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Abstract 

Background  Breast cancer is the most frequent cancer affecting females. It represents leading cause of death 
from all cancers in females. Traditionally, axillary staging was surgically assessed by axillary lymph node dissection 
(ALND), which is associated with complications. Sentinel lymph node biopsy (SLNB) is a minimally invasive surgical 
method for axillary staging in patients with primary breast cancer with lower morbidity and better quality of life. Clini-
cal examination of the axilla is usually associated with a high false negative rate, so role of imaging is crucial to identify 
lymph nodes with or without suspicious features, to predict the pathological state of the lymph nodes and to direct 
the diagnostic and therapeutic process toward SLNB, ALND, or chemotherapy. Aim of this study was to assess axillary 
lymph nodes in breast cancer patients by magnetic resonance imaging and functional MRI preoperatively to deter-
mine its nature and eliminate invasive procedures as invasive dissection used in diagnosis.

Results  Lymph node size cannot significantly predict malignant infiltration with p value 0.425, using cut-off value 
of 21.5 mm, with a sensitivity of 14.6% and specificity of 100%. Cortical thickness of lymph nodes can significantly 
predict malignant infiltration with p value 0.006, using cut-off value of 4.5 mm, with a sensitivity of 68.8%, specificity 
of 62.5%, and diagnostic accuracy of 64.1%. ADC can significantly predict lymph node infiltration with p value 0.011, 
using a cut-off value of 0.99, with sensitivity of 43.85, specificity of 100%, diagnostic accuracy of 57.8%, and AUC 
of 71.4%. There was a statistically significant correlation between pathological findings and DCE-MRI curve type III 
with p value 0.0001, showing a sensitivity of 37.5%, specificity of 100%, and diagnostic accuracy of 84.4% for detection 
of malignant lymph nodes.

Conclusions  Cortical thickness and effaced fatty hilum of lymph nodes can significantly predict malignant infiltra-
tion, while lymph node size cannot significantly predict malignant infiltration. Diffusion weighted images and ADC 
maps can be of significant value in predicting metastatic lymph nodes with approximate ADC cut-off value of 0.99. 
Kinetic MRI features of the axillary lymph nodes are not reliable enough to be used alone in the clinical management 
of breast cancer patients.
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Background
Breast MRI is useful in evaluation of breast cancer 
tumor extent and in assessing treatment response fol-
lowing neoadjuvant chemotherapy as well. The advan-
tage of MRI over US is that MRI gives a more global view 
of both axillae, increasing the detection of potentially 
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abnormal LNs as well as allowing comparison of the axil-
lae irrespective to the patient body habitus. Also, it is less 
operator-dependent and more objective than US. So, it is 
important to include the axillary regions in breast MRI 
examinations [1, 2].

Diffusion-weighted (DW) MRI is a valuable MRI 
sequence that does not need IV contrast injection. It 
showed promising results in differentiating benign from 
malignant breast lesions in a relatively short imaging 
acquisition time. DW MRI has sensitivity to tissue char-
acteristics as membrane integrity, cell density, and micro-
structure, so it might give information complementary 
to that obtained with dynamic contrast enhanced MRI 
(DCE-MRI). Recent studies of breast DW MRI showed 
that the apparent diffusion coefficient (ADC) was sig-
nificantly lower in malignant breast lesions compared to 
benign lesions and normal tissues. Recent several studies 
showed variable specificities (77–91%) and sensitivities 
(53.8–94%) of DW MRI for axillary lymph node metas-
tases [3].

Although MR imaging allows for the analysis of both 
axillae, morphological analysis is limited compared to 
ultrasound, as the main criteria as round shape and intra-
cortical nodule are rather not specific [4, 5]. Yet, irregu-
lar cortical thickening, loss of hilum, irregular edges, 
and asymmetry in number and/or size of lymph nodes 
compared to contralateral axilla present some useful 
MR imaging criteria that help to detect nodal invasion 
[4, 5] MR imaging is also effective in detecting perinodal 
edema signal that can be easily seen on T2WIs as well as 
the more important invasions with a ring-like enhance-
ment representing central necrosis [5, 6]. Similarly, DW 
MR images using high b-values (750–1200  s/mm2) are 
useful in detection of metastatic lymph nodes, especially 
those on the limits of the field of view, which must be 
confirmed whether or not they are pathological by ana-
lyzing the conventional images as (T1- and T2-weighted 
sequences) [7]. ADC measurement could also be useful 
in characterizing pathological nodes. An ADC value less 
than 1 × 10−3  mm2/s is considered pathological [5, 8]. 
Several studies have found that performing ultrasound-
guided FNA in lymph nodes with normal morphology on 
ultrasonography could increase sensitivity in detecting 
metastases, particularly in patients with larger tumors. 
However, US-guided FNA is an invasive method to diag-
nose metastases. In addition, its sensitivity is relatively 
low (39.5–86%), yet its specificity is high (95–100%) [9, 
10].

Magnetic resonance imaging can be used in determi-
nation of axillary lymph nodes status with the added 
benefits of giving a global view of both axillae regardless 
of the patient’s habitus as well as the functional analysis 
of both the breast lesion and lymph nodes [1]. Imaging 

still plays a very important role in guiding axillary lymph 
node excision or SLNB. MRI aims to minimize interven-
tion while preserving or even enhancing the patient out-
come [1].

Aim of this study was to assess axillary lymph nodes 
in breast cancer patients by magnetic resonance imag-
ing and functional MRI preoperatively to determine its 
nature and eliminate invasive procedures as invasive dis-
section used in diagnosis.

Methods
This is a prospective study that included 64 females dur-
ing the period from April 2021 to July 2022. The age 
of the patients ranged from 34 to 76  years (mean age 
52.7 ± 10.1 SD). Patients with pathologically proven 
breast cancer having indeterminate or infiltrated lymph 
nodes were targeted by our study. They presented to the 
General Surgery Department at our general hospital with 
variable complaints, including breast lump and axillary 
lumps. The patients underwent full history taking and 
clinical examination then were referred to the female 
imaging unit in the radiology department, for full field 
digital mammography, ultrasound, and biopsy.

The selected patients then had dynamic contrast-
enhanced MRI of both breasts done for them. This study 
was conducted after institutional and departmental ethi-
cal clearance and informed consent was obtained from 
patients or their authorized representatives. Ethics com-
mittee code: MD-94-2021.

Inclusion criteria
All patients with histopathologically proven breast can-
cer, who did digital mammography and breast ultrasound 
and had pathological (indeterminate or infiltrated) lymph 
node in ultrasound study and who had no contraindica-
tion to MRI, were included in our study.

Exclusion criteria
Patients with benign breast masses or patients lost to 
histopathology were excluded from the study. Patients 
who had a contraindication to MRI, e.g., implanted car-
diac pacemaker, cochlear implant, or a contraindication 
to MRI contrast material (renal impairment, allergic 
patients, or those known to have history of anaphylac-
tic reaction from contrast media). Patients with normal 
breast study or proven cases of breast cancer yet absent 
axillary lymph nodes were also excluded from the study. 
A flowchart has been plotted showing how the patient 
population was selected during the current study (Fig. 1).

All patients were submitted to the following 1. Demo-
graphic and clinical data collection, including patient’s 
name, age, marital status, residence, and diagnosis. 2. 
Imaging procedure: All patients underwent post-contrast 
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MRI and ultrasound examination of breast and axilla. 
MRI protocol and ADC value calculation: MRI Protocol 
Equipment The study was conducted on 1.5 Tesla MRI 
machine (Philips Achieva and Intera, Amsterdam, Neth-
erlands). Patient Preparation The patient was asked to 
empty the urinary bladder prior to the study. A cannula 
was applied in an antecubital vein for contrast injection. 
The catheter was then tested with small amount of man-
ual saline injection to ensure adequate positioning and 
patency. The patient then lied prone on the MRI table, 
and both breasts were inserted into a dedicated double-
breast coil. Image Acquisition Includes the standard MR 
protocol for breast MR, Diffusion sequences and DCE-
MRI. This is followed by post-processing of the images. 
Standard MRI Protocol Three plane localizers were ini-
tially obtained to localize and plan the sequences using 
fast single-shot localizers. Axial T1WI was obtained with 
the spin echo sequence with the following parameters: 
repetition time/echo time: 10 ms/5 ms; number of exci-
tations: 2; direction of frequency encoding: R/L; section 
thickness: 3  mm; gap: 0.5  mm; field of view: 36–40  cm; 
and matrix: 288 × 224. Axial T2 and Axial and Sagittal 
STIR were obtained with the following parameters: rep-
etition time/echo time, 1.6 ms/20 ms; number of excita-
tions, 3; direction of frequency encoding: R/L; section 
thickness, 3 mm; gap, 1 mm; field of view, 36–40 cm; and 
matrix, 288 × 224. Diffusion-Weighted (DW) MRI Proto-
col DW-MRI technique was performed using single-shot 
echo planar imaging together with fat suppression. The 

following parameters were used; 5000 ms/75 ms (repeti-
tion time/echo time), 5 mm (section thickness), 256 × 256 
(matrix), 30 × 30  cm (field of view),and 3  mm (section 
gap). Regarding b-value in our study, three b-values 
were used; 0, 500, and 1000 s/mm2. The apparent diffu-
sion coefficient (ADC) maps were calculated by the MR 
system via linear regression analysis of the natural log 
of signal intensity using all b-values. Dynamic contrast-
enhanced (DCE) MRI Protocol Six dynamic acquisitions, 
one before and 5 after intravenous injection of contrast, 
with and without subtraction, were obtained in the axial 
plane. Contrast medium used was 0.1  mmol/kg body 
weight of Gadolinium-diethylenetriamine penta-acetic 
acid; Gd-DTPA), injected manually at a rate of 2 ml/s and 
using the dynamic THRIVE sequence (T1 high-resolu-
tion isotropic volumetric examination) (TR/TE = 5/2 ms) 
in 1.6-mm slice thickness. Post-processing: Choice of Tar-
geted Lymph Nodes Lymph nodes were targeted by their 
side and level obtained on ultrasound aided by their mor-
phology on T1WIs; if the lymph node cannot be identi-
fied, then the closest lymph node to the lesion (sentinel 
lymph node) was selected. If multiple lymph nodes were 
presented in the same axilla, the largest most suspicious 
node was analyzed.

DW‑MR imaging ADC value calculation
Signal intensity (SI) in DW images and ADC maps was 
recorded, and ROIs were drawn manually on the ADC 
map. ROIs were defined as slightly smaller than the 

Fig. 1  Flowchart showing patient selection
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actual nodes in order to reduce partial volume effects. 
Mean ADC values were recorded. Diffusion restriction 
was evaluated according to the qualitative assessment 
(the signal pattern in DWI and ADC map). Qualitative 
Assessment: Visual assessment of signal intensity in DW 
images at b 500 and 1000 and the corresponding ADC 
map images was determined and classified as follows: 
Free diffusion high or intermediate SI on DWI without 
decrease in SI on the corresponding ADC map. Restricted 
diffusion high or intermediate SI on DWI with total 
decrease or loss of SI on the corresponding ADC map. 
Quantitative Assessment: Mean ADC value was calcu-
lated by manually drawing regions of interest (ROI) in 
the most restricted (hypo-intense) portion of the selected 
LN on the ADC map. Multiple measurements were 
acquired, and the mean value was calculated. DCE-MR 
Imaging Dynamic curve acquisition was done by apply-
ing the ROI voxel upon the cortex of the targeted lymph 
node. The most malignant curve was considered for each 
lymph node. Acquired curves were grouped into three 
types: type I (rising, benign), type II (plateau, indetermi-
nate), and type III (declining, malignant) curves. Images 
were interpreted by two experienced breast radiologists 
of 12- and 26-year experience. Interpretation was done in 
consensus.

Standard reference
MR Imaging findings were compared with pathological 
results obtained after surgery (50 cases) or after fine nee-
dle aspiration cytology (FNAC) (14 cases) of the lymph 
node.

Statistical analysis
Statistical analysis was conducted using SPSS 22nd edi-
tion, and quantitative data were presented in mean and 
standard deviation. Categorical data were presented in 
frequency and percentages and were compared using 
McNamar test. Sensitivity, specificity, NPV, PPV, and 
diagnostic accuracy were calculated using 2 × 2 contin-
gency tables. Sensitivity analysis was conducted to assess 
diagnostic ability of MRI findings of axillary lymph nodes 
for positive malignant infiltration. Any p value < 0.05 was 
considered significant.

Results
A total of 64 females were assessed using breast MRI for 
axillary LN infiltration by malignant cells, and they had a 
mean age of 52.7 years.

Demographics The age of patients included in the study 
ranged from 34 to 76 years with a mean age 52.7 years. 
Lymph Node Appearance (Table 1): MRI showed that the 
median lymph node size was 12  mm (range 5–60  mm) 
and median cortical thickness was 5  mm (range 

3–30 mm). Examination of fatty hilum showed eccentric 
allocation in 24 (37.5%) patients. Lymph node size cannot 
significantly predict malignant infiltration with p value 
0.425, using cut-off value of 21.5  mm, with a sensitivity 
of 14.6% and specificity of 100% ((Fig. 2) and (Table 2)). 
However, cortical thickness of lymph nodes can signifi-
cantly predict malignant infiltration with p value 0.006, 
using cut-off value of 4.5 mm, with a sensitivity of 68.8%, 
specificity of 62.5%, and diagnostic accuracy of 64.1%. 
(Fig. 3), (Table 3). There was a statistically significant dif-
ference between eccentric and normal fatty hilum status 
with p value 0.0001, with sensitivity of 47.9%, specificity 
of 93.7%, and diagnostic accuracy of 82.3% of eccentric 
hilum for detection of malignant lymph nodes (Table 4).

Pathology findings
Pathological examination showed that 48 (75%) patients 
had malignant lymph nodes, while 16 (25%) patients had 
benign lymph nodes (total 64 lesions).

Table 1  Lymph node appearance by imaging

Lymph node size (mm) Median, range 12.0 5–60

Cortical thickness (mm) Median, range 5 3–30

Fatty hilum

 Normal N, % 40 62.5%

 Eccentric hilum N, % 24 37.5%

Fig. 2  ROC curve showing predictability of lymph node size 
for malignant infiltration
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Diagnostic indices; diffusion‑weighted (DW) MRI
ADC can significantly predict lymph node infiltration 
with p value 0.011, using a cut-off value of 0.99, with sen-
sitivity of 43.85, specificity of 100%, diagnostic accuracy 
of 57.8%, and AUC of 71.4%. (Fig. 4) (Table 5). Dynamic 
contrast-enhanced (DCE) MRI curve of DCE-MRI 
was type I in 19 (29.7%) patients, type II in 27 (42.2%) 
patients, and type III in 18 (28.1%) patients.

Comparison of pathological findings according to type 
of DCE-MRI curve showed that there was a statistically 
significant correlation between pathological findings and 
DCE-MRI curve type III with p value 0.0001, showing a 
sensitivity of 37.5%, specificity of 100%, and diagnostic 

accuracy of 84.4% for detection of malignant lymph 
nodes (Tables 6, 7).

Tables  8, 9, 10, 11, 12, 13 and 14 demonstrate paired 
comparison of combined US findings versus pathology.

Discussion
In 2020, breast cancer accounted for 24.5% of all female-
diagnosed cancers [11]. Traditionally, the axillary staging 
was surgically assessed by axillary lymph node dissection 
(ALND), which is potentially associated with complica-
tions such as uncomfortable postoperative drains, sero-
mas, cellulitis, lymphedema, range-of-motion restriction, 
arm paresthesia, and pain [5]. Sentinel lymph node 
biopsy (SNLB) is a minimally invasive surgical method 
for axillary staging in patients with primary breast can-
cer with lower morbidity and better quality of life [12]. 
Since clinical examination of the axillary cavity is associ-
ated with a high false negative rate, the role of imaging 
becomes crucial to identify lymph nodes with suspi-
cious features, to direct the diagnostic and therapeutic 
process toward SLNB, ALND, or neoadjuvant chemo-
therapy [13]. In recent years, many noninvasive imaging 
modalities have been suggested for this purpose. Axillary 
evaluation using MRI has several advantages over other 
imaging modalities, such as the lack of ionizing radiation 
(compared to PET/CT) or less intra- and inter-observer 
variations (common in ultrasound examinations) [14].

Table 2  Lymph node size

AUC​ p value Diagnostic indices

Cut-off Sensitivity Specificity 95% CI

.567 .425 21.5 14.6% 100% .395 .739

Fig. 3  ROC curve showing predictability of cortical thickness 
for malignant infiltration

Table 3  Cortical thickness

AUC​ p value Diagnostic indices 95% CI

Cut-off Sensitivity Specificity NPV PPV Accuracy

.731 .006 4.5 68.8% 62.5% 85.7% 37.9% 64.1% .598 .864

Table 4  Fatty hilum status

Pathology p value

Malignant Benign

Count Row N % Count Row N %

Fatty hilum

 Normal 25 62.5 15 37.5 0.0001

 Eccentric hilum 23 95.8 1 4.2
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The aim of this study was to assess axillary lymph nodes 
in breast cancer patients by magnetic resonance imag-
ing and functional MRI preoperatively to determine its 
nature and eliminate invasive procedures as invasive dis-
section used in diagnosis. In the current study, 64 females 
were assessed using breast MRI for axillary lymph node 
infiltration by malignant cells. These patients had a mean 
age of 52.7 years. Barco et al. [16] stated that 61.1% of the 
patients had negative nodes, while 38.9% of the patients 
had positive nodes, while in our study, we found that 
75% of the patients had positive lymph nodes, while 25% 
of the patients had negative lymph nodes. In the present 
study, we found that MRI showed that the median lymph 
node size was 12 mm (range 5–60 mm) and median cor-
tical thickness was 5 mm (range 3–30 mm). Examination 
of fatty hilum showed eccentric allocation in 24 (37.5%) 
patients. A study by Baltzer et al. [6] illustrated that the 
mean longest diameter of lymph nodes was 13.0  mm 
versus 16.5  mm in nodal positive versus nodal negative 
cases, whereas in our study, we found that the mean 
longest diameter of lymph nodes was 15.14  mm versus 
13.0  mm in nodal positive versus nodal negative cases, 

respectively. In the current study, we found that lymph 
node size cannot significantly predict malignant infiltra-
tion, in agreement with Baltzer et  al. [6] with a p value 
0.425, using cut-off value of 21.5  mm, with a sensitiv-
ity of 14.6% and specificity of 100%. Kim et  al. [9] who 
examined size, maximal cortical thickness, and ADC 
value showed statistically significant differences between 
the two groups (p value 0.001). The size was not a sig-
nificant factor for predicting a metastatic axillary lymph 
node. Eccentric cortical thickening was found to be a 

Fig. 4  ROC curve showing predictability of ADC for malignant lymph 
nodes

Table 5  ADC cut-off value

AUC​ p value Diagnostic indices 95% CI

Cut-off Sensitivity Specificity NPV PPV Accuracy

.714 .011 0.99 43.8% 100% 100% 37.2% 57.8% .550 .877

Table 6  DCE-MRI curve type

Pathology p value

Malignant Negative

Count Row N % Count Row N %

Curve type

 I 10 52.6 9 47.4 0.0001

 II 20 74.1 7 25.9

 III 18 100.0 0 0.0

Table 7  Diagnostic indices of DCE curve type III

Statistic Value (%) 95% CI

Sensitivity 37.50 23.95–52.65%

Specificity 100.00 79.41–100.00%

Disease prevalence 25.00

Positive predictive value 100.00

Negative predictive value 82.76 79.40–85.67%

Accuracy 84.38 73.14–92.24%

Table 8  ADC value less than 0.99 (our calculated cut-off 
value) + cortical thickness 3–4 mm

Statistic Value (%) 95% CI

Sensitivity 4.17 0.51–14.25%

Specificity 100.00 79.41–100.00%

Disease prevalence 75.00 62.60–84.98%

Positive predictive value 100.00

Negative predictive value 25.81 24.69–26.95%

Accuracy 28.12 17.60–40.76%
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statistically significant feature suggesting malignancy. 
Twenty-one (41.2%) of the metastatic lymph nodes and 
31 (20.4%) of the non-metastatic lymph nodes showed 
eccentric cortical thickening (p value 0.003). In this study, 
cortical thickness of lymph nodes could significantly pre-
dict malignant infiltration with p value 0.006, using cut-
off value of 4.5 mm, with a sensitivity of 68.8%, specificity 
of 62.5%, and diagnostic accuracy of 64.1%. A study by 
Fornasa et al. [17] mentioned that infiltrated lymph nodes 
were defined as follows: maximal cortical thickness more 
than 4 mm, an ADC value of 0.986 × 10−3 mm2/s or lower, 
and abnormal shape (fatty hilum loss or eccentric corti-
cal thickening). In our study, maximal cortical thickness 
more than 4.5  mm, an ADC value of 0.99 × 10−3  mm2/s 
or lower, and abnormal shape including eccentric cor-
tical thickening or fatty hilum loss defined infiltrated 
lymph nodes. In our study, a total of 23 (47.9%) out of 48 
metastatic lymph nodes had eccentric/lost fatty hilum, 
while 100% of non-metastatic lymph nodes had intact 
fatty hilum. There was a statistically significant difference 
between eccentric and normal fatty hilum status with p 
value 0.0001, sensitivity of 47.9%, specificity of 93.7%, 
and diagnostic accuracy of 82.3% of eccentric hilum for 
detection of malignant lymph nodes. A study by Baltzer 

Table 9  ADC value less than 0.99 (our calculated cut-off 
value) + cortical thickness 3–4 mm + type I dynamic curve

Statistic Value (%) 95% CI

Sensitivity 6.25 1.31–17.20%

Specificity 87.50 61.65–98.45%

Disease prevalence 75.00 62.60–84.98%

Positive predictive value 60.00 21.55–89.12%

Negative predictive value 23.73 20.32–27.52%

Accuracy 26.56 16.30–39.09%

Table 10  ADC value less than 0.99 (our calculated cut-off 
value) + cortical thickness 3–4 mm + type II dynamic curve

Statistic Value (%) 95% CI

Sensitivity 14.58 6.07–27.76%

Specificity 75.00 47.62–92.73%

Disease prevalence 75.00 62.60–84.98%

Positive predictive value 63.64 37.03–83.89%

Negative predictive value 22.64 17.73–28.44%

Accuracy 29.69 18.91–42.42%

Table 11  ADC value less than 0.99 (our calculated cut-off 
value) + fatty hilum + cortical thickness 3–4  mm + type III 
dynamic curve

Statistic Value (%) 95% CI

Sensitivity 10.42 3.47–22.66%

Specificity 100.00 79.41–100.00%

Disease prevalence 75.00 62.60–84.98%

Positive predictive value 100.00

Negative predictive value 27.12 25.25–29.07%

Accuracy 32.81 21.59–45.69%

Table 12  ADC value less than 0.99 (our calculated cut-off 
value) + fatty hilum + cortical thickness > 4 mm + type I dynamic 
curve

Statistic Value (%) 95% CI

Sensitivity 14.58 6.07–27.76%

Specificity 100.00 79.41–100.00%

Disease prevalence 75.00 62.60–84.98%

Positive predictive value 100.00

Negative predictive value 28.07 25.77–30.49%

Accuracy 35.94 24.32–48.90%

Table 13  ADC value less than 0.99 (our calculated cut-off 
value) + fatty hilum + cortical thickness > 4 mm + type II dynamic 
curve

Statistic Value (%) 95% CI

Sensitivity 14.58 6.07–27.76%

Specificity 100.00 79.41–100.00%

Disease prevalence 75.00 62.60–84.98%

Positive predictive value 100.00

Negative predictive value 28.07 25.77–30.49%

Accuracy 35.94 24.32–48.90%

Table 14  ADC value less than 0.99 (our calculated cut-off 
value) + fatty hilum + cortical thickness > 4 mm + type III dynamic 
curve

Statistic Value (%) 95% CI

Sensitivity 16.67 7.48–30.22%

Specificity 100.00 79.41–100.00%

Disease prevalence 75.00 62.60–84.98%

Positive Predictive value 100.00

Negative predictive value 28.57 26.06–31.22%

Accuracy 37.50 25.70–50.49%
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et  al. [7] stated that the use of a small ROI placed on 
the darkest part of the lesion on the ADC map, avoid-
ing noisy, necrotic, or non-enhancing lesion voxels is 
currently recommended and that what we applied dur-
ing our post-processing. A study by Fornasa et  al. [17] 
illustrated that the ADC values of the lymph nodes with 
metastases (mean: 0.878 × 10–3 mm2/s; range: 0.30–1.20) 
were significantly lower (p < 0.001) than those of the 
benign lymph nodes (mean: 1.494; range: 0.60–2.50). 
Adopting a threshold value of 1.09 × 10–3 mm2/s resulted 
in 94.7% sensitivity, 91.7% specificity, and 93.0% accuracy 
in the identification of metastasis in this series of lymph 
nodes. He et al. [18] reported that the mean ADC value of 
the metastatic lymph nodes (0.910 ± 0.29 × 10−3  mm2/s) 
was significantly lower than that of the non-meta-
static nodes (1.270 ± 0.32 × 10−3  mm2/s). Kim et  al. 
[9] found that the mean ADC value of the metastatic 
lymph nodes (0.910 ± 0.29 × 10−3  mm2/s) was signifi-
cantly lower than that of the non-metastatic nodes 
(1.270 ± 0.32 × 10−3  mm2/s). Based on the ROC curves, 
the ADC value was a strong variable for predict-
ing a metastatic node (AUC, 0.815). An ADC value of 
0.986 × 10−3  mm2/s was determined, with sensitivity, 
specificity, PPV, and NPV of 75.8%, 83.9%, 72.6%, and 
86.0%, respectively. Fardanesh et  al. [19] stated that the 
median values of mean ADC, maximum ADC, and mini-
mum ADC were significantly lower for malignant lymph 

nodes rather than benign axillary lymph nodes. In their 
study, the ADC values (× 10−3  mm2/s) of benign axillary 
lymph nodes ranged from 0.52 to 2.71, while the ADC 
values (× 10−3 mm2/s) of malignant axillary lymph nodes 
ranged from 0.80 to 1.08. We found that the mean ADC 
value of metastatic axillary LNs (0.55; range being 0.23 
to 0.98 × 10−3  mm2/s) was lower than that of the benign 
ones (0.82, range from 0.34 to 1.4 × 10−3  mm2/s). Bal-
tzer et al. [7] reported that the mean ADC threshold that 
resulted in the highest diagnostic accuracy for differen-
tiating between benign and malignant lymph nodes was 
1.004 × 10−3 mm2/s, yielding an accuracy of 75%, sensitiv-
ity of 71%, specificity of 79%, the PPV of 77%, and NPV 
of 74%. In the present study, we found that ADC value 
can significantly predict lymph node infiltration with p 
value 0.011, using a cut-off value of 0.99, with sensitiv-
ity 43.85, specificity 100%, diagnostic accuracy 57.8% and 
AUC 71.4%. In the current study, we found that the DCE-
MRI curve was type I in 19 (29.7%) patients, type II in 
27 (42.2%) patients, and type III in 18 (28.1%) patients. 
Comparison of pathological findings according to type 
of DCE-MRI curve showed that there was a statistically 
significant correlation between pathological findings and 
DCE-MRI curve type III with p value 0.0001, showing 
a sensitivity of 37.5%, specificity of 100%, and diagnos-
tic accuracy of 84.4% for detection of malignant lymph 
nodes (Figs. 5, 6, 7, 8).

Fig. 5  A 36-year-old female with a right breast upper inner quadrant malignant mass and an ipsilateral axillary lymph node. MRI of both breasts: 
A post-contrast subtraction image of the right breast lesion (red arrow), B T1WI of the lymph node showing focal cortical thickness reaching 7 
(blue arrow). C, D DWI and ADC map of the lymph node showing restricted diffusion and ADC value of 1.1 × 10–3 mm2/s (above the calculated 
cut-off value) (blue arrow). E Post-contrast subtraction shows marginal enhancement of the breast mass and node, F Post-contrast dynamic curve 
of the lymph node (blue arrow) Type II curve. Impression: Indeterminate lymph node. Pathology report shows no malignancy
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On the contrary, Örgüç et  al. [8] who studied a total 
of 178 lymph nodes greater than 8 mm, where 46 nodes 
were malignant and 132 nodes were benign, deduced that 
the sensitivity of type III curve was calculated as 89% as 

an indicator of malignancy, yet the specificity was as low 
as 14%. He et al. [18] found that the shape of the time /
intensity curve was type I in 29% of malignant nodes, 
type II in 32% of the nodes, and type III in 39% of the 

Fig. 6  A 70-year-old female with a left breast upper outer quadrant malignant mass and an ipsilateral axillary lymph node. MRI of both breasts: 
A Post-contrast subtraction image both breasts showing a spiculate intensely enhancing left breast mass. B T1WI of the lymph node (blue arrow) 
with focal cortical thickness reaching 5 mm and central fatty hilum. C, D DWI and ADC map shows lymph node (blue arrow) with restricted 
diffusion and ADC value of 1.2 × 10–3 mm2/s (above calculated cut-off value). E Post-contrast subtraction showing the small enhancing axillary 
lymph node, F Post-contrast dynamic curve of the lymph node (blue arrow) show a type II indeterminate curve. Impression; Indeterminate lymph 
node. Pathology report shows no malignancy with lymphoid hyperplasia
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nodes. Axillary lymph nodes with metastasis showed 
more tendency to be round or ovoid with low ADC val-
ues, ADC ≤ 1.3508 × 10−3  mm/s, showing washout (type 
III) time/ intensity curves. Similarly, in the current study, 
combining ADC value less than 0.99, cortical thickness 
3–4 mm, and type III dynamic curve, gave a higher diag-
nostic accuracy (32.81%). On the other hand, combining 
ADC value less than 0.99 (our calculated cut-off value), 

cortical thickness > 4  mm, and type III dynamic curve 
gave the highest diagnostic accuracy (37.50%). Limita-
tions of this study: The small patient population included 
in this study may have affected the specificity and sensi-
tivity. A wider scale research is needed to achieve higher 
indices. Seventy-five % of patients included in this study 
had malignant findings on pathological analysis; again, 
this might cause bias of the results. On post-processing, 

Fig. 7  A 61-year-old female with multicentric right malignant breast masses and ipsilateral axillary lymph node. MRI of both breasts: A post-contrast 
subtraction image shows a right breast mass, B: T1WI shows the lymph node (blue arrow) showing diffuse cortical thickness of 4 mm and central 
fatty hilum. C, D DWI and ADC map shows the lymph node with restricted diffusion and low ADC signal (ADC value of 1.0 × 10–3 mm2/s), (blue 
arrow). E Post-contrast subtraction showing the right breast mass and the ipsilateral axillary node, F post-contrast dynamic curve of the lymph node 
(blue arrow) showed type II (plateau) curve; Indeterminate lymph node. Pathology report shows no malignancy
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the choice of ROI is subjective from one patient to the 
other. A more standardized method or the use of a com-
puterized software program to find the most restricted 
area of a lymph node may get more accurate results 
and might affect the cut-off value. Further research on a 
larger population is mandatory to provide more data on 
the role of MRI in the preoperative staging of axillary 
lymphadenopathy.

Conclusions
In our study, cortical thickness of lymph nodes could pre-
dict malignant infiltration with a p value of 0.006, using 
cut-off value of 4.5  mm, and a diagnostic accuracy of 
64.1%. Eccentric hilum of lymph nodes could also detect 
malignancy with a p value of 0.0001 and a diagnostic 
accuracy of 82.3%. ADC value could predict lymph node 
infiltration with a p value of 0.011, using a cut-off value of 
0.99 and a diagnostic accuracy of 57.8%. DCE-MRI curve 
type III showed a diagnostic accuracy of 84.4% for detec-
tion of malignant lymph nodes.
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