapy; (3) the quality of
enhanced CT image is too poor for accurate analysis; and
(4) the CT image was more than 1 month away from the
operation time.
METHODS

The chest CT scanning equipment was Ge VCT 64 row,
Lianying uct780 64 row, Ge Discovery HD 750, and ingenuity
flex16 row. The tube voltage of the scanning instrument was
set to 120 kv, the rotating speed was 0.7 s per revolution, the
matrix was 512 × 512, and the layer thickness was set to
5 mm. During the scan, the patient laid on his back on the
bed and was asked to hold his breath and lift his hands above
his head. After completing the plain CT scan, the enhanced
scan was started with a delay of 30s. During the enhanced
scan, the patient was injected with 80 ml of contrast agent
iohexol (350 mg/ml) through a high-pressure syringe. The
injection site was in the vein of the elbow, and 3 ml was
injected every second. After scanning, the CT images of all
patients were reconstructed into images with a layer thickness
of 1.25 mm and uploaded to the imaging workstation to
analyze the lesions.

Image Analysis
CT images were discussed and analyzed by two experienced
radiologists, mainly analyzing multiple CT signs such as
boundary, composition, lobulation sign, bronchial inflation
sign, pleural thickening, calcification, pleural depression sign,
vascular bundle sign, vacuole, peripheral emphysema, and
pleural effusion.

Statistical Analysis
Statistical Product and Service Solutions (SPSS) 22.0 (IBM,
Armonk, NY, USA) was applied for statistical analysis. Each
categorical variable was expressed as enumeration data [n(%)]
and passed the χ2 value test. When the results were
compared, P < 0.05 indicated a significant difference.
RESULTS

Postoperative Pathology and CT Diagnosis
Results
After histopathological examination of 86 patients with lung
adenocarcinoma, 23 (26.74%) were positive for vascular tumor
thrombus and 63 (73.26%) were negative and 8 (9.30%) were
positive for nerve invasion and 78 (90.70%) were negative.
Enhanced CT scan showed that 20 cases (23.26%) were
positive for vascular tumor thrombus and 66 cases (76.74%)
were negative and 7 cases (8.14%) were positive for nerve
invasion and 79 cases (91.86%) were negative. CT scan
showed that 15 cases (17.44%) were positive for vascular
tumor thrombus and 71 (82.56%) were negative and 6 (6.98%)
were positive for nerve invasion and 80 (93.02%) were negative.
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TABLE 2 | Relationship between different CT signs and nerve invasion in
patients with lung adenocarcinoma [n (%)].

CT signs Positive
(N = 8)

Negative
(N = 78)

χ2 P

Clear boundaries 6(75.00) 70(89.74) 1.535 0.215

Solid ingredient 8(100.00) 68(87.18) 1.161 0.281

Song et al. Clinical Study of Lung Adenocarcinoma
Relationship Between Different CT
Features of Lung Adenocarcinoma and
Vascular Tumor Thrombus
Lung adenocarcinoma patients with solid components and
lobulated and calcified tumors were all significantly correlated
with vascular tumor thrombus (P < 0.05), while other signs
had no significant correlation (P > 0.05) (Table 1).
Lobulated sign 7(87.50) 54(69.23) 1.175 0.278

Glitches 8(100.00) 71(91.03) 0.782 0.377

Vascular bundle sign 6(75.00) 67(85.90) 0.672 0.413

Air bronchus sign 8(100.00) 0(66.67) 86.000 <0.001

Vacuoles 3(37.50) 24(30.77) 0.153 0.696

Adjacent pleura thickening 8(100.00) 65(83.33) 1.571 0.210

Pleural indentation sign 7(87.50) 66(84.62) 0.047 0.828

With calcification 2(25.00) 8(10.26) 1.535 0.215

Pleural effusion 0(0.00) 9(11.54) 1.031 0.310
Relationship Between Different CT Signs
and Nerve Invasion in Patients With Lung
Adenocarcinoma
After analysis, it was found that the nerve invasion of surgically
resected lung adenocarcinoma was mainly related to tumors
with air bronchi signs (P < 0.05), and there was no significant
difference with other signs and no correlation (P > 0.05)
(Table 2).
Peripheral emphysema 1(12.50) 5(6.41) 0.415 0.520

Multiple enlarged lymph nodes 0(0.00) 3(3.85) 0.319 0.572

Calcified lymph nodes 4(50.00) 20(25.64) 2.140 0.144

TABLE 3 | Comparison of contrast-enhanced CT and plain CT in the diagnosis
of vascular tumor thrombus in lung adenocarcinoma [n (%)].

Item Postoperative pathology Total

Positive Negative
Comparison of Contrast-Enhanced CT and
Plain CT in the Diagnosis of Vascular
Tumor Thrombus in Lung Adenocarcinoma
Compared with plain CT, enhanced CT scanning sensitivity and
accuracy were significantly higher (P < 0.05), and there was no
difference in specificity between the two scanning methods
(P > 0.05) (Tables 3 and 4).
Enhanced CT Positive 18 2 20
Negative 5 61 66

Total 23 63 86

Plain CT Positive 10 5 15
Negative 13 58 71

Total 23 63 86
Comparison of Contrast-Enhanced CT and
Plain CT in the Diagnosis of Nerve Invasion
in Lung Adenocarcinoma
Compared with plain CT, the sensitivity and accuracy of
enhanced CT were significantly higher (P < 0.05), but there was
no significant difference in specificity between the two (P > 0.05)
(Tables 5 and 6).
TABLE 1 | Relationship between different CT features of lung adenocarcinoma
and vascular tumor thrombus [n (%)].

CT signs Positive
(N = 23)

Negative
(N = 63)

χ2 P

Clear boundaries 14(60.87) 47(74.60) 1.541 0.214

Solid ingredient 20(86.96) 40(63.49) 4.398 0.036

Lobulated sign 19(82.61) 37(58.73) 4.449 0.040

Glitches 17(73.91) 43(68.25) 0.256 0.613

Vascular bundle sign 20(96.96) 49(77.78) 0.895 0.344

Air bronchus sign 16(69.57) 42(66.67) 0.064 0.800

Vacuoles 10(43.48) 23(36.51) 0.346 0.556

Adjacent pleura thickening 18(78.26) 45(71.43) 0.401 0.526

Pleural indentation sign 21(91.30) 46(73.02) 3.274 0.070

With calcification 6(26.09) 5(7.94) 4.976 0.026

Pleural effusion 0(0.00) 4(6.35) 1.532 0.216

Peripheral emphysema 5(21.74) 7(11.11) 1,585 0.208

Multiple enlarged lymph nodes 4(17.39) 6(9.52) 1.015 0.314

Calcified lymph nodes 5(21.74) 9(14.29) 0.687 0.407

TABLE 4 | Comparison of contrast-enhanced CT and plain CT in the diagnosis
of vascular tumor thrombus in lung adenocarcinoma [n (%)].

Item Sensitivity Specificity Accuracy

Enhanced CT 78.26%(18/23) 96.83%(61/63) 91.86%(79/86)

Plain CT 43.48%(10/23) 92.06%(58/63) 79.07%(68/86)

χ2 5.841 1.361 5.663

P 0.016 0.243 0.017

TABLE 5 | Comparison of the results of contrast-enhanced and non-enhanced
CT in the diagnosis of nerve invasion in lung adenocarcinoma [n (%)].

Item Postoperative pathology Total

Positive Negative

Enhanced CT Positive 6 1 7
Negative 2 77 79

Total 8 78 86

Plain CT Positive 2 4 6
Negative 6 74 80

Total 8 78 86
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TABLE 6 | Comparison of the results of contrast-enhanced and non-enhanced
CT in the diagnosis of nerve invasion in lung adenocarcinoma [n (%)].

Item Sensitivity Specificity Accuracy

Enhanced CT 75.00%(6/8) 98.72%(77/78) 96.51%(83/86)

Plain CT 25.00%(2/8) 94.87%(74/78) 88.37%(76/86)

χ2 4.000 1.860 4.077

P 0.045 0.173 0.043

Song et al. Clinical Study of Lung Adenocarcinoma
DISCUSSION

Lung adenocarcinoma is highly malignant and can pose a
serious threat to the life safety of patients. Although the
clinical resection can temporarily save the lives of patients, the
problem of postoperative survival and recurrence still puzzles
the medical community. Studies have found that vascular
tumor thrombus and nerve invasion are independent risk
factors leading to lymph node metastasis of lung
adenocarcinoma and affecting patients’ recurrence (5, 6).
Vascular tumor thrombus refers to the long-term effect of
various reasons, which makes tumor cells invade blood vessels
or lymphatic vessels and finally leads to the formation of
tumor thrombus. Vascular tumor thrombus is a typical sign of
tumor cells invading the vascular system and a pioneer
condition for inducing lymph node metastasis (7, 8).
Therefore, it is necessary to strengthen preoperative diagnosis,
which is of great significance to reduce postoperative
recurrence and prolong the survival of patients.

CT is currently a commonly used imaging method for clinical
diagnosis of various diseases, with high sensitivity and specificity.
Using it in the preoperative examination of lung adenocarcinoma
can determine the deterioration by analyzing the changes of
various signs (9–11). However, the research on the relationship
between CT features and vascular tumor thrombus and nerve
invasion of lung adenocarcinoma is still rare in the medical
community. Therefore, based on the above shortcomings, this
paper uses CT scanning for patients with pulmonary
adenocarcinoma before operation. The results show that patients
with vascular tumor thrombus are mainly closely related to CT
features such as solid nodule, lobulation, and calcification, while
there is a certain correlation between nerve invasion of
pulmonary adenocarcinoma and patients with bronchial
inflation sign (P < 0.05). This result is basically consistent with a
previous study (12). In its report, the analysis of preoperative
chest CT images of patients with surgically resected lung
adenocarcinoma found that patients with vascular tumor
thrombus were mostly accompanied by solid nodules, lobulated
nodules, and calcified nodules, while patients with nerve
invasion were mostly biased toward bronchial inflation sign
tumors. This shows that CT signs were indeed related to
vascular tumor thrombus and nerve invasion of lung
adenocarcinoma. Preoperative enhanced CT scanning can
effectively predict the condition and prognosis of patients (13, 14).

Usually, the malignant degree of solid nodules is higher than
that of pure ground glass nodules and mixed ground glass
nodules, and the proportion of solid components will increase
Frontiers in Surgery | www.frontiersin.org 4
significantly with the deepening of tumor infiltration.
Therefore, patients with lung adenocarcinoma with solid
nodules are more likely to have vascular tumor thrombus and
have a high postoperative recurrence rate and poor prognosis
(15). Lobulated lung adenocarcinoma is more common in
solid nodules, which may be related to the great difference of
tumor cell differentiation. Malignant tumors are very prone to
calcification, but even after calcification, they are still likely to
continue to grow, spread, and metastasize. Therefore, this sign
has a certain value in predicting the prognosis of patients (16,
17). However, due to the small number of positive cases of
calcification in this paper, it has little reference significance.
Accompanied by bronchial inflation sign, it is usually
considered as alveolar inflammatory exudation, but it does not
cause significant damage to the bronchus. In the background
of consolidation, the bronchial sign with air usually appears in
independent nodules. This sign should be highly vigilant
against malignant tumors (18).

To further understand the predictive value of different ways of
CT scanning (enhanced CT and plain CT) for vascular tumor
thrombus and nerve invasion of lung adenocarcinoma, the
diagnostic efficacy of the two was compared. The results showed
that the diagnostic sensitivity and accuracy of enhanced CT were
significantly higher than those of plain CT (P < 0.05), but there
was no significant difference in the diagnostic specificity between
the two. The results suggested that enhanced CT is more valuable
in the diagnosis of vascular tumor thrombus and nerve invasion
of lung adenocarcinoma than plain CT, which can guide the
clinical development of effective diagnosis and treatment plan.
The application of spiral CT effectively improves the diagnostic
accuracy, and the reconstructed CT image can observe the lesion
characteristics from multiple angles and objectively analyze the
lesion characteristics to improve the diagnostic accuracy and guide
the clinical rational treatment of diseases (7, 19).

It is worth noting that there are still some deficiencies in this
paper, such as small sample size and little reference significance
of some conclusions. The pathological type was single, and no
clear pathological distinction was made; The clinical stage of
lung adenocarcinoma was not clear, so it still needed to be
strengthened and improved in future research.
CONCLUSION

The tumors with solid components and lobulation and
calcification in CT features are closely related to the vascular
tumor thrombus of lung adenocarcinoma, and the tumors
with bronchial inflation sign are related to the nerve invasion
of lung adenocarcinoma. Therefore, it is necessary to
strengthen the prediction and diagnosis of patients with lung
adenocarcinoma before operation.
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