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Summary

Purpose: To explore the clinical application value of color 
Doppler ultrasound combined with computed tomography 
(CT) in the diagnosis of axillary lymph node metastasis 
(ALNM) in breast cancer.  

Methods: From January 2016 to June 2018, 189 breast can-
cer patients who underwent radical mastectomy in our hos-
pital were included and retrospectively analyzed. All patients 
had preoperative color Doppler ultrasound and CT exami-
nation of mammary gland and axillary lymph nodes, with 
pathological diagnosis as the gold standard. Eighty-eight 
cases were divided into axillary lymph node metastasis group 
(metastatic group) and 101 cases formed the non-axillary 
lymph node metastasis group (non-metastatic group). The 
ultrasound and CT imaging of axillary lymph nodes were 
analyzed to evaluate the value of color Doppler ultrasound 
combined with CT in the assessment of axillary lymph node 
metastasis in breast cancer.  

Results: Ultrasonographic metastatic lymph nodes showed 
unclear borders and eccentric thickening of the cortex. The 
enhancement scan showed obvious heterogeneous enhance-
ment and disappearance of lymphatic structure. The sensi-
tivity, accuracy, and negative predictive value of ultrasonog-
raphy combined with CT were 92.05%, 90.48% and 92.78%, 
retrospectively, which were significantly improved compared 
with those in the individual tests (x2=13.41, 6.126, 8.933, 
p=0.001, 0.047, 0.011), with significant statistical difference.  

Conclusions: Color Doppler ultrasound combined with CT 
examination can significantly improve the detected rate of 
axillary lymph node metastasis in breast cancer before sur-
gery, and provide a reliable basis for the treatment options 
on breast cancer patients before surgery.

Key words: breast cancer, axillary lymph node metastasis, 
ultrasound, CT, combined examination

Introduction

 Breast cancer is one of the common malignant 
tumors in women, which seriously threatens their 
health. In recent years, more attention has been 
paid over the fact that the age at onset has moved 
to the youngers and the incidence has increased 
year by year. The incidence and mortality of breast 

cancer are even higher than that of cervical cancer. 
Therefore, the prevention and treatment shall be a 
very important issue [1]. Easy metastasis and recur-
rence are the main causes of mortality. The earliest 
and most common metastatic pathway for breast 
cancer patients is axillary lymph node metastasis. 

This work by JBUON is licensed under a Creative Commons Attribution 4.0 International License.
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It is an important indicator of breast cancer pro-
gression and an important indicator for axillary 
lymph node metastasis in the clinical staging of 
breast tumors [2]. In addition, the status of axillary 
lymph nodes plays an important role on the next 
clinical treatment plan (such as surgical method, 
surgical scope, postoperative adjuvant treatment, 
and psychological impact of patient and prognosis 
aspects) [3-5]. In the past, the gold standard for 
assessing the metastasis of axillary lymph node 
was based on the biopsy of axillary lymph node or 
pathological histological examination after surgi-
cal lymph node dissection. However, those methods 
often have certain side effects as invasive examina-
tions, often leading to excessive checking for pa-
tients without axillary lymph node metastasis. It is 
very important to strengthen the non-invasive di-
agnosis of axillary lymph nodes metastasis before 
surgery and assess their status accurately, which 
can effectively avoid unnecessary surgical injury 
to patients, and also become the primary problem 
that clinicians need to consider in the diagnosis 
and treatment of breast cancer. A simple, fast and 
non-invasive examination method should be found 
to evaluate the axillary lymph node status of breast 
cancer, and provide reference for the next treat-
ment to improve the accuracy of treatment. 
 In this study, we have retrospectively analyzed 
the ultrasound imaging combined with the CT im-
aging of axillary lymph nodes before operation for 
patients with breast cancer, and compared with 
their pathological results to evaluate the clinical 
value of the combined examination in the diag-
nosis of axillary lymph node metastases in breast 
cancer before surgery, providing basis for choos-
ing a treatment plan of the breast cancer patients 
before operation. 

Methods 

Clinical materials 

 189 breast cancer patients who were first diagnosed 
and treated in our hospital from January 2016 to June 
2018 formed the research cohort. All patients had un-
dergone radical mastectomy with definite pathological 
diagnosis, and had complete color Doppler ultrasound 
combined with CT of axillary lymph nodes before sur-
gery. Combined with pathological diagnosis as the gold 
standard, 88 cases formed the axillary lymph node me-
tastasis group (metastasis group) and 101 cases formed 
the non-axillary lymph node metastasis group (non-
metastasis group). All of them were female, 119 cases 
had unilateral tumor sites in the left breast and 70 cases 
in the right breast. Their ages ranged from 26 to 81 
years (mean 52.36±12.54). Histopathological types: there 
were 112 (59.26%) cases of invasive ductal carcinoma, 50 
(26.46%) cases of mixed invasive carcinoma, 14 (7.41%) 

cases of preinvasive carcinoma, 6 (2.17%) cases of in-
vasive lobular carcinoma, and 7 (3.7%) cases of other 
types (tubular carcinoma, mucinous adenocarcinoma, 
etc.). Grade of tumor differentiation: there were 65 cases 
of high differentiation, 81 cases of moderate differen-
tiation, and 43 cases of poor differentiation. Inclusion 
criteria were as follows: 1) All patients were pathologi-
cally diagnosed with breast cancer, without radiotherapy 
and chemotherapy before operation. 2) All color Doppler 
ultrasound combined with CT examination data were 
available before operation. 3) All patients signed the 
informed consent form. Exclusion criteria were as fol-
lows: 1) Βreast cancer patients after treatment. 2) breast 
cancer without histopathological diagnosis. 3) patients 
combined with other malignant diseases.

Method 

 Color Doppler ultrasound was performed using 
PHILIPS iU22, with probe frequency 5-12 MHz. Detec-
tion method: the patients were placed in supine position, 
raise their arms, and place their hands behind the head, 
with full exposure of bilateral breasts and the areas of 
bilateral axillary and supraclavicular fossae. The breast 
lesions should be observed first, then the axillary and 
supraclavicular lymph nodes should be observed. Then 
color Doppler flow image (CDFI) was used to observe 
the morphology and distribution of blood flow signals 
in lymph nodes [6]. The criteria in ultrasound diagnostic 
of axillary lymph node metastasis (ALNM): there were 
unclear lymph node borders and eccentric thickening 
of the cortex, the ratio of cortex and medulla was larger 
than 1, with unclear boundary of cortex and medulla, 
internal microcalcifications and uneven internal echo, 
the aspect ratio was less than 2:1, the blood flow distri-
bution was peripheral, the classification of blood flow 
signal was mainly level 3.
 Enhanced CT examination: the CT equipment was 
SOMATOM Definition Flash. Examination method: pa-
tients were placed in supine position, with arms crossed 
and hands placed on the top of the head, the axillary 
plain scan and enhancement scan were conducted on 
the scan range from the lower border of the breast to the 
supraclavicular region, with layer thickness of 5 mm and 
inter-slice spacing of 5 mm. The non-ionic contrast agent 
was intravenously injected during enhancement scan-
ning. The criteria in CT diagnosis of ALNM: the lymph 
was round or with irregular shape and fuzzy edge, with 
the diameter of short axis over 5 mm, the aspect ratio 
was less than 2:1, the enhancement scanning has been 
intensified, and the structure of lymphatics disappeared 
[7,8].

Statistics 

 The data obtained were processed by SPSS19.0 
software. Count data were expressed as numbers and 
percents and x2 test was used for comparison between 
groups. Four-table method was used to calculate color 
Doppler Ultrasound, CT and joint examination in the 
diagnosis of breast cancer ALNM. 
 Enumeration data was expressed as percents. Com-
parison in groups was performed by x2 test. P<0.05 was 
considered statistically significant.
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Results

Comparison on the two-dimensional ultrasonographic 
characteristics of axillary metastatic lymph nodes and 
non-metastatic lymph nodes in breast cancer

 The two-dimensional ultrasonographic im-
ages of axillary metastatic lymph nodes in breast 

cancer showed unclear border of lymph nodes and 
eccentric thickening of cortex, thickness of cortex 
was larger than 3 mm, ratio of cortex and medulla 
was larger than 1, along with unclear boundary 
between cortex and medulla, internal microcalcifi-
cations and uneven internal echo. The aspect ratio 
was less than 2:1. The detection rate was signifi-

Figure 2. Color Doppler flow image CDFI. The lymph nodes 
had rich blood flow and shown as peripheral distribution. 
The axillary metastatic lymph nodes of breast cancer were 
also considered. 

Figure 1. A two-dimensional ultrasonographic image of the 
right armpit showing a solid mass of approximately 2.6 cm x1.5 
cm, with unclear edges and uneven internal echoes. The axillary 
metastatic lymph nodes of breast cancer were also considered. 

Pathology Boundary of lymph 
node

Morphology of cortex Thickness of cortex Ratio of cortex and 
medulla

Clear Unclear Eccentric 
thickening

Concentric 
thickening

Stricture 
type

≤3mm >3mm ≤1 >1

Metastasis group
(88)

27 (30.68) 61 (69.32) 54(61.36) 19(21.59) 15 (17.05) 28(31.82) 60 (68.18) 33 (37.50) 55 (62.50)

Non-metastasis 
group (101)

82 (81.19) 19 (18.81) 0 20(19.80) 81 (80.20) 79 (78.22) 22 (27.85) 57 (56.44) 44 (43.56)

x2 49.141 98.975 41.219 6.760

P 0.000 0.000 0.000 0.009

Table 1. Comparison of two-dimensional ultrasonographic characteristics of axillary metastatic lymph nodes and non-
metastatic lymph nodes in breast cancer [n (%)]

Pathology Boundary between cortex 
and medulla

Internal 
microcalcifications

Internal echo Aspect ratio

Clear Unclear Yes No Even Uneven <2 ≥2

Metastasis group 
(88)

30 (34.09) 58 (65.91) 50 (56.82) 38 (43.18) 20 (22.73) 68 (77.27) 54 (61.36) 34 (38.64)

Non-metastasis 
group (101)

72 (71.29) 29 (28.71) 7 (6.93) 94 (93.07) 76 (75.25) 25 (24.75) 15 (14.85) 86 (85.15)

x2 26.191 55.565 49.166 43.890

P 0.000 0.000 0.000 0.000

Table 2. Comparison of two-dimensional ultrasonographic characteristics of axillary metastatic lymph nodes and non-
metastatic lymph nodes in breast cancer [n (%)]
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cantly higher than that of non-metastasis group 
(p<0.001), with statistically significant difference 
as shown in Table 1 and Table 2. Two-dimensional 
ultrasonographic image is shown in Figure 1.

Comparison between color Doppler flow image CDFI of 
axillary metastatic lymph nodes and non-metastatic 
lymph nodes in breast cancer

 The color Doppler flow image CDFI of axillary 
metastatic lymph nodes in breast cancer showed 
that there was peripheral blood flow distribution, 
and the classification of blood flow signal was main-
ly level 3 (75.00%). Most non-metastatic lymph 
nodes in the axilla showed blood flow distribution 
of lymphatic hilus, the classification of blood flow 
signal was mainly level 2 (74.26), and the difference 
between the two groups was statistically significant 
(p<0.01), as shown in Table 3. The color Doppler 
flow image CDFI was shown in Figure 2.

Comparison between CT imaging characteristics of 
axillary metastatic lymph nodes and non-metastatic 
lymph nodes in breast cancer

 The enhanced CT images of axillary metastatic 
lymph nodes in breast cancer showed that the di-
ameter of short-axis was larger than 5 mm, the 
structure of lymphatic hilus disappeared, and the 

aspect ratio was less than 2:1. With the intensi-
fication of enhancement scan, the detection rate 
was obviously increased compared with that of 
non-metastatic lymph node enhanced CT images, 
with statistically significant difference (p<0.01), as 
shown in Table 4. CT plain scan image is shown in 
Figure 3, and the image of CT enhancement scan 
is shown in Figure 4.

Comparison between diagnosis and pathological re-
sults of color Doppler ultrasound vs CT in axillary 
lymph nodes of breast cancer

 Comparison between diagnosis and pathologi-
cal results of color Doppler ultrasound vs CT in 
axillary lymph nodes of breast cancer is shown in 
Table 5. The value of color Doppler ultrasound, CT, 
and the combined examination in the diagnosis of 
axillary lymph node metastases in breast cancer 
were calculated in Table 5, as shown in Table 6. The 
sensitivity, accuracy, and negative predictive value 
of ultrasound combined with CT in the diagnosis 
of axillary lymph node metastases in breast can-
cer were 92.05%, 90.48%, and 92.78%, respectively, 
which were significantly improved compared with 
those in the individual tests (x2=13.41, 6.126, 8.933, 
p=0.001, 0.047, 0.011), and the difference was sta-
tistically significant (p<0.05). 

Pathology Distribution of blood flow Classification of blood flow signal

Mixed type
n (%)

peripheral type
n (%)

lymphatic hilus type
n (%)

Scattered type
n (%)

Level 0-1
n (%)

Level 2
n (%)

Level 3
n (%)

Metastasis group
(88)

13 (14.77) 58 (65.91) 8 (9.09) 9 (10.23) 5 (5.68) 17 (19.32) 66 (75.00)

Non-metastasis 
group (101)

4 (3.96) 5 (4.95) 77 (76.24) 15 (14.85) 20 (19.80) 75 (74.26) 6 (5.94)

x2 106.473 95.121

P 0.000 0.000

Table 3. Comparison on color Doplor flow image CDFI of axillary metastatic lymph nodes and non-metastatic lymph 
nodes in breast cancer [n (%)]

Pathology Diameter of short-axis Structure of lymphatic 
hilus

Aspect ratio Enhancement scan

>5mm ≤5mm Disappeared Completed <2 ≥2 Intensification Non-
intensification

Metastasis group
(88)

62 (70.45) 26 (29.55) 60 (68.18) 28 (31.82) 53 (60.23) 35 (39.77) 70 (79.55) 18 (20.45)

Non-metastasis 
group (101)

20 (19.80) 81 (80.20) 6 (5.94) 95 (94.06) 32 (31.68) 69 (68.32) 5 (4.95) 96 (95.05)

x2 49.121 80.163 15.483 109.325

P 0.000 0.000 0.000 0.000

Table 4. Comparison of enhanced CT imaging features of axillary metastatic and non-metastatic lymph nodes in breast 
cancer [n (%)]
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Discussion

 Axillary lymph node metastasis of breast can-
cer usually can be used as an important reference 
index for clinical staging, selection of surgical ther-
apy, dissection scope of lymph node, and judgment 
on survival and prognosis of the patients [9,10]. In 
the past, ipsilateral axillary lymph node dissection 
or pathologic biopsy of sentinel lymph node were 
used for the determination of axillary lymph node 

metastasis in breast cancer. However, there are ex-
isting problems for excessive treatment. It has been 
confirmed that there was no metastasis in some pa-
tients by pathological examination after perform-
ing lymph node dissection, and some authors be-
lieve that the complete lymph node chain without 
metastasis could be helpful to block the spread of 
breast cancer cells, and lymph node dissection is 
a very traumatic surgery to patients. Furthermore, 
the lymph node dissection without metastasis 

Figure 3. CT plain scan. The lymph node is round, with 
the increased volume and rough edges, shown with arrow.

Figure 4. CT enhancement scan. The lymph node is shown 
as the mainly intensification of edge (arrow).

Pathology Ultrasound Total CT Total

Positive Negative Positive Negative 

Positive 63 25 88 65 23 88

Negative 9 92 101 8 93 101

Total 72 117 189 73 116 189

Table 5. Comparison on diagnosis and pathological results of color doppler ultrasound with CT in axillary lymph nodes 
of breast cancer (n)

Indicator of examination Sensibility
n (%)

Sensitivity
n (%)

Accuracy
n (%)

Positive predictive value
n (%)

Negative predictive value
n (%)

Ultrasound 71.59 (63/88) 91.10 (92/101) 82.01 (155/189) 87.50 (63/72) 78.63 (92/117)

CT 73.86 (65/88) 92.08 (93/101) 83.60 (158/189) 89.04 (65/73) 80.17 (93/116)

Combined examination 92.05 (81/88)a 89.11 (90/101) 90.48 (171/189)a 88.04 (81/92) 92.78 (90/97)a

x2 13.41 0.551 6.126 0.947 8.933

p 0.001 0.759 0.047 0.623 0.011

Compared with the single examination, ap<0.05.

Table 6. Comparison on the value among color Doppler ultrasound, CT and the combined examination in the diagnosis 
of axillary lymph node metastases in breast cancer
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could not improve the survival rate of patients [11]. 
Although the pathologic biopsy of sentinel lymph 
node causes minor trauma, the false negative rate 
is about 5-10% [12,13]. At present, with the con-
tinuous development of imaging technology (ultra-
sound, CT, etc.), these non-invasive, convenient and 
economical examination methods have been well 
used in the assessment of the axillary lymph node 
status before breast cancer surgery [14], which can 
provide multiple parameters for the characteriza-
tion of axillary lymph nodes to determine whether 
metastasis has occurred.
 Color Doppler ultrasound has the advantages 
of simplicity, real time, non-invasion, well repro-
ducibility, economy, no radiation and other aspects, 
and is used as the most commonly examination 
method for breast cancer diagnosis. The invasion 
of cancer cells often damage the capsule, cortex 
and medulla and often has unbalanced damage on 
the cortex and medulla in the metastatic lymph 
nodes of breast cancer, causing deformation and 
eccentricity in the center region of the medulla or 
nodule. The volume of lymph node increases and 
deforms as near circular, the vertical and horizontal 
diameter are reduced, the boundaries between the 
skin and the medulla are unclear, the lymphatic 
hilus disappears, the medulla shows uneven echo 
for damage cause by the cancer cells, and some 
small calcifications can occur [15,16]. After infiltrat-
ing the lymph nodes, the cancer cells are planted 
in the lymphatic sinuses of the lymph node cor-
tex. While multiplication and necrosis continue in 
breast cancer cells, thickening cortex is created by 
the connective tissue reaction, and there is exist-
ing eccentricity and mutual fusion. Lee et al [17] 
had found that the thickening of the cortex and 
the disappeared hyperecho of lymphatic hilus were 
closely related to lymph node metastasis. Maini-
ero et al [18] had defined the maximum cortical 
thickness of 3 mm as the critical value of indica-
tor for the determination of axillary lymph node 
metastasis, and they concluded that the sensitivity 
and specificity reached 85% and 75%, respectively. 
The results of this study showed that there were 
statistically significant differences in the charac-
teristics of two-dimensional ultrasonographic im-
aging between lymph node metastases of breast 
cancer group and non-metastatic group. Most of 
the metastatic lymph nodes showed unclear bor-
ders, thickened cortex and uneven internal echo, 
the aspect ratio was less than 2:1, shown as in-
ternal microcalcifications, unclear demarcation of 
cortex and medulla, etc., which is consistent with 
the above report.
 The new micro angiogenesis in axillary meta-
static lymph nodes of breast cancer is induced by 

the large number of angiogenic factors synthesized 
by tumor cells [19]. The neoplastic tumor vessels 
penetrate from the lymph node subcapsular into 
the lymph node parenchyma, and due to the thick-
ening of the metastatic lymph node cortex mi-
crovessels are enriched and disordered, forming a 
large number of venous sinuses, and the blood flow 
characteristics are peripheral distribution, while 
the cortical lymphatic sinus gradually progresses 
to the lymphatic hilus, causing compression of the 
blood vessels at the lymphatic portal, leading to a 
reduction of blood flow characteristics in the lym-
phatic hilus [20,21]. The blood flow characteristics 
of benign lymph nodes are mainly lymphatic hi-
lus type, even though a small part of lymph nodes 
showed an increment of blood flow, which is much 
lower than that of metastatic lesions. The results 
of this study showed that the peripheral blood flow 
characteristics of metastatic lymph nodes account-
ed for 65.91%, and the blood flow signals were 
mainly level 3, accounting for 75.00%, which was 
statistically significant difference when compared 
with the non-metastatic lymph node group.
 CT imaging not only can intuitively, accurately 
and in much detail evaluate axillary lymph nodes, 
supraclavicular lymph nodes, pectoralis major and 
minor interstitial lymph nodes, and posterior pecto-
ralis minor lymph nodes, but also comprehensively 
evaluate whether patients with breast cancer have 
distant metastases and invasion of breast muscle, 
and it can guide the scope of axillary lymph node 
dissection during surgery for those with axillary 
lymph node metastasis, with the advantages which 
are not available in other examinations. In CT im-
aging of axillary lymph node, indicators such as 
morphology, size and degree of enhancement of 
lymph node, structure of lymphatic hilus, horizon-
tal diameter ratio of lymph node, and cortical thick-
ness were used to determine whether metastasis 
occurs [22]. The high resolution of CT imaging can 
clearly show the morphological characteristics of 
lymphatic vessels and lymph nodes, and CT value 
of axillary metastatic lymph nodes was significant-
ly higher than that of non-metastatic lymph nodes 
after CT enhanced imaging, which can effectively 
distinguish the presence or absence of lymph node 
metastasis. Taking the aspect ratio of lymph nodes 
with 2:1 as the boundary, the aspect ratio of meta-
static lymph nodes is less than 2 in the most parts, 
and the cortex is eccentric or irregular, while the 
benign enlarged node cortex is shown as concentric 
circles, which is used to further identify metastatic 
and non-metastatic lymph nodes [23]. Peiqi et al 
[24] has evaluated axillary lymph node metastasis 
by using CT imaging, showing that the sensitiv-
ity, specificity and accuracy were 93.0%, 57.6% 
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and 71.6%, respectively. The results of this study 
showed that combined with pathological diagnosis 
as the gold standard, the sensitivity, specificity and 
accuracy of CT diagnosis were 73.86%, 92.08% and 
83.60%, respectively, which may be related to the 
relatively high diagnostic standards in our study, 
with the increased specificity, decreased sensitivity, 
and insufficient sensitivity in single examination.
 In conclusion, the examination of axillary 
lymph nodes based on color Doppler ultrasound 
and CT imaging before breast cancer surgery can 
effectively assess whether axillary lymph nodes are 
metastatic, which has important guiding value for 
deciding the surgical treatment plans. However, 
the single examination has low sensitivity and low 
accuracy. The ultrasound examination is rather no-
table to detect some deeper and smaller lesions for 
the influence of the surrounding tissue structure, 
resulting in reduced sensitivity and missed diag-
nosis [25]. CT examination also has certain limita-
tions, with unsatisfactory sensitivity. The results 
of this study showed that the sensitivity, accuracy 
and negative predictive value of the ultrasound 

combined with CT single examination on the di-
agnosis of axillary lymph node metastasis in breast 
cancer has significantly improved compared with 
that in the single examination, which are 92.05%, 
90.48% and 92.78%, respectively, with statistically 
significant difference (p<0.05). The assessment of 
axillary lymph node status for breast cancer before 
surgery cannot be determined by the result of a 
single examination. The combined examination can 
be used in cross-validation and cross-complement, 
reducing the misdiagnosis and missed diagnosis, 
which has important reference value for guiding 
the clinical decision of treatment plans.
 To sum up, color Doppler ultrasound combined 
with CT examination can significantly improve the 
detected coincidence rate of axillary lymph node 
metastasis in breast cancer before surgery, and pro-
vide a reliable basis for the treatment options on 
breast cancer patients before surgery.
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