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ABSTRACT 

Purpose: We aimed to evaluate the role of dynamic magnetic resonance imaging (MRI) in the detection of axillary 
lymph node metastasis based on the signal intensity-time curves. Materials and Methods: The data of 120 patients (be-
nign patients, n = 91; malignant patients, n = 29) who underwent dynamic breast MRI were reviewed. The lymph nodes 
with the strongest criteria for malignancy (morphological-dynamic properties) were included in the analysis. Signal 
intensity-time curves were plotted by the software. Results: Of 29 patients with breast cancer, axillary lymph nodes 
were involved in 21 and not involved in the remaining 8. There was no significant difference between benign and ma-
lignant cases in terms of the distributions of Type Ia, Type Ib and Type IV curves (p = 0.12), whereas a significant dif-
ference was found between benign and malignant cases in terms of the distributions of Type II and III curves (p < 0.01). 
Benign lymph nodes dominantly displayed Type III curves (66.2%), whereas malignant ones dominantly displayed Type 
II curves (57.2%). Conclusion: On dynamic MRI studies, benign and metastatic lymph nodes display different signal 
intensity-time curves. 
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Sensitivity-Specificity 

1. Introduction 

Carcinoma of the breast is the second most common ma-
lignancy in females, with an increasing incidence of ap-
proximately 3% per year [1,2]. In addition to tumor size 
and histological type, axillary lymph node involvement is 
also an important prognostic factor in breast cancer. Once 
the diagnosis of breast cancer is established, almost all 
patients with invasive and many patients with noninva-
sive cancer undergo a surgical procedure for the patho-
logic evaluation of their axillary lymph nodes. Axillary 
lymph node involvement is the most important prognostic 
factor in determining survival of patients with breast 
cancer [3]. Axillary dissection is a separate procedure 
requiring hospitalization, general anesthesia, and a 1- to  

2-week period of postoperative drain care [3,4]. The ef-
fect of axillary lymph node dissection on long-term 
treatment results in invasive breast cancer is controversial; 
it is in fact frequently questioned because it is associated 
with high morbidity rates and neoadjuvant chemotherapy 
is already administered in aggressive local cancers [5]. 
Except for these certain situations, however, there are 
also studies suggesting that it is essential to detect axil-
lary lymph node involvement in patients with breast can-
cer; since, it is a very important prognostic indicator in 
these patients and radiotherapy is indicated if the patient 
had >4 positive nodes [2,6]. Several studies have reported 
that physical examination, mammography, ultrasonogra-
phy (US) and even other imaging methods performed via 
various radionuclides may not be sufficient in the detec-
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tion of axillary lymph node involvement [1,7]. Up to date, 
although there is extensive data regarding primary tumor 
in numerous dynamic contrast-enhanced breast MRI 
(DCE-MRI) studies, there is less information about the 
axillary region [8,9]. In the present study, we aimed to 
determine metastatic axillary lymph node involvement by 
a simple and noninvasive method with focusing espe-
cially on the dynamic signal-intensity curve characteris-
tics of the nodes. 

2. Materials and Methods 

2.1. Patients 

A total of 120 patients (mean age, 43 ± 7.2 years; age 
range, 24 - 61 years; 91 benign patients and 29 malignant 
patients) who underwent breast and axillary surgery (for 
malignant lesions) and DCE-MRI preoperatively between 
January 2008 and December 2009 in our center were in-
cluded in the present study. Medical records of these pa-
tients, including images, as well as US/mammography 
findings and clinical characteristics were achieved from 
the hospital records. This retrospective study was ap-
proved by the institutional ethical board. Patients with 
contradictory medical records, those without histopa-
thological diagnoses or those without preoperative dy-
namic breast MRI evaluations were excluded (n = 41). 

2.2. Magnetic Resonance Imaging Protocol and 
Related Dynamic Data Processing 

Magnetic resonance imaging was performed on a 1.5 
Tesla system (Siemens Symphony, Erlangen, Germany) 
with the patient in the prone position and the breast sus-
pended in a dedicated large breast coil. Another inclusion 
criterion of the study was the appearance of axilla in the 
image field. After obtaining an axial localizer sequence, 
axial T1-weighted images [turbo-spin echo (TSE); repeti-
tion time (TR), 613 msec; echo time (TE), 9.1 msec; sec-
tion thickness (ST), 3.5 mm], axial short T1 inversion 
recovery (STIR) sequences (TE: 9370 msec, TE: 70 msec, 
ST: 3.5 mm) were acquired [field of view (FOV): 400 × 
350 mm]. On dynamic evaluation, a standard dose (0.1 
mmol/kg) of contrast agent with gadodiamide was in-
jected through antecubital vein in each patient immedi-
ately following the acquisition of precontrast series. Fol-
lowing the injection of contrast agent, 15 mL physiologi-
cal saline flush was injected in each patient. After the 
contrast injection, DCE-MRI was performed with gradi-
ent-recalled sequences (TR, 4.4 msec; TE, 1.6 msec; flip 
angle, 12; FOV, 350 × 350 mm, 256 × 128; section thick- 
ness 1.5 mm with no section gap). Including those ac-
quired during the precontrast period, a total of 7 series 
each consisting of 80 consecutive images were acquired 

in every 51 seconds. Six subtracted images (image series 
achieved by subtracting the precontrast image from each 
series) were transferred to the mean curve analysis (Sie-
mens medical solutions, Erlangen, Germany) program in 
the work station. Contrast dynamic curves were plotted 
from the cortices of axillary lymph nodes (separately 
from upper, mid and lower poles) exhibiting corticome-
dullary contrast enhancement by placing a round-shaped 
ROI with 1.0 mm in diameter. After the dynamic study, 
sagittal late postcontrast fat-saturated T1-weighted TSE 
images (TR, 532 msec; TE, 4.01 msec; ST, 3.0 mm; FOV: 
400 × 400 mm) were acquired in order to recheck and 
correlate the lesions and axillary lymph nodes. 

Biopsy was performed in dominant lymph node or 
nodes visualized in axillary images in all cases. The 
dominant lymph nodes were identified according to the 
following criteria: asymmetric cortical thickening, corti-
cal irregularity, abnormal growth, cortical heterogeneity, 
hilar deformation and loss of fatty sinus, loss of ovality 
(rounding). Regions of interests (ROIs), 1.0 mm diameter, 
were drawn on contrast enhanced components in upper, 
mid, and lower poles of each lymph node and dynamic 
curves were plotted in a special workstation (Leonardo 
running workspace-mean curve). In order to determine 
the most probable metastatic lymph node, dynamic 
curves of the lymph nodes with the most abnormal con-
trast morphology (asymmetric cortical thickening, asym- 
metric contrast enhancement, nodular corticomedullary 
foci, hilar fat loss, rounding) were plotted, and assess-
ments were based on these curves. Dominant pattern was 
defined as the pattern predominating in more than 2/3 of 
all measurements (upper, mid and lower poles of each 
lymph node). 

Even if evaluation was performed in more than one 
lymph node, dynamic MRI features of the axilla were 
evaluated by means of average, as axilla was evaluated as 
a whole during surgery. Main curve types representing 
graphic data samples obtained are schematized (Figure 
1). 

2.3. Benign Cases 

Patients (n = 21) in whom no lesions was observed were 
classified as Breast Imaging Reporting and Data System 
(BIRADS) category 1. BIRADS category II consisted of 
patients with fibrocystic changes [adenosis (n = 7), focal 
hyperplastic unmarked hypoechogenic changes (n = 9)], 
those with ductal ectasia (n = 11), those with simple (n = 
29) and complicated (n = 7) cysts, those with fibroade-
noma (n = 24) and those with mastitis [granulomatous 
mastitis (n = 1), puerperal mastitis (n = 3)]. 

Of benign cases, 6 patients had unilateral; the remain-
ng 85 patients had bilateral axillary lymph nodes. Thus,  i     
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Figure 1. Schematic representation of various types of contrast kinetics. (a) Progressive contrast enhancement in Type Ia 
(dotted line) and Type Ib patterns; (b) Type II pattern, stable increase of intensity following an initial upstroke, like a plateau; 
(c) Type III pattern, washout pattern with a fall component following an initial upstroke; (d) Type IV pattern, pattern dem-
onstrating an atypical configurations that may consist of a component from other types but are unpredictable. 

2.5. Statistical Analysis ROIs were drawn on bilateral dominant lymph nodes in 
85 cases and on unilateral dominant lymph nodes in 6 
cases, and curves were plotted. All study data were summarized in Table 1. Comparisons 

of groups in terms of age distribution and demographic 
characteristics were performed by independent samples t- 
test and Chi-square test, respectively. Chi-square test was 
also used to assess the relationship between the groups in 
terms of pattern distribution. All statistical analyses were 
performed using SPSS Version 15.0.1 (SPSS, Inc., Chi-
cago, IL). Statistical significance was accepted when p < 
0.05.  

2.4. Malignant Cases 

A total of 29 malignant breast lesions (7 diagnosed as 
lobular carcinoma, 22 as ductal carcinoma) were present. 
Measurements were performed on the axillary dominant 
lymph node both at the affected and at the unaffected side 
in all cases. On histopathologic examination of the af-
fected side in 29 malignant cases, 21 patients were re-
ported to be positive for metastatic involvement, and 8 
patients were reported to be negative. 

3. Results 

There were no new lesions suspected of malignancy in 
any of the benign cases (for whom 3-year follow-up data 
were available) included in the study. 

In the present study, 176 (85 bilateral, 6 unilateral) 
dominant lymph nodes were evaluated in 85 benign cases 
and 58 lymph nodes consisting of 21 metastatic and 8 
reactive lymph nodes (on the ipsilateral side) and 29 be-
nign-reactive lymph nodes (on the contralateral side) 
were evaluated in 29 malignant cases. Thus, measure-
ments were performed on a total of 234 lymph nodes. 
Benignity was confirmed based on the 3-year follow-up 
results and no further histopathologic examination was 
required (except for one patient with round lymph nodes). 
Of these patients, 1 patient was evaluated by fine needle 
aspiration biopsy (FNAB) and the other two were further 
evaluated by surgical exploration. 

Of 29 patients known to have malignant breast lesions, 
21 patients were reported to be positive for axillary 
lymph node metastasis. No new lesions or other findings 
suggesting development of malignancy were noted re-
garding unaffected axilla side of malignant cases in 2- or 
3-year follow-up data. 

A statistically significant difference was noted between 
the malignant and benign patients in terms of age, and 
malignant cases were significantly older (p < 0.05; inde-
pendent samples t-test). No statistically significant dif-
ference was found between the malignant and benign 
patients in terms of other demographic characteristics (p 
> 0.05; chi-square test). 

In all cases diagnosed with primary breast malignancy, 
evaluation involved ipsilateral axillary dissection. Lymph 
nodes on the unaffected side of the cases with malig-
nancy were evaluated based on 3-year follow-up and 
were reported to be benign. 

When signal intensity-time curves were evaluated, in 
reactive-nonmetastatic lymph nodes Type Ia, Type Ib,  
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Table 1. Various signal intensity-time curves of the whole 
study population. 

 n 
Distribution rates of 

curve types† n 

Benign cases (n = 91)    

Bilateral (n = 170)    

Fibrocystic changes 13 Type Ia 1 

Ductal ectasia 10 Type Ib 5 

Simple cyst 27 Type II 11 

Complicated cyst 7 Type III 121 

Fibroadenoma 24 Type IV 32 

Mastitis 4   

Unilateral (n = 6)    

Fibrocystic changes  Type Ia 0 

Ductal ectasia 3 Type Ib 1 

Simple cyst 1 Type II 0 

 2 Type III 3 

  Type IV 2 

Malignant Cases (n = 29)    

Type Ia 2 

Type Ib 3 

Type II 12 

Type III 2 

Tumor side,  
metastasis-positive 

FNAB‡/surgery 
21 

Type IV 2 

Type Ia 0 

Type Ib 2 

Type II 1 

Type III 3 

Tumor side,  
metastasis-negative 

FNAB‡/surgery 
8 

Type IV 2 

Type Ia 2 

Type Ib 4 

Type II 1 

Type III 14 

Nontumor side 29 

Type IV 8 

†Type Ia: Progressive straight contrast enhancement, Type Ib: Progressive 
curved contrast enhancement, Type II: Plateau type contrast enhancement, 
Type III: Washout type contrast enhancement, Type IV: Nonclassified or 
atypical graphical contrast enhancement. ‡FNAB: Fine needle aspiration 
biopsy. 

Type II, Type III, and Type IV curves were identified in 

1.4%, 5.6%, 6.2%, 66.2% and 20.6%. In metastatic 
lymph nodes Type Ia, Type Ib, Type II, Type III and 
Type IV curves was identified in 9.5%, 14.3%, 57.2%, 
9.5%, 9.5%. 

Curves in some benign lymph nodes (n = 7%, 3.2%), 
which has graphics initially as Type III but continued 
atypically were also categorized as Type IV. To avoid 
confounding of the results, a separate category was not 
constituted for this group. The distribution of signal in-
tensity-time curves for each group is presented in Table 
2. 

There was no significant difference between malignant 
and benign cases in terms of the distribution of Type Ia, 
Type Ib, Type IV curves (p = 0.12). However, a signifi-
cant difference was noted between the two groups in 
terms of the distributions of Type II and Type III signal- 
intensity curves (p < 0.01). Type II pattern was signifi-
cantly more frequent in malignant cases and Type III 
pattern was significantly more frequent in benign cases. 
The frequency of observing Type II curves was higher 
with an odds ratio (OR) of 20.5 in malignant cases [95% 
Confidence interval (CI), 7.31 - 57.49]. The frequency of 
observing Type III curves was higher in benign cases 
with an OR of 0.05 (95% CI, 0.01 - 0.23). Thus, while 
Type II pattern is a strong indicator of malignancy, Type 
III reflects a protective character for benign lesions. 

4. Discussion 

Determination of axillary lymph node involvement in 
breast cancer is important in terms of treatment protocols, 
follow-up and prediction of prognosis. Several studies  

Table 2. Distribution of various types of signal intensity- time 
curves among malignant and benign type axillary lymph 
nodes. 

Malignant n (%)  Benign n (%) 

Type Ia 2 (9.52381)  Type Ia 3 (1.408451) 

Type Ib 3 (14.2857)  Type Ib 12 (5.633803)

Type II 12 (57.2857)  Type II 13 (6.103286)

Type III 2 (9.52381)  Type III 141 (66.19718)

Type IV 2 (9.52381)  Type IV 44 (20.65728)

Total (n) 21   213 
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have reported that physical examination and imaging 
findings and related sensitivity and specifity findings 
about the detection of involved axillary lymph node(s) 
(Table 3). Only imaging with mammography, US, and 
radionuclide techniques, including positron emission to-
mography, are currently inadequate or unnecessary; whe- 
ther or not they are used alone or in combination [7,37, 
38]. Although providing more effective results, extensive 
axillary dissection and only sentinel lymph node dissec-
tion are cumbersome procedures requiring teamwork and 
leading to several drawbacks from hospitalization to a 
wide range of morbidities. On the other hand, in some 
cases prognosis and the treatment modality may vary 
based on the degree of lymh node involvement. Patients 
with >4 positive lymph node involvement may benefit 
from postoperative radiation therapy at a dose of 25 - 30 
Gy or high-dose chemotherapy. So, it is necessary and 
important to determine the degree of axillary lymph node 

involvement [39]. In order to determine the extent of dis-
section, sentinel lymph node detection and sampling is 
currently carried out by lymphoscintigraphy which is a 
difficult and complex procedure [1,40].  

Previously, surgical axillary dissection was used as a 
standard procedure in treatment of breast cancer [2]. 
However, axillary lymph node metastasis was not present 
at initial admission in 75% of early stage cancers, and in 
60% of all breast cancers in general [3] Dissections per-
formed on cases with no axillary metastasis may be asso-
ciated with lymphedema, limited arm movements, pain 
during arm movements, and cosmetic problems in addi-
tion to unnecessary time and cost loss[2,3]. Recently, 
detection of the sentinel lymph node with the highest 
likelihood of being affected and extension of dissection 
according to the histology of this node is possible by sev- 
eral methods rather than by routine ALND [41]. By this 
method, however, metastatic involvement of lymph  

Table 3. Pivotal studies investigating modalities for the detection of metastatic axillary lymph nodes, and the sensitivity and 
specificity values as well as major specifications of these modalities. 

Modality Sens (%) Spec (%) Comments or criteria used 

Clinical palpation 68 67 Insufficient [10] 

CT 50 20 Insufficient [11] 

Mammography 40 37 
Insufficient: Sensitive only in the presence of microcalcifications (3%) in the lymph node 
[12] 

US-Size 44 - 87 55 - 97 Insufficient. High sensitivity only in large lymph nodes that are >3 cm [13] 

US-Morphology 26 - 76 88 - 98 Loss of hilar echo, rounding, hypoechogenicity, eccentric cortical thickening [13] 

CDUS: Peripheral weighted, vascularization by cortical penetrating vessels, nonuniform 
vascularity [14,15] 

PDUS: increased sensitivity to low flow rate [16,17] 

Doppler waveform: The resistive index, pulsatility index, and peak systolic velocities in this 
population overlapped between benign and malignant lymphadenopathy [18] 

CDUS, PDUS, 
spectral indices, 

echo-enhanced US 
Sonoelastography 

77 28 

Microbubble enhanced Doppler US: area under curve is 0.77., it is expensive and not 
widely used (19), Sonoelastography is a new but promising technique [20] 

US (combined with 
clinical findings) 

87 74 Combination of gray scale US with Doppler US findings [21) 

MRI (conventional) 55 81 
Primary tumor can be assessed directly and axillary lymph node characteristics can be as-
sessed indirectly by dynamic evaluation [22-26] 

MRI - spectroscopy 82 100 High sensitivity/specificity except for choline negative in-situ cancers [27] 

MRI (USPIO) 80 - 90 90 - 100 Nanotechnology product, high cost and low availability [22] 

PET imaging 96 100 
Radiation exposure, high cost, cannot be used for screening in every patient. Other radionu-
clide techniques are less sensitive than PET imaging [1,28,29] 

Sonography guided 
FNAB 

31 - 63 95 - 100 
Negative biopsy results do not exclude axillary lymph node metastasis [30,31] 
Sentinel lymph node biopsy: a cumbersome method, radiation exposure occurs, although be-
ing an invasive method false negativity rate is relatively high [32-36] 
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nodes other than detected sentinel lymph nodes has been 
reported to reach up to 15% [42]. This false negativity 
rate is high for such an invasive and complicated proce- 
dure, which requires teamwork and is associated with 
radiation exposure of both the patient and the physician 
in some versions [42]. 

Actually, axillary lymph nodes may be palpated ini-
tially during routine clinical examination. However, pal-
pation which is routinely used in physical examination 
has a low sensitivity and specificity for detecting axillary 
lymphadenopathy [40]. Other methods including mam-
mography, computed tomography (CT), also fails to de-
tect deep axillary lymph nodes [11,40]. Sensitivity of this 
US is also not very high and it has been used in combina-
tion with color doppler US (CDUS) and power doppler 
US (PDUS) [21].  

Lymphoscintigraphy, a method that is used to detect 
the sentinel lymph nodes, has a relatively high sensitivity 
(95%); however, non-repeatability and low sensitivity for 
deeply located axillary and internal mammary chain 
lymph nodes continue to be a disadvantage of this tech-
nique [7]. It is not possible for now to use new molecular 
methods like “breast cancer-specific monoclonal anti-
bodies in the staging of the axilla” to overcome disad-
veantages because of being in an experimental stage [43, 
44]. Also new nanotechnologic MRI contrast agents 
(which alleged to reveal the micrometastases, like USPIO) 
has not gained widespread use because of high costs [22]. 

Despite all of the ongoing research for an ideal method, 
the assessment of axillary lymph nodes conveys impor-
tant prognostic information that is needed to guide stage- 
adapted therapy for breast cancer. As the number of 
women who are diagnosed with early-stage breast cancer 
increases, an increasing number of axillary lymph node 
dissections will yield healthy lymphatic tissue. In order to 
minimize these unnecessary interventions, we investi-
gated the use of dynamic breast-axillary MRI. We aimed 
to increase the sensitivity of data acquired by already 
performed dynamic MRI. In addition to being noninva-
sive, the main difference of our technique from its previ-
ous counterparts is that it combines MRI images, which 
can visualize all of the potential axillary lymph nodes 
simultaneously, with dynamic evaluation, which can also 
provide functional information.  

In previous dynamic breast MRI studies, evaluations 
have focused on primary breast masses and all measure-
ments (types of signal intensity-time curves) and their 
significance have been directed towards this primary 
mass [45]. The assessment of the type of signal intensity- 
time curves (i.e., kinetic curves) by categorizing the 
washout pattern of a gadolinium contrast agent is the 
most widely used form of DCE-MRI analysis in breast 

cancers. These curves are classified as follows: 1) Type I, 
persistently enhancing (progressive), which is suggestive 
of benignity; 2) Type II, plateau type, which is suggestive 
of possible malignancy; and 3) Type III, washout type, 
which is strongly suggestive of malignancy [45]. 

Furthermore, in contrast to focusing only on primary 
lesion located in breast tissue, we obtained also signal 
intensity-time curves in axillary lymph nodes without 
performing any additional procedure in patients of whom 
the dynamic MRI evaluations were already available. We 
investigated whether the contrast enhancement observed 
in these dynamic series will be effective in differential 
diagnosis. It is well recognized that most primary breast 
cancers show rapid enhancement and rapid washout 
(Type III curve pattern) on MRI following gadolinium- 
based contrast agents [25]. We aimed to investigate 
whether or not a similar kinetic form can be used for 
axillary measurements, as well. Literature review con-
ducted for this study revealed a limited number of studies 
invesitagting dynamic MRI together with axillary lymph 
nodes [15]. The aim of one of these studies was to deter-
mine and compare the response (such as size, number, 
contrast enhancement level) of axillary lymph nodes to a 
special chemotherapeutic treatment (trastuzumab) as well 
as primary lesion kinetics by MRI [15]. Rather than con-
trast kinetics of axillary lymph nodes in dynamic series, 
different from the study which concluded that “HER2/ 
neu-positive patients with a complete clinical response on 
DCE-MRI are highly unlikely to benefit from an axillary 
lymph node dissection”, we have performed the meas-
urements in the dominant-sentinel lymph node [15]. In 
another study, association between angiogenetic kinetics 
of the tumor and the presence of axillary lymph node was 
investigated using contrast dynamics of primary mass and 
no relationship was noted between kinetic characteristics 
and axillary lymph node metastasis [15]. In that particular 
study, actual kinetic measurements were performed for 
the primary mass. However, although dynamic contrast 
technique was used and simultaneous axilla examination 
was performed in some of these studies, a single feature 
(signal intensity) was investigated as an enhancement 
characteristic rather than the time-signal intensity curves, 
and graphical data were not produced [16]. We have not 
focused on signal intensity in our study and information 
regarding the metastatic process, which alters the lymph 
node anatomy and quality of the vascular bed and conse-
quently changes contrast kinetics, was obtained indirectly 
from graphical data. In the present study, however, lymph 
nodes with dominant morphological or kinetic were 
marked without taking into consideration any other breast 
lesion into account (no matter if the primary pathology is 
benign or malignant). Our main goal was to analyze the 
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kinetic characteristics of the axillary dominant lymph 
node which may have been presumed to be affected from 
the primary breast lesion at first.  

In two of previous related studies, a similar method 
that used in the present study was also utilized to detect 
axillary lymph node metastases of breast cancer [9,46]. 
There were technical differences in the calculation of 
maximum contrast enhancement ratios among these stud- 
ies in which the dynamic contrast enhancement ratio, 
sizes and also the morphology of the related axillary 
lymph nodes were recorded. However, in general when 
using a signal intensity increase in the lymph nodes of 
>100% during the first postcontrast image as a threshold 
for malignancy, 57 of 65 patients were correctly classi-
fied (sensitivity 83%, specificity 90%, accuracy 88%) [9]. 
These relatively significant sensitivity rates were not im-
proved when lymph node size and morphology were used 
as additional criteria [9]. We did not take this data and 
other morphological criteria into account for other rea-
sons or include them in statistical analysis. We believed 
that we reached our goal since we achieved interestingly 
high sensitivity and specificity values without performing 
complicated calculations and leading to confusion.  

Our findings were objectively confirmed by current 
histopathologic findings. Normally, a lymph node is a 
small bean-shaped structure located in stations such as 
axilla and contains phagocytic cells, which acts as filters 
for particulate matter and micro-organisms, and the anti-
gen, which is presented to the immune system. A normal 
node consists of three components; lymphatic sinuses, 

blood vessels, and parenchyma (cortex, paracortex, me-
dulla). There is also an outer fibrous capsule. While nor-
mally the arteries and veins in a lypmh node connect with 
a short capillary network; with the metastasis the blood 
circulates in a slower fashion and needs to stay longer in 
that enlarged vascular bed which is expanded due to the 
proliferation of malignant cells and angiogenesis. In con-
trast to the rapid washout pattern observed in normal 
lymph nodes, contrast enhancement observed as a plateau 
pattern in metastatic lymph nodes can be explained by 
this phenomenon. There are also several studies in which 
perfusion changes caused by this organization have been 
investigated [17,47]. In Figure 2, comparative hystopa-
thological stained sections from normal and metastatic 
lymph nodes are presented. 

The present study had somel limitations. The most 
important limitations were the partial appearance of axilla 
in some of the image fields and the presence artifactual 
distorsions due to respiratory movements or intensive 
venous contrast accumulation on the side of contrast ad-
ministration. In order to overcome these limitations, we 
believe that it would be helpful to train the patients so 
that they continued to breathe at a more tidal level. And 
tothe clinical examination the normal side of the arm 
must be used for contrast administration. Another limita-
tion was that only those cases with routine ALND results 
were included in the study; and the dissected lymph node 
was accepted as the measured dominant lymph node at 
MRI. But, as we know, there are no literature data about 
to marking the axillary lymph node(s) under the guidance  

 

Figure 2. Etiopathogenetic theory which may explain the difference in contrast kinetics in dynamic series. (a) In a normal 
lymph node, cortical follicles (arrows) are distributed throughout the lymph node. The outer cortex is full of lymph follicles 
(B lymphocytes at the center, T lymphocytes at the periphery); inner medulla (circle) is full of lymphocytes, macrophages, 
plasma cells (activated B cells). (b) In a metastatic lymph node, normal microanatomy disappears and metastatic cells are 

istributed in a disorganized fashion. H & E stain, ×10. d 
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of MRI. We also have controlled the descrition of the 
location of dissected lymph nodes from the surgery re-
ports and have seen that these locations were the same as 
at the MRI reports.  

In conclusion, the method used in the present study 
was a functional assessment measuring the contrast dy-
namics formed within the microenvironment of the 
lymph node. In cases with known primary breast mass, 
kinetic characteristics of axillary lymph nodes can be 
obtained from signal intensity-time curves by using DCE 
breast MRI images obtained by extending of FOV to-
wards the axillary fossa. Contrast enhancement kinetics 
Type Ia, Ib, II (57.2%) are more common in malignant 
axillary lymph nodes; Type III (66.2%) and Type IV sig-
nal intensity curves are more common in benign lymph 
nodes. The mechanism underlying these contrast kinetics 
may be associated with metastasis related increased vas-
cularity in the lymph node due to prolongation of the 
distance traversed by the contrast agent and the time the 
contrast agent remained within the lymph node without 
being rapidly washed-out. We believe that this method 
will improve the sensitivity of routine DCE-Breast MRI 
examination in determining the axillary lymph node 
status. 
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