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Abstract. – OBJECTIVE: To investigate the 
application of computed tomography (CT) perfu-
sion imaging in non-small cell lung cancer (NS-
CLC) and its correlation with angiogenesis and 
lymph node metastasis. 

PATIENTS AND METHODS: A total of 100 pa-
tients with NSCLC were selected as the study 
subjects. They were admitted to our hospital 
from January 2013 to January 2018. All patients 
were examined by CT perfusion imaging after 
admission. The differences and correlations of 
CT perfusion imaging parameters between pa-
tients with different angiogenesis and patholog-
ical conditions were analyzed. 

RESULTS: There was no significant differ-
ence in CT perfusion imaging parameters be-
tween patients with different tissue types. Blood 
flow (BF) in patients with lymph node metasta-
sis was significantly higher than that in patients 
with non-lymph node metastasis. Blood value 
(BV) and peak enhancement index (PEI) in pa-
tients with lymph node metastasis were lower 
than those in patients with non-lymph node me-
tastasis. There was no significant difference in 
mean transit time (MTT) between patients with 
different lymph node metastasis. The BF of 
stage I-II patients was significantly higher than 
that of stage III-IV patients, and there was no 
significant difference in other indexes (p < 0.05). 
There was significant difference in micro-vessel 
density (MVD) between patients with different 
pathological tissues and lymphatic metastasis 
(p < 0.05). There was no significant difference in 
MVD between patients with different TNM stag-
es (p > 0.05). Lymph node metastasis and MVD 
are negatively correlated with CT perfusion im-
aging indices BF, BV and PEI, respectively. 

CONCLUSIONS: CT perfusion imaging tech-
nology can reflect the formation of pulmonary 
capillaries and the ability of metastasis and dis-
semination of tumors to a certain extent.
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Abbreviations

NSCLC: non-squamous non-small cell lung cancer; 
BMI: Body Mass Index; KPS: Karnofsky; BF: blood-
flow; BV: blood volume; PEI: Peak enhancement image; 
MTT: mean transit time; MVD: microvessel density.

Introduction

Lung cancer is one of the most common 
clinical diseases of respiratory tract tumor1. Its 
incidence and mortality rank first in the world in 
recent years. According to epidemiological sta-
tistics2, non-squamous non-small cell lung can-
cer (NSCLC) has the highest incidence (85.00%) 
in all lung cancers. As the industrialization 
process intensifies, NSCLC is increasing year 
by year3, with common clinical symptoms such 
as chest distended pain, phlegm with blood, low 
fever, fatigue and weight loss. When disorders 
of respiratory function are found in the early 
stage, the disease has already developed. There-
fore, it can bring many challenges to the clinical 
treatment4. CT perfusion imaging reflects the 
vascular formation of patients to some extent. 
During the course of treatment, the prognosis 
of patients can also be evaluated by differential 
analysis of the blood flow patterns. Evaluation 
of NSCLC preoperative diagnosis in current 
clinical studies is limited in the determination of 
case parameters5. There are no effective indexes 
related to tumor biological behavior. This study 
tried to provide a scientific basis for clinical di-
agnosis and evaluation of therapeutic effect by 
analyzing the association between CT perfusion 
imaging indexes and pathological indexes in 
patients with NSCLC.
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Patients and Methods

Clinical Data 
One hundred patients with NSCLC were se-

lected as the study subjects. They were admitted 
to our hospital from January 2013 to January 
2018. There were 54 males and 46 females, with 
age range of 45-65 years old and the average 
age of (57.51±2.37) years old. Their weight was 
45-70 kg with the average weight of (61.40±2.37 
kg), and BMI index of (25.56±1.29). The aver-
age duration of tumor was (2.39±0.89) years, 
the diameter of lesions was 1.7-7.2 cm with the 
average diameter of (3.66±1.02) cm. There were 
39 patients with squamous cell carcinoma, 37 
patients with adenocarcinoma, 24 patients with 
adenosquamous carcinoma. There were 39 pa-
tients with lymph node metastasis, 61 patients 
without metastasis. Twenty-nine patients were in 
TNM stage I, fifty-one patients in stage II, eleven 
patients in stage III, and nine patients in stage IV. 
None of the patients were lost in the follow-up 
during the study. All patients signed informed 
consent, and the study has been approved by the 
Ethics Committee.

Inclusion criteria: (1) Patients who met the 
diagnostic criteria for NSCLC6 and were con-
firmed by biopsy and histopathology; (2) Patients 
who were estimated to survive for more than 6 
months; (3) Patients with KPS score7 of more than 
70 points; (4) Patients who had no contraindica-
tion for radiotherapy drugs used in this study; (5) 
Patients who had signed the informed consent. 
Exclusion criteria: (1) Patients with severe heart, 
liver, and kidney dysfunction; (2) Patients with 
impaired communication ability; (3) Patients with 
abnormal blood routine; (4) Patients who did not 
cooperate with the treatment protocol of this 
study.

Research Methods
All patients were examined by CT perfusion 

imaging.
Siemens 64-slice spiral CT (Munich, Germany) 

was used in this study. The patient took a supine 
position and accepted breath-holding training be-
fore CT perfusion imaging. First, a routine scan 
was performed on the patient. After the scan, the 
lesions of the patient were determined. Then, a 
continuous film scan was performed, with CT 
perfusion imaging parameters 120 kv and 200 
mA. Iodohydrol (Beijing Beilu Pharmaceutical 
Co., Ltd., SFDA Approval Number H20053800) 
was used as the contrast agent. It was injected 

with a high-pressure syringe at the speed of 5 
mL/s and the dose of 300 mgI/mL, delayed for 
5 s. The scanned image was transferred to the 
workstation for image processing. The maxi-
mum area of the patient’s lesions was used as the 
research object. Aorta was used as a reference 
vessel. ROI was drawn within 2 cm of the margin 
of the lesions, as far as possible to choose a large 
area of ROI depiction and reduce the effect of 
noise on detection. The blood flow (BF), blood 
volume (BV), peak enhancement index (PEI) of 
the aorta, and mean transit time (MTT) at the 
lesions were analyzed according to the perfusion 
images of the patient’s blood volume.

Observational Indexes
Analysis of CT perfusion imaging parameters 

in patients with different pathological con-
ditions. By comparing CT perfusion imaging 
parameters of patients with different tissue 
types, we analyzed lymphatic metastasis and 
TNM stage, the differences of CT perfusion 
imaging parameters of patients with different 
pathological conditions. 

Analysis of CT perfusion imaging parame-
ters in patients with different angiogenesis 
conditions. Micro-vessel density (MVD) was 
detected by immunohistochemical SP. CD34 
positive criteria: there is a striped or clustered 
yellow-brown lumen of endothelial cells, with 
eight red blood cells as one. Weidner technical 
standards were used for counting capillar-
ies and micro-vessels. The tumor center and 
surrounding sites were examined under 40× 
and 100× fold microscopes, respectively. Then, 
capillaries and micro-vessels were counted un-
der a 200× microscope. The mean value of 6 
visual fields was recorded. The microscopic 
examination was conducted by two specialists. 
If there were differences over 10%, the exam-
ination should be carried out again.

Multivariate analysis of CT perfusion imag-
ing parameters. Logistics regression analysis 
was used to analyze CT perfusion imaging 
parameters, pathological status and vascular 
formation.

Correlation analysis of CT perfusion imaging 
parameters. Spearman correlation analysis 
was used to analyze the correlation between 
CT perfusion imaging parameters and patho-
logical state and vascular formation.
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Statistical Analysis
The data of this study were analyzed by SPSS 

19.0 (IBM Armonk, NY, USA). The measure-
ment data were expressed as (x– ± s), the count 
data were expressed as [(n)]%, and the Chi-square 
test was used. When p<0.05, the difference was 
considered statistically significant.

Results

CT Perfusion Imaging Parameters 
in Patients with Different 
Pathological Conditions

There was no statistical difference between CT 
perfusion imaging parameters of patients with 
different tissue types. BF of patients with lymph 
node metastasis was significantly higher than that 
of patients with non-lymph node metastasis. BV 
and PEI of patients with lymph node metastasis 
were lower than those of patients with non-lymph 
node metastasis. There was no statistical signif-
icance in MTT between patients with different 
lymph node metastasis. BF of stage I-II patients 
was significantly higher than that of stage III-IV 
patients. There was no significant difference in 
other indexes (p <0.05), as detailed in Table I.

Analysis of CT Perfusion Imaging 
Parameters in Patients with Different
Angiogenesis Conditions

There was significant difference in MVD be-
tween patients with different pathological tissues 
and lymphatic metastasis (p < 0.05). While there 

was no significant difference in MVD between 
patients in different TNM staging (p>0.05), as 
detailed in Table II.

Multivariate Analysis of CT Perfusion 
Imaging Parameters

According to the multivariate analysis of CT 
perfusion imaging parameters, lymph node me-
tastasis, TNM staging and MVD were taken as 
independent risk factors of BF. Lymph node me-
tastasis and MVD were taken as independent risk 
factors of BVF. Lymph node metastasis, TNM 
staging and MVD were taken as independent risk 
factors of PEI, with significant difference (p < 
0.05), as detailed in Table III.

Correlation Analysis CT Perfusion 
Imaging Parameters

According to the correlation analysis, lymph 
node metastasis and MVD were negatively cor-
related with BF, BV and PEI respectively, with 
significant difference (p < 0.05), as detailed in 
Table IV.

Discussion

NSCLC is one of the most common respiratory 
cancer8, which is also one of the key points in the 
prevention and treatment of lung cancer. Yabuuchi 
et al9 showed that the incidence of NSCLC is relat-
ed to smoking. In recent years, imaging technolo-
gy has been constantly developed. It not only has 
a relatively significant observation of the patient’s 

Table I. CT Perfusion imaging parameters in patients with different pathological conditions.

  BF BV PEI MTT
 Pathological indexes (mL/100 g*min) (mL/100 g) (HU) (s)

Type of Tissues
Squamous cell carcinoma (n=39) 37.25 ± 1.46 7.32 ± 1.19 19.68 ± 1.33 15.25 ± 1.46
Adenocarcinoma (n=37) 39.33 ± 3.19 9.55 ± 1.35 22.78 ± 1.45 16.33 ± 3.19
Adenosquamous carcinoma (n=24) 32.03 ± 1.22 6.33 ± 1.45 20.22 ± 1.18 14.16 ± 1.22
F 0.325 1.669 0.456 0.155
p 0.632 0.221 0.609 0.854
Lymph Node Metastasis
Yes (n=39) 29.16 ± 3.25 7.35 ± 1.32 16.36 ± 1.57 15.16±3.25
No (n=61) 46.45 ± 1.58 9.31 ± 1.66 24.53 ± 1.45 15.45±1.58
t 30.966 6.219 26.607 0.519
p 0.000 0.000 0.000 0.606
TNM Staging
Stage I-II (n=80) 48.23 ± 3.26 9.25 ± 2.07 22.19 ± 1.63 13.23 ± 3.26
Stage III-IV (n=20) 27.33 ± 2.16 9.32 ± 1.34 21.68 ± 1.39 14.33 ± 2.16
t 34.541 0.185 1.286 1.818
p 0.000 0.854 0.201 0.076
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Table II. Analysis of CT perfusion imaging parameters in patients with different angiogenesis.

 Pathological Indexes  MVD (piece/0.723 mm2)

Type of Tissues Squamous cell carcinoma (n=39) 33.75 ± 1.59
 Adenocarcinoma (n=37) 53.23 ± 3.96
 Adenosquamous carcinoma (n=24) 38.45 ± 1.99
 F 0.445
 p 0.592
Lymph Node Metastasis Yes (n=39) 54.56 ± 3.75
 No (n=61) 42.45 ± 2.64
 t 17.574
 p 0.000
TNM Staging Stage I-II (n=80) 50.03 ± 1.22
 Stage III-IV (n=20) 49.16 ± 3.25
 t 1.177
 p 0.253

Table III. Analysis of CT perfusion imaging parameters in patients with different angiogenesis.

 Factors β S.E. Wald p OR 95 CI

BF      
Type of Tissues 1.018 2.361 1.322 0.325 1.019 1.899-1.926
Lymph Node Metastasis 1.062 3.269 1.333 0.002 1.632 1.331-2.320
TNM Staging 0.369 4.139 1.691 0.000 1.089 0.632-2.065
MVD 1.069 4.691 1.336 0.000 1.069 0.032-1.119

BV      
Type of Tissues 1.022 2.361 1.321 0.125 1.022 1.901-1.932
Lymph Node Metastasis 1.0631 3.272 1.333 0.005 1.630 1.339-2.329
TNM Staging 0.370 4.140 1.695 0.231 1.092 1.632-2.075
MVD 0.369 4.552 1.971 0.000 1.225 1.154-1.987

PEI      
Type of Tissues 0.281 4.654 1.398 0.151 1.331 1.443-2.143
Lymph Node Metastasis 1.233 3.221 1.422 0.000 1.443 1.021-2.109
TNM Staging 1.532 3.221 1.541 0.327 1.229 1.332-2.113
MVD 1.336 3.985 1.661 0.000 1.336 1.219-1.669

MTT      
Type of Tissues 0.562 4.441 1.541 0.236 0.369 1.225-1.668
Lymph Node Metastasis 0.558 1.597 1.457 0.614 0.987 1.229-1.887
TNM Staging 1.597 2.697 1.179 0.339 0.691 1.019-1.687
M VD 1.265 4.551 1.971 0.521 0.631 1.397-1.990

Table IV. Correlation analysis of CT perfusion imaging parameters.

 Group  BF BV PEI MTT

Type of Tissues r 0.223 0.671 0.772 1.263
 p 0.561 0.325 0.361 0.328
Lymph Node Metastasis r 0.981 0.761 0.231 0.175
 p 0.000 0.000 0.000 0.621
TNM Staging r 1.272 0.778 0.945 1.391
 p 0.000 0.332 0.421 0.192
MVD r 0.716 0.765 0.670 1.369
 p 0.000 0.000 0.000 1.116
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tissue morphology, but also gives positive develop-
ment of the patient’s MVD to a certain extent10. CT 
perfusion imaging technique can clearly show the 
hemodynamic status of relevant tissues and organs 
according to dilution principle and central volume 
law of development tracer. In general, BF is the ra-
tio of BV to MTT of blood11. Of which, BF refers to 
the total amount of blood flowing through the cor-
responding official cavity per unit time, BV refers 
to the total amount of blood in the tissue, and MTT 
reflects the passage time of the contrast machine in 
the capillaries12. After injection of contrast agent, 
CT perfusion imaging could reflect the patient’s 
blood perfusion indexes by analyzing the time 
density curve of each pixel in the area of interest 
from the curve maximum slope and other indexes. 
In patients with malignant tumor, the lesion struc-
ture is much higher than the normal tissue because 
of the number, size, and openness of capillaries. 
However, in patients with NSCLC, tissues of lung 
injure heavily, which causes serious effects on the 
blood circulation of lung and a higher blood flow 
signal at the edge of the tumor. While in the central 
position of the tumor, it mainly shows necrosis of 
the local tissue13.

In this study, we analyzed the correlation of the 
differences of MVD in different tissues, TNM 
staging and lymph node metastasis with differ-
ent CT perfusion imaging indexes. Lymph node 
metastasis and MVD in patients were negatively 
correlated with BF, BV and PEI of CT perfusion 
imaging indexes, respectively. According to the 
analysis on vascular density, adenocarcinoma is 
the highest, followed by squamous cell carcino-
ma, and finally adenosquamous carcinoma. How-
ever, there was not any statistical significance 
from CT perfusion indexes of patients. According 
to the analysis, the blood perfusion at the focal 
site of lung tumor is not only related to the densi-
ty and generation of blood vessels at the focal site, 
but also related to the structure of blood vessels. 
McGowan et al14 have reported that the structure 
of different lesions was related to the tissues of 
patients. There was a statistically significant dif-
ference between the micro-vessels at the lesions 
in patients with different tissues, however, the 
vessels were malformed, coarse or even distorted. 
The absence of basilar membrane of such vessels 
and nerve endings of smooth muscle resulted in a 
small amount of perfusion, therefore it had little 
impact on the local perfusion of patients.

There was significant difference in MVD and 
CT perfusion indexes among patients with tumor 
in different stages. According to the analysis, the 

tumor infiltration degree was relatively small, the 
diameter of blood vessel formation was relatively 
low compared with those of patients with tumor 
in early stage. The malformation of malignant 
gas and the injury of smooth muscle were signifi-
cantly lower than those of patients with advanced 
tumor. At the same time, due to the early stage of 
tumor, the necrosis rate of local capillaries caused 
by the body’s immune system was relatively low. 
Therefore, according to the analysis of the vascu-
lar density of patients, there was no statistically 
significant difference between the tumor vascular 
density of patients with different stages. Accord-
ing to the analysis on the patients’ concern situa-
tion, there was statistically significant difference 
between different stages of patients’ academic 
prevalence.

In the analysis of lymph node metastasis in 
patients, the type of BF of lesions in patients 
with lymph node metastasis abnormally in-
creased. With the increase of the invasion degree 
of patients with tumor, the main reason for distant 
spread is hematogenous dissemination. In the 
course, there was a certain overlap of BF signals 
between the cancer tissue of the local lesions and 
the cancer tissue value of the lymph node. There-
fore, the relative increase of the local MVD value 
and the CT perfusion value could result in the 
further direct correlation between the hematoma 
spread of the patient and the tumor lymph node 
metastasis of the patient15.

The novelties of this study are to quantify the 
imaging results of patients and effectively re-
duce the subjective error of diagnostic physicians. 
However, there are some limitations in this study. 
During the sampling of lesions of the patient, 
accurate sampling could not be conducted accord-
ing to the actual tumor site of the patient. With 
the continuous progress of sampling technology, 
further confirmation is needed in future research. 
At the same time, the correlation evaluation of the 
prognosis of tumor patients with therapeutic effect 
needs to be further analyzed in future studies.

Conclusions

To sum up, lymph node metastasis and MVD 
were negatively correlated with BF, BV and PEI 
of CT perfusion imaging indexes respectively. CT 
perfusion imaging technique can reflect the for-
mation of pulmonary capillaries and the metasta-
sis and dissemination ability of tumor lesions to 
some extent.
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