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Background: In patients with T1/T2 breast cancer (BC), sentinel lymph node (SLN) status is essential for 
prognosis and treatment. This study investigated the value of conventional ultrasound combined with double 
contrast-enhanced ultrasound in diagnosing the metastasis of SLNs in patients with T1/T2 BC.
Methods: This study employed a prospective design (this diagnostic study was not registered on a clinical 
trial platform), and the participants formed a convenience series. Based on the inclusion and exclusion 
criteria, 163 patients with BC who received treatment in the First Affiliated Hospital of Soochow University 
from July 2017 to December 2021 were included in this study. A total of 165 SLNs from 163 patients with 
T1/T2 BC were analyzed. All patients underwent percutaneous contrast-enhanced ultrasound (PCEUS) 
to trace SLNs before the operation. Subsequently, all patients underwent conventional ultrasound and 
intravenous contrast-enhanced ultrasound (ICEUS) examinations to observe the SLNs. The results of the 
conventional ultrasound, ICEUS, and PCEUS of the SLNs were analyzed. The associations between the risk 
of SLN metastasis and imaging features were evaluated via a nomogram based on the pathological results.
Results: Overall, 54 metastatic SLNs and 111 nonmetastatic SLNs were evaluated. Metastatic SLNs 
displayed a greater cortical thickness, area ratio, eccentric fatty hilum, and hybrid blood flow on conventional 
ultrasound compared with nonmetastatic SLNs (P<0.001). According to PCEUS, 75.93% of metastatic 
SLNs showed heterogeneous enhancement (type II and III), and 73.88% of nonmetastatic SLNs showed 
homogeneous enhancement (type I; P<0.001). According to ICEUS, heterogeneous enhancement (type B/
C, 20.37% vs. 11.71%) and overall enhancement (55.56% vs. 23.42%) were more common in metastatic 
SLNs than in nonmetastatic SLNs (P<0.001). Logistic regression analysis showed that the cortical thickness 
and enhancement type of PCEUS were independent predictors of SLN metastasis. Moreover, a nomogram 
combining these factors showed a high diagnostic ability for SLN metastasis (unadjusted concordance index 
0.860, 95% CI: 0.730–0.990; bootstrap-corrected concordance index 0.853).
Conclusions: The nomogram of cortical thickness and enhancement type of PCEUS could effectively 
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Introduction

The axillary lymph node is the most common site of 
local metastasis in patients with breast cancer (BC) and 
is an important prognostic factor for overall BC survival. 
Sentinel lymph node biopsy (SLNB) is considered the 
standard treatment for axillary staging in patients with T1/
T2 invasive BC (1,2). If metastatic SLN is present, some 
patients may require a second axillary surgery (axillary 
lymph node dissection; ALND) (3,4). Therefore, the 
identification of appropriate candidates who can avoid an 
unnecessary SLNB and proceed directly to ALND is quite 
challenging. Over the years, great efforts have been made 
to develop new, accurate, noninvasive methods to assess the 
status of SLNs before SLNB.

Ultrasound (US) examination is the preferred method 
for evaluating lymph node status in patients with BC. 
Some studies have analyzed the whole ALNs using US, but 
the inclusion of all ALNs in T1/T2 BC patients who are 
clinical axillary negative may lead to an increase in the false-
positive rate and a decrease in accuracy in the diagnosis of 
ALN metastasis (5,6). Zhang et al. (6) used US to analyze 
the entire ALN and found that the sensitivity, specificity, 
and accuracy of axillary US were 69.4%, 81.8%, and 77.0%, 
respectively. Some studies mainly focused on BC features 
to predict the pathology of ALNs, ignoring the imaging 
features of ALNs (7,8). As a new technique of US imaging, 
intravenous contrast-enhanced ultrasound (ICEUS) can 
obtain more perfusion information, which is helpful for 
the differential diagnosis of benign and malignant lymph 
nodes (9,10). After injection of a contrast agent into the 
intracutaneous layer of the areola (percutaneous contrast-
enhanced ultrasound, PCEUS), the sentinel lymph node 
(SLN) can be traced along the enhanced lymphatic vessels, a 
method which has been confirmed to have high consistency 
with the dye method commonly used in the clinic (11,12). 
Previous studies have shown that the enhancement pattern 
of PCEUS correlates with SLN metastasis (13,14). The 
combination of ICEUS and PCEUS (double CEUS) can 
observe the SLN perfusion from both lymphatic vessels 

and venous ways, through which the SLN can be evaluated 
more comprehensively. 

The aim of this study was to investigate the value 
of conventional US combined with double CEUS in 
diagnosing SLN metastases in patients with T1/T2 BC. 
In this study, each SLN was labeled to ensure the US 
features of the lymph node were completely consistent 
with the pathology. Therefore, we could accurately analyze 
the relationships between the US features of SLNs and 
pathology and establish a diagnostic model for SLN 
metastasis. If this model can be used to diagnose SLN 
metastasis efficiently and noninvasively before surgery, it can 
provide more information for clinicians to make treatment 
plans (surgical plans). We present the following article in 
accordance with the STARD reporting checklist (available 
at https://qims.amegroups.com/article/view/10.21037/
qims-22-1175/rc).

Methods

Patients

The prospective study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013) and 
approved by the Ethics Committee of the First Affiliated 
Hospital of Soochow University (No. 2016108). Informed 
consent was obtained from all the patients. The participants 
formed a convenience sample, with the sample size of this 
study being determined based on feasibility considerations.

A total of 174 female patients with BC treated in the 
First Affiliated Hospital of Soochow University from July 
2017 to December 2021 were initially enrolled in our 
study. The inclusion criteria were as follows: (I) patients 
with TI/T2 invasive BC confirmed by pathology, (II) 
patients with clinically ALN-negative BC (with negative 
or suspected ALN under US), (III) patients with a single 
tumor, and (IV) patients scheduled to undergo SLNB. 
The exclusion criteria were as follows: (I) patients with 
positive axillary US [absence of fatty hilum and transverse 
to longitudinal diameter ratio (T/L ratio) ≤1], (II) patients 

diagnose SLN metastasis in patients with T1/T2 BC.

Keywords: Ultrasonography; sentinel lymph node (SLN); contrast-enhanced ultrasound; breast cancer (BC)

Submitted Oct 28, 2022. Accepted for publication Mar 17, 2023. Published online Apr 04, 2023.

doi: 10.21037/qims-22-1175

View this article at: https://dx.doi.org/10.21037/qims-22-1175

https://qims.amegroups.com/article/view/10.21037/qims-22-1175/rc
https://qims.amegroups.com/article/view/10.21037/qims-22-1175/rc


Quantitative Imaging in Medicine and Surgery, Vol 13, No 6 June 2023 3453

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(6):3451-3463 | https://dx.doi.org/10.21037/qims-22-1175

Metastatic SLN
 (n=54)

Non-metastatic SLN 
(n=111)

According to the inclusion and exclusion criteria, 174 breast cancer patients were 
enrolled

 (T1 and T2)

Excluded: no ALN enhancement under PCEUS (7 patients)

Excluded: SLN labeling failed during surgery (the marker was 
not in the SLN) (4 SLNs of 4 patients)

All patients underwent PCEUS to trace SLNs 

169 SLNs of 167 patients were examined by conventional ultrasound and ICEUS
These SLNs were labeled by tissue markers before surgery 

These labeled SLNs were removed individually during surgery

Figure 1 A flowchart showing the patient selection. SLN, sentinel lymph node; PCEUS, percutaneous contrast-enhanced ultrasound; 
ICEUS, intravenous contrast-enhanced ultrasound; ALN, axillary lymph node.

with positive ALN confirmed by pathology, (III) patients 
with inflammatory BC, (VI) patients allergic to the contrast 
agent, and (V) patients who had received therapy. The 
processes of inclusion and exclusion of study participants is 
shown in Figure 1.

Instruments and methods

Ultrasonography was performed using the Resona7 
(Mindray Medical International) and MyLab ClassC (Esaote 
Group) US systems equipped with high-frequency linear 
array probes. Conventional US was performed with LA523 
or L14-6WU probes. CEUS imaging was performed 
with LA522 or L11-3U probes. To reduce microbubble 
destruction, low mechanical index (MI) values were applied 
(MI 0.02–0.07). The contrast agent used in this study was 
SonoVue (Bracco SpA). The breast tissue marker needles 
(Model 864017D, containing a marker approximately 3 mm 
in diameter) were manufactured by Bard. Nonabsorbent 
sutures supplied by Ethicon were used. The SLN tracers 
were carbon nanoparticles suspension injection (Lummy 
Pharmaceutical Co., Ltd.) and methylthioninium chloride 

injection (Jumpcan Pharmaceutical Group).

Conventional US, double CEUS, and SLN localization

All patients were examined with US in the supine position 
with their arms in the abduction position to fully expose 
the affected breast and armpit. The procedure consisted of 
4 steps. (I) For PCEUS, the contrast agent was prepared by 
adding 5.0 mL of normal saline to SonoVue dry powder. 
The areola skin of each patient was sterilized. A total dose of 
4.0 mL of the US contrast agent SonoVue was then injected 
into the intracutaneous layer of the areola at the 12, 3, 6, 
and 9 o’clock positions (i.e., 4 injections of 1.0 mL), and 
the areola area was massaged for 30 seconds. The probe for 
CEUS (LA522, L11-3U) was then selected, and the contrast 
mode was applied. First, the lymphatic vesselsnext to the 
areola were examined. Then, continuous dynamic scanning 
to the axillary direction along the enhanced lymph channels 
(LCs) was applied to find the enhanced lymph node (i.e., 
the SLN), and the filling of contrast medium in SLNs was 
observed. The videos were saved to a hard disk. (II) For 
conventional US, the probe for conventional US (LA523, 
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Figure 2 Pictures showing the modified breast tissue marker needle before and during the surgery. (A) Under the guidance of US, the 
modified tissue marker needle was punctured into the SLN. (B) The suture in the skin of the axilla. (C) The marked SLN was also reported 
as “black” during the procedure. SLN, sentinel lymph node; US, ultrasound.

L14-6WU) was selected. The position, shape, echotexture, 
and internal blood flow of SLNs were then observed and 
recorded, and the maximum long-axis and the maximum 
short-axis view of SLNs were selected. (III) For ICEUS, 
the probe for CEUS (LA522, L11-3U) was selected, and 
the contrast mode was chosen. After the agents in LCs and 
SLNs were absorbed, the maximum long-axis section of 
the lymph nodes was selected, and 2.0 mL of the agents 
were intravenously injected. The contrast agent perfusion 
of SLNs was immediately observed for about 90 seconds. 
The video image was stored on a hard drive. (Ⅳ) For SLN 
localization, a breast tissue marker needle was modified by 
tying a suture to the tissue marker and then insertion of 
the tissue marker with a suture into the positioning needle. 
After axillary disinfection and subcutaneous local infiltration 
anesthesia, under the guidance of US, the modified tissue 
marker needle was punctured into the SLN. The tissue 
marker with a suture was ejected and left in the lymph node. 
The end of the suture tied to the marker was exposed to the 
skin (Figure 2). The above examinations (conventional US 
and double CEUS) were conducted on the day before the 
SLNB.

Surgery and pathology

During surgery, 0.1 mL of carbon nanoparticles and 0.5 mL 
of methylthioninium chloride were treated by intradermal 
injection around the areola. The SLNB was performed in 
the axilla to find the stained lymph nodes and the marked 
lymph nodes along the surgical suture. The labeled node 
(Figure 2) and other stained nodes were removed separately 

for pathological examination (hematoxylin and eosin 
staining). Pathologically, SLNs were divided into the 
nonmetastatic SLN group and the metastatic SLN group.

Image analysis

Two senior sonographers analyzed all images independently 
without knowing the patient’s clinical information or 
postoperative pathological findings. The maximum section 
of SLNs was selected, and the longitudinal diameter, 
transverse diameter, and cortical thickness were measured. 
All data were measured 3 times, and an average value 
was obtained. After a review of the PCEUS videos, the 
enhancement was divided into 3 types (Figure 3) according 
to the different perfusion features of SLNs: type I, an SLN 
with homogeneous enhancement; type II, margins of the 
SLN with annular enhancement and weak or no internal 
enhancement; and type III, other obvious heterogeneous 
enhancement types except for annular enhancement. After 
the videos of ICEUS were reviewed, the enhancement 
was divided into 3 types (Figure 4): type A, an SLN with 
obvious and homogeneous enhancement; type B, obvious 
heterogeneous enhancement with focally weak or no 
enhancement in the fatty hilum; and type C, obvious 
heterogeneous enhancement with focally weak or no 
enhancement in the cortex). Meanwhile, the enhancement 
direction of SLNs was evaluated: the centrifugal type was 
enhancement from the fatty hilum to the cortex; the overall 
type was synchronous enhancement in the cortex and fatty 
hilum; and the centripetal type was enhancement from the 
periphery to the center (i.e., the enhancement starting from 
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Figure 3 Three enhancement types of SLNs shown by PCEUS. (A) Type I: the SLN showed homogeneous enhancement. (B) Type II: 
the margin of the SLN was annular enhancement with weak or no internal enhancement (annular enhancement). (C) Type III: other 
heterogeneous obvious enhancement types except for annular enhancement. SLN, sentinel lymph node; PCEUS, percutaneous contrast-
enhanced ultrasound.

the cortex part of the lymph node). If the sonographers’ 
interpretations were inconsistent, an agreement was reached 
after discussion in order to obtain the final diagnosis.

Statistical analysis

The interobserver and intraobserver agreements were 
evaluated by calculating the kappa value or intraclass 
correlation coefficient (ICC value), respectively. The kappa 
value was calculated for continuous variables, and the ICC 
value was calculated for continuous variables. The Shapiro-
Wilk test was used to verify the normality of quantitative 
data. If the data fit the normal distribution, they are 
expressed as the mean and standard deviation (SD), and 
the difference was compared with the t-test. If the data did 
not fit the normal distribution, they are expressed as the 
median and interquartile range (IQR), and the difference 
was compared with a nonparametric test. Qualitative data 
were statistically analyzed with the χ2 test or Fisher exact 
test. Logistic regression analysis was performed based on 
the significant variables obtained from univariate analysis. 
Receiver operating characteristic (ROC) curves were used 
to assess the accuracy, specificity, sensitivity, and 95% 
CI of the prediction model. All statistical analyses were 
performed using SPSS 20.0 (IBM Corp.). A P value <0.05 
was regarded as statistically significant. Among the variables 
included in the multivariate regression, cortical thickness 
was the continuous variable, and other variables were 
categorical variables. The references of fatty hilum, blood 
flow classification, PCEUS enhancement type, ICEUS 

enhancement type, and ICEUS enhancement direction were 
central, central, type Ⅰ, type A, and centrifugal, respectively.

A nomogram was formulated based on the multivariate 
logistic regression analysis results and by using the “rms” 
package of R version 4.0 (http://www.r-project.org/). The 
predictive performance of the nomogram was measured 
with the concordance index (C-index) calibrated with 1,000 
bootstrap samples to decrease the overfit bias. 

Results

Clinical characteristics of the patients

Four markers were found in the adipose tissue but not 
the lymph nodes, and these cases were excluded. A total 
of 163 patients were analyzed in this study, including 152 
invasive ductal carcinomas, 4 invasive lobular carcinomas, 
4 mucinous adenocarcinomas, and 3 solid papillary 
carcinomas. The median age was 54.00 years (IQR, 46.00–
61.50 years; range, 28–80 years). A total of 165 SLNs were 
labeled with the modified tissue marker needles. All labeled 
lymph nodes were stained with dye during surgery. Based 
on the pathologic findings, 54 SLNs were metastatic lymph 
nodes, and 111 SLNs were nonmetastatic lymph nodes. No 
associated adverse events occurred in this study.

The interobserver reproducibility of US image 
characteristics between the 2 senior sonographers for 165 
SLNs was high. The ICC values of breast tumor size, T/L 
ratio, and cortical thickness were 0.993, 0.995, and 0.996, 
respectively. The kappa values of fatty hilum, blood flow 
classification, PCEUS enhancement type, and ICEUS 

http://www.r-project.org/
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Figure 4 Three enhancement types of SLNs shown by ICEUS. (A-C) Type A: the SLN was obviously and homogeneously enhanced. 
Pathologically (HE, ×40), HE staining showed that the lymph node structure was normal. (D-F) Type B: heterogeneous obvious 
enhancement with focal weak or no enhancement in the fatty hilum (white arrow). Pathologically (HE, ×100), the SLN was often adipose 
metaplasia, which showed the boundary between lymphatic tissue and adipose tissue is not clear (blue arrow). (G-I) Type C: heterogeneous 
obvious enhancement with focal weak or no enhancement in the cortex (red arrow). Pathologically (HE, ×200), the metastatic site is a red 
star, and the normal lymphatic tissue is a white star. HE, hematoxylin and eosin; SLN, sentinel lymph node. 

enhancement type and direction were 0.867, 0.938, 0.927, 
0.911, and 0.923, respectively.

Ultrasonographic features of SLNs

Table 1 summarizes the differences in age, characteristics 
of conventional US, PCEUS, and ICEUS between the 

metastatic SLN group and the nonmetastatic SLN group. 
The cortical thickness of SLNs in the metastasis group 
was larger than that of those in the nonmetastatic group 
(P<0.05). Eccentric or absent fatty hilum and hybrid blood 
flow were more common in the metastatic group than in 
the nonmetastatic group. After PCEUS, SLNs tended 
to show heterogeneous enhancement (type II and III) in 
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Table 1 Characteristics of conventional US, PCEUS, and ICEUS in the metastatic SLN group and the nonmetastatic SLN group

Characteristic Metastatic SLN (n=54) Nonmetastatic SLN (n=111) U/χ2 P value

General characteristic 

Age (years) 53.50 (45.75–61.50) 54.00 (46.00–62.00) 2,995.500 0.996

Conventional US characteristics of SLN 

Breast tumor size (mm) 21.00 (16.75–26.00) 20.00 (15.00–27.00) 2,660.500 0.242

T/L ratio 2.01 (1.66–2.37) 2.00 (1.77–2.38) 2,647.500 0.225

Cortical thickness (mm) 4.25 (2.78–6.13) 2.30 (1.80–3.00) 961.000 <0.001

Fatty hilum 15.854 <0.001

Central 42 (77.78) 108 (97.30) 

Eccentric 10 (18.52) 2 (1.80)

Absent 2 (3.70) 1 (0.90)

Blood flow classification 45.706 <0.001

Central 29 (53.70) 107 (96.40)

Hybrid 25 (46.30) 4 (3.60)

PCEUS

Enhancement type 44.249 <0.001

Type I 13 (24.07) 82 (73.88)

Type II 9 (16.67) 15 (13.51)

Type III 32 (59.26) 14 (12.61)

ICEUS

Enhancement type 19.628 <0.001

Type A 43 (79.63) 98 (88.29)

Type B 1 (1.85) 12 (10.81)

Type C 10 (18.52) 1 (0.90)

Enhancement direction 19.247 <0.001

Centrifugal 22 (40.74) 84 (75.68)

Overall 30 (55.56) 26 (23.42)

Centripetal 2 (3.70) 1 (0.90)

Data are represented as median (interquartile range) or n (%). US, ultrasound; SLN, sentinel lymph node; T/L ratio, transverse to 
longitudinal diameter ratio; PCEUS, percutaneous contrast-enhanced ultrasound; ICEUS, intravenous contrast-enhanced ultrasound.

the metastatic group. After ICEUS, 55.56% of SLNs in 
the metastatic group showed overall enhancement, while 
75.68% of SLNs in the nonmetastatic group showed 
centrifugal enhancement. Perfusion defects were observed 
in the lymph nodes of both groups. However, the perfusion 
defects were mostly found in the cortex (type C; 10/11) in 
the metastatic group and mainly in the fatty hilum (type B; 
12/13) in the nonmetastatic group. There was no statistical 

significance between SLNs of the metastatic group and the 
nonmetastatic group in terms of age, breast tumor size, or 
T/L ratio (all P>0.05).

The multivariate logistic regression analysis of the 
significant variables obtained with univariate analysis in 
(Table 1) showed that cortical thickness and enhancement 
type of PCEUS were independent correlated factors 
of SLN metastasis (Table 2). The ROC curve is shown 
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in Figure 5. The area under the curve (AUC) value of 
the cortical thickness of SLN for the diagnosis of SLN 
metastasis was 0.840 (95% CI: 0.775–0.892), the AUC 

value of the enhanced type of PCEUS for the diagnosis 
of SLN metastasis was 0.779 (95% CI: 0.707–0.839), and 
the AUC value of the combined diagnosis was 0.858 (95% 
CI: 0.795–0.907). The sensitivity of the cortical thickness, 
the enhanced type of PCEUS, and the combined model 
was 66.67% (36/54), 75.93% (41/54), and 70.37% (38/54), 
respectively. The specificity of the cortical thickness, the 
enhanced type of PCEUS, and the combined model was 
88.29% (98/111), 73.87% (82/111), and 93.69% (104/111), 
respectively. 

Establishment of the ultrasonic nomogram

A nomogram that assessed the risk of SLN metastasis was 
constructed using the abovementioned independent risk 
factors (Figure 6). The bootstrap validation method was 
used for internal validation of the generated model. The 
nomogram demonstrated good accuracy in estimating the 
risk of SLN metastasis, with an unadjusted C-index of 0.860 
(95% CI: 0.730–0.990) and a bootstrap-corrected C-index 
of 0.853. In addition, calibration plots graphically showed 
good agreement for the presence of metastasis between 
the risk estimation of the nomogram and histopathologic 

Table 2 Univariate and multivariate logistic regression analyses 

Characteristics
Univariate analysis Multivariate analysis 

OR 95% CI P value OR 95% CI P value

General characteristic 

Age (years) 1.002 0.976–1.030 0.865

Conventional US characteristics of SLN 

Breast tumor size (mm) 1.016 0.981–1.052 0.380

T/L ratio 0.633 0.317–1.265 0.195

Cortical thickness (mm) 2.730 1.938–3.845 <0.001* 2.259 1.400–3.646 0.001

Fatty hilum 5.863 1.900–18.093 0.002*

Blood flow classification 23.060 7.431–71.560 <0.001*

PCEUS 

Enhancement type 3.797 2.472–5.831 <0.001* 2.341 1.394–3.929 0.001

ICEUS 

Enhancement type 2.264 1.255–4.085 0.007*

Enhancement direction 4.033 2.091–7.780 <0.001*

*, significant at univariate analysis and onward to multivariate analysis. OR, odds ratio; CI, confidence interval; US ultrasound; SLN, 
sentinel lymph node; T/L ratio, transverse to longitudinal diameter ratio; PCEUS, percutaneous contrast-enhanced ultrasound; ICEUS, 
intravenous contrast-enhanced ultrasound.
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confirmation on surgical specimens (Figure 7). Based on 
the Youden index, the diagnostic probability cutoff point 
was set at 0.429, meaning that if the model-diagnostic 
probability of SLN metastasis was >0.429, the SLN was 
considered metastatic. Through the analysis of the ROC 
in the combined model, we obtained a cutoff score of  
3.6 mm. The cutoff values for diagnosing metastatic SLNs 
in the combined model were 3.6 mm and type II in cortical 
thickness and PCEUS enhancement type, respectively. The 

sensitivity, specificity, positive predictive value, and negative 
predictive value were 70.37% (38/54), 93.69% (104/111), 
84.44% (38/45), and 86.67% (104/120), respectively. The 
results of the comparison of surgery and the combined 
model diagnosis are shown in Table 3.

Discussion

In this study, we analyzed and summarized the conventional 
US and CEUS features of metastatic SLNs in patients with 
BC. Following this, we developed and validated a simple-
to-use nomogram-illustrated model for diagnosing the 
probability of SLN metastasis. 

In this study, all labeled lymph nodes were stained, which 
demonstrated that PCEUS localization of SLNs had a 
high consistency with the dye method, a finding that was 
consistent with previous literature reports (11,12). However, 
during the operation, we found that 4 markers were not in 
the lymph nodes. A review of US images of these patients 
found that the SLNs enhanced by PCEUS were small. The 
reasons these markers were not in the lymph nodes may be 
that the marker was not successfully inserted into the lymph 
node due to technical reasons during the puncture or the 
marker was pulled out of the lymph node during surgery.

The univariate analysis indicated that the cortical 
thickness and fatty hilum of SLNs were significantly 
different in the metastatic and nonmetastatic lymph 
nodes. In addition, the cortex of the metastatic SLN was 
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Figure 6 Instructions for using the nomogram. Draw a line perpendicular from the corresponding axis of each risk factor until it reaches the 
top line labeled “Points”. To determine the metastasis rate of SLN, the number of points for all risk factors is summed, and a line is drawn 
descending from the axis labeled “Total Points”. PCEUS, percutaneous contrast-enhanced ultrasound. SLN, sentinel lymph node.
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Figure 7 The calibration curve of the nomogram calculated with 
internal authentication. The calibration plots of the nomogram 
showed good correlation between assessed and observed outcomes.
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Table 3 The results of the comparison of surgery and the combined model diagnosis

Category
The combined model

Total Statistical value
Metastatic SLN Nonmetastatic SLN

The surgical result χ2=75.169; P<0.001

Metastatic SLN 38 (70.37%) 16 (29.63%) 54

Nonmetastatic SLN 7 (6.31%) 104 (93.69%) 111

Total 45 120 165

SLN, sentinel lymph node. 

thicker, and the fatty hilum was prone to eccentricity or 
disappearance. These findings are consistent with the 
results of previous studies (15-19). In a previous study, the 
blood flow in metastatic lymph nodes was mostly peripheral 
or hybrid (13). In our study, the metastatic lymph nodes 
mostly showed hybrid blood flow (no peripheral blood 
flow was found), which may be related to the inclusion 
criteria. In this study, we mainly focused on patients with 
negative or suspected positive axillary US preoperatively 
and excluded patients highly suspected for metastatic lymph 
nodes according to US (T/L ratio ≤1 and absent fatty 
hilum), while peripheral blood flow was often present in 
lymph nodes with absent fatty hilum and a T/L ratio ≤1. In 
this study, the mean size of breast tumors in the metastatic 
group (21 mm) was slightly larger than that in the 
nonmetastatic group (20 mm), but there was no significant 
statistical difference. There may be 2 reasons for this : 
first, the amount of data in this study was small and only 
consisted of 54 cases in the metastasis group; second, cases 
with a positive US diagnosis (possibly larger breast lesions) 
were excluded at the time of enrollment in this study.

The enhancement of SLNs traced by PCEUS was 
divided into 3 types according to the distribution of contrast 
agents in the lymph nodes, which is inconsistent with the 
data reported in previous studies (20-22). In our study, 
patients with enhanced lymphatic vessels but no obvious 
enhanced lymph nodes were excluded from the study. The 
results indicated that the enhancement of nonmetastatic 
SLNs tended to be type I with homogeneous enhancement, 
while that of metastatic SLNs tended to be type II or III 
with heterogeneous enhancement. The reason for this 
finding may be that lymph node metastasis is mainly caused 
by tumor cells entering lymph nodes through LCs, which 
leads to the destruction of the normal structure of lymph 
nodes (23). In this case, the contrast agent cannot flow into 
the tissue after entering LCs, thus forming filling defects.

Previous studies indicated that the enhancement type of 

metastatic SLNs tended to be centripetal (24,25). However, 
our study showed that metastatic SLNs tended to have a 
synchronous enhancement in the cortex and fatty hilum, 
which can be described as an overall enhancement. The 
reason for this finding may be that lymph nodes in this 
group were mainly nodes with fatty hilum, while some 
nodes in which fatty hilum completely disappeared were 
excluded. In comparison, the nodes that were absent of fatty 
hilum were more likely to have centripetal enhancement. 
Metastatic lymph nodes were prone to necrosis, which 
could be seen as filling defects with ICEUS (26). It was also 
found that the filling defects of metastatic lymph nodes 
were mostly in the cortical region, while the filling defects 
of nonmetastatic lymph nodes were mostly in the fatty 
hilum. The reason for these findings may be that the tumor 
cells in the metastatic lymph nodes were first deposited 
in the cortex, and after the formation of the lesions, the 
US images showed the same hypoecho as the cortical 
echo, which was difficult to distinguish from the cortex. 
Therefore, the filling defects caused by tumor ischemia 
necrosis were mainly in the cortex. Nonmetastatic lymph 
nodes generally had thinner cortices, and the defects were 
often shown in the fatty hilum due to inflammation, adipose 
metaplasia, and other factors.

Logistic regression analysis of the significant variables 
obtained with univariate analysis showed that cortical 
thickness and enhancement type of PCEUS were 
independent predictors of SLN metastasis. The combined 
diagnosis of cortical thickness and enhancement type in 
PCEUS showed a better diagnostic efficacy; the ROC curve 
showed an AUC of 0.858 and a 95% CI of 0.795–0.907. 
Compared with those of the 2 single models, the AUC value 
and specificity of the single cortical thickness model were 
higher (0.840 vs. 0.779 and 88.29% vs. 73.87%), while the 
sensitivity of the single PCEUS model was higher (66.67% 
vs. 75.93%). Although the AUC value of the combined 
model was not significantly increased compared with that 



Quantitative Imaging in Medicine and Surgery, Vol 13, No 6 June 2023 3461

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(6):3451-3463 | https://dx.doi.org/10.21037/qims-22-1175

of the single cortical thickness model, the sensitivity and 
specificity were improved (sensitivity 70.37%, specificity 
93.69%). Unfortunately, the observation indexes of ICEUS 
in this study were not included in the final model. This 
does not mean that ICEUS has no value in identifying SLN 
metastasis. The number of cases in this study was small; 
therefore, the quantitative parameters of the ICEUS data 
were not analyzed. We will try to overcome these problems 
and improve the model in future research.

Nomograms can provide personalized, evidence-based, 
and highly accurate risk assessment for all visualized models. 
The nomogram’s main attraction is its convenience, which 
can help physicians make management-related decisions. 
Previous nomograms to predict the risk of SLN metastasis 
were mostly based on the size, location, immunotyping, 
and other factors of the breast tumor (7,8). In this study, 2 
variables were included in the nomogram to estimate the 
possibility of metastasis according to the US features of 
SLNs, which showed good diagnostic efficacy. Patients could 
be informed of the possibility of SLN metastasis and decide 
how to manage the ALNs. According to this nomogram, 
if the diagnostic probability of SLN metastasis is >0.429, 
the SLN is considered metastatic (27), and targeted biopsy 
can be performed under US guidance. Then, if a patient 
has more than 2 SLNs with metastasis, the ALND may be 
directly operated on instead of the patient undergoing an 
SLNB. The SOUND (Sentinel Node vs. Observation after 
Axillary Ultrasound) trial (28) proposed a hypothesis that 
accurate preoperative axillary ultrasound evaluation may 
replace SLNB, so that some patients with small BC can be 
exempted from SLNB. This prospective trial is ongoing. In 
the near future, if the SOUND trial reports the expected 
outcomes and the SLNs of patients are all low risk (metastatic 
probability), the SLNB may be exempted. However, based 
on the current risk diagnostic model, comparative studies 
are needed to evaluate the model’s prognostic effect to guide 
surgical planning.

Our study had some limitations. First, it was a single-
center study with a relatively small sample size. Larger, 
multicenter studies may provide further information with 
respect to the study. Second, due to the lack of suitable 
analysis software, the quantitative parameters of the ICEUS 
data were not analyzed in this study. Third, this model was 
not externally validated.

Conclusions

Based on the results of multivariate analysis, we developed 

a nomogram based on the cortical thickness and PCEUS 
enhancement type of SLNs, which can be used to diagnose 
SLN metastasis before SLNB. The predictive performance 
of the nomogram was good. This nomogram can be used 
as a tool to assist clinicians in assessing SLN metastasis in 
patients with early-stage BC.
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