
Management of MRI-Detected Benign Internal
Mammary Lymph Nodes
Gozde Gunes1 Priscila Crivellaro2 Derek Muradali2

1Department of Radiology, Baskent University Hospital,
Çankaya/Ankara, Turkey

2Department of Medical Imaging, University of Toronto, Toronto,
Ontario, Canada

Indian J Radiol Imaging 2022;32:197–204.

Address for correspondence Gozde Gunes, MD, Department of
Radiology, Baskent University Hospital, Yukarı Bahçelievler, Mareşal
Fevzi Çakmak Cd. No:45, 06490 Çankaya/Ankara, Turkey
(e-mail: gunesgozde@gmail.com).

Keywords

► screening
► internal mammary

lymph node
► MRI
► breast cancer
► high risk

Abstract Introduction In this retrospective study, we aimed to evaluate benign internal
mammary lymph nodes (IMLNs) in terms of frequency, number, size, long axis/short
axis (L/S) ratio, intercostal location, presence of fatty hilum, and stability using breast
magnetic resonance imaging (MRI) and discuss the findings by reviewing existing
literature.
Methods This single-center study consisted of 130 women between the ages of 24
and 76 years, who had at least two breast MRI examinations in our institution, with the
latest exam performed between January 1, 2019 and November 1, 2019, were eligible
for the study. MRIs of the study group were independently reviewed by two
radiologists.
Results IMLN was detected in 31.1% of the 427 MRIs, with a total number of 256
nodes. The most common indication for breast MRI was high-risk screening (66.2%).
The median number of nodes per patient was 1 (range: 1–6). The median follow-up
time was 19.5 months (range: 6–141 months). None of these benign nodes showed
significant interval growth. Mean L/R ratio of the nodes was 1.9. One hundred and four
nodes (n¼ 104, 40.6%) had a L/S ratio less than 2 and 43.2% (n¼45) of the nodes with a
L/S ratio less than 2, had a long axis measuring less than or equal to 3mm. IMLN of
patients with breast implants had the largest mean long axis. The fatty hilum was
identified in 34.3% (n¼68) of the 256 nodes. The size of the lymph nodes where fatty
hilum was visualized was significantly larger than the ones where fatty hilum was not
visualized (p<0.001). Fatty hilum could be visualized in only 2.7% of the nodes with a
long axis smaller than 3mm.
Conclusion IMLN is a frequent finding on breast MRI. We have shown that benign
IMLNs might be large sized in specific cases like patients with breast implants. When
small sized (�3mm), they are more likely to be rounded (L/S ratio <2). The fatty hilum
that is a feature of benignity might not be visualized in nodes less than or equal to3mm.
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Introduction

With the increased number of daily breast magnetic reso-
nance imaging (MRI) examinations performed with modern
scanners that have the capability to produce thin slice, high-
resolution images, more and more incidental (liver cysts,
thyroid nodules) or benign findings are being documented.1

One of these findings are internal mammary lymph nodes
(IMLNs). Unlike axillary lymphnodes, no current guideline or
imaging criteria exist for characterizing these nodes that are
often benign in the absence of neoplastic disease of the
breast.

High-risk screening is the most common indication for
breast MRI. Breast cancer risk of women have been classified
as average, intermediate, or high, based on genetic profile,
personal history of high-risk breast lesions or breast cancer,
history of chest wall radiation, etc.2 Being the most common
nonskin cancer among women, screening for breast cancer
for high-risk patients has been emphasized in the latest
years. With the consensus based on scientific data showing
different risks among different risk groups, screening regi-
mens have become tailored to the individual patient with the
guidance of national screening programs. The Ontario Breast
Screening Program (OBSP) recommends screening women
between ages of 30 and 69 years who are confirmed to be at
high risk of developing breast cancer, once a year with a
mammogram and breast MRI (or screening breast ultra-
sound if MRI is not medically appropriate).3 The American
Cancer Society, National Comprehensive Cancer Network,
and American College of Radiology recommend breast MRI
for screening as an adjunct to screening mammography for
high-risk women.4,5 Previous studies showed that breast
MRI is superior to breast ultrasound and mammography
with a sensitivity ranging from 64 to 100%.6

In addition to screening purposes, there are other indi-
cations for breast MRI, such as further evaluation of findings
that are initially detected on mammogram and/or ultra-
sound or evaluation of breast implants.

Compared with IMLN, axillary lymph nodes have been
much more analyzed throughout the years since the lym-
phatic drainage of the breast is mainly managed by axillary
lymph chain and axillary region is thefirst route for systemic
spread of breast carcinoma.

For characterizing malignant axillary lymph nodes, ultra-
sound was found to be 94% sensitive and 72% specific.
Sonographic criteria were based on size, long axis/short
axis (L/S) ratio, thickness of the cortex, and morphologic
features (absence or presence of fatty hilum).7 Normal hilar
fat has increased signal intensity on nonfat-saturation MRI
sequences and decreased signal intensity on fat-saturation
MRI sequences (►Fig. 1). Loss of hilar fat by the invasion of
malignant cells is also a good predictor of malignancy.
Another useful criterion is L/S ratio that has been shown to
be 97% specific formalignancywith values less than 2.8Using
these features, the suspicious axillary node could be detected
with a high sensitivity and specificity by ultrasound, com-
puted tomography, or MRI. In addition to these, since easily
approached, ultrasound-guided fine-needle aspiration (FNA)

for axillary lymph nodes is often and easily performedduring
daily practice. Apart from imaging, axillary lymphadenecto-
my or sentinel lymph node biopsy is also standard procedure
for breast cancer patients. Unlike axillary nodes, detecting
and characterizing nodes of internal mammary chain, which
is the second main drainage pathway of the breast, are much
more difficult. The internal mammary lymphatic chain is
located just anterior to the extra pleural space andwithin the
intercostal space that contains internal mammary artery,
internalmammary vein, internalmammary lymphatic chain,
and fat. The internal mammary vessels run through this
space along the first intercostal space to the sixth, either
medial or lateral to nodes.

Except some medical facilities, routine IMLN imaging or
FNA is not part of the diagnostic process. There are few
studies in this subject such as Dogan et al’s that included
preoperative and pretreatment ultrasound of 595 patients
and found 58 suspicious IMLNs, which were confirmed by
sentinel lymph node dissection and multislice imaging mo-
dalities after neoadjuvant chemotherapy.9

We know that tumoral spread to axillary or internal
mammary chain upgrades the staging that alters the treat-
ment and survival.10 The updated National Comprehensive
Cancer Network (NCCN) Breast Cancer Clinical Practice
Guidelines in 2016 recommends IMLN irradiation for
patients withmore than or equal to 4 positive axillary nodes,
and strongly considers IMLN irradiation for patientswith 1 to
3 positive axillary lymph nodes.11

Today, due to increased number of breast MRIs (mostly
due to high-risk screening) more and more IMLNs, most of
which have totally benign features, are being identified and
reported. This overcallingmight lead to unnecessary imaging
follow-ups that mean anxiety for the patient, confusion for
the clinician, and waste of sources.

Fig. 1 Axial plane, postcontrast magnetic resonance image of a right-
sided internal mammary lymph node in the second intercostal space,
which measures 8� 3mm. The low intensity fatty hilum is clearly seen
(arrow).
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In this retrospective study, we aimed to evaluate benign
IMLNs in termsof frequency, number, size, L/S ratio, intercostal
location,presenceof fattyhilum,andstabilityusingbreastMRI
and discuss the findings by reviewing existing literature.

Materials and Methods

Patient Selection
Our retrospective single-center study finally consisted of 130
women between the ages of 24 and 76 who had breast MRI
examination in our institution between January 1, 2019 and
November 1, 2019. The study was approved by the Unity
Health Toronto Research Ethics Board. Patient history was
obtained from reviewof the electronicmedical records of our
institution. The indications for breast MRI were high-risk
screening, family history of breast cancer (intermediate risk),
referral from mammography or breast ultrasound, dense
breasts, implant imaging, and discordant biopsy results.
High risk is defined by the OBSP as “women between the
age of 30 and 69 who meet one of the following criteria: a.
Known to be a carrier of a gene mutation (e.g., BRCA1,
BRCA2). b. First degree relative of a carrier of a genemutation
(e.g., BRCA1, BRCA2), has previously had genetic counselling,
and has declined genetic testing. c. Previously assessed by a
genetic clinic (using the IBIS or BOADICEA risk assessment
tools) as having amore than 25% lifetime riskof breast cancer
on basis of family history. d. Received chest radiation (not
chest X-ray) before the age of 30 and at least 8 years
previously.”

We listed all the patients who had breast MRI during the
defined period, with at least one prior MRI. A total of 854
cases were found. We excluded 427 of them based on our
exclusion criteria that are as follows:

• No breast MRI follow-ups (n¼185)
• History of breast carcinoma/recently diagnosed breast

carcinoma (n¼225)
• History of recently diagnosed carcinomaother than breast

(n¼5)
• History of chest radiotherapy (n¼2)
• Suboptimal/low-quality MRI (lack of contrast, motion

artifact, missing sequence) (n¼10)

After excluding 427 cases, 427 MRIs were left for the
study. After carefully evaluating the remaining MRIs, 140
cases were found to be positive for IMLN. Duplicated cases
(n¼10) who had more than one breast MRI in the study
period were counted as one with the latest MRI exam taken
into account. Overall, 130 patients were eligible out of 417
patients without malignancy.

Imaging Technique and Analysis
TwoMRI scanners (1.5T and 3T) were used with standardized
imaging protocols. The 1.5T system (Ingenia CX; Phillips)
consisted of axial bilateral three-dimensional T2 7-channel
images (repetition time msec/echo time msec, 1300/167; flip
angle: 90degrees) with a 360�357 acquisition matrix, axial
bilateral three-dimensional T2 SPAIR 7-channel (using identi-
cal parameters), and axial diffusion-weighted images (B val-

ues: 0 and 1,000; repetition time msec/echo time msec,
11,184/94;flip angle: 90degrees)with a112�135acquisition
matrix.Dynamiccontrast-enhancedTHRIVE imageswere then
performed (repetition timemsec/echo timemsec, 5.4/2.7; flip
angle:90degrees)usinga352�425acquisitionmatrix. The3T
system(Skyra; SiemensHealthcare) consistedofaxial bilateral
2mm STIR images (repetition time msec/echo time msec,
5,630/95;flip angle: 80degrees) using a 320�240 acquisition
matrix, axial bilateral T1 three-dimensional images (repetition
time msec/echo time msec, 6.10/2.21; flip angle:
20degrees) degrees using a 384�365 acquisition matrix,
and axial bilateral diffusion images (B values: 0 and 1000;
repetition time msec/echo time msec, 5,800/62; flip angle:
90degrees) using a 200�108 acquisition matrix. Dynamic
contrast-enhanced VIBE images were then performed (repeti-
tion time msec/echo time msec, 4.10�1.99; flip angle:
10degrees).

Dynamic contrast-enhanced breast MRI was performed
with a bolus injection of 0.1mmol per kilogram of body
weight of gadobenate dimeglumine (529mg/mL) (Multi-
hance; Bracco). Double-breast surface coils were used, dS
Breast 7ch 1.5 T in vivo for the 1.5 T system and 2/10/16-
Channel Sentinelle Breast Coil for the 3 T system.

MRIs of the study group, which were obtained from our
picture archiving and communication systems, were retro-
spectively and independently reviewed at a workstation by
two radiologists, one of which is a breast radiologist with
more than 20 years of experience and the other one, a breast
imaging fellow, who were blinded to the complete patient
history. Dynamic contrast-enhanced sequences as well as
T2-weighted sequence on the axial plane were mainly used
for the evaluation of the nodes. Only IMLN-positive cases
were evaluated further in terms of number, size, location
(regarding intercostal space), presence or absence of fatty
hilum as well as accompanying breast lesions. The size of the
node was measured on the axial plane involving long and
short axis. L/S ratio was then calculated for each case. For
cases with more than one node, each node was measured
separately. For each case, each node was compared with the
oldest available study.We defined growth asmore than 2mm
difference in the short axis measurement between two MRI
exam. In case of discordance between readers, a consensus
was made by a third breast radiologist with 20 years of
experience of breast imaging.

Statistical Analyses
Data analysis was performed using IBM SPSS Statistics
version 17.0 software (IBM Corporation, Armonk, New
York, United States). Kolmogorov–Smirnov test was used to
investigate the normal distribution assumption. Categorical
data were expressed as numbers (n) and percentage (%)
while quantitative data were given as mean� standard
deviation and median (min–max). While the differences in
node sizes and L/S ratios regarding for presence of fatty
hilum were compared by Mann–Whitney U test, Kruskal–
Wallis test was applied for the comparisons among MRI
indications. A p-value less than 0.05 was considered statisti-
cally significant.
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Results

Out of the total 854 breast MRIs, 427 cases were excluded
based on our exclusion criteria. Out of the 427 cases, 140 had
at least a single IMLN. Ten studies were found to be dupli-
cated, therefore excluded, leaving 130 cases finally eligible
for the study. Overall, positivity rate for IMLNwas found to be
31.1% among 417 breast MRI exams analyzed.

Themost common indication for breastMRIwas high-risk
patient screening with 86 patients (66.2%), followed by
mammography referral, family history of breast cancer (in-
termediate risk), breast implant imaging, dense breasts,

ultrasound referral, and discordant biopsy results
(►Table 1). The ages of the patients were between 24 and
76 with the median age of 48.7�10.7 years. The median
follow-up period was 19.5 months, ranging between 6 and
141 months. All the IMLNs were stable based on our growth
criterion. A total number of 256 nodeswere identified among
130 patients. Themedian number of nodes per patient was 1
(range: 1–6,►Fig. 2), as 51.5% (n¼67) of the cases had only a
single node. The number of patientswith total number of 1, 2,
3, 4, 5, and 6 nodes were 67, 30, 12, 14, 6, and 1, respectively.
Lymph nodes were only right sided in 30.8% of cases (n¼40),
only left-sided in 28.5% (n¼37), and bilateral in 40.7%
(n¼53) of cases. ►Table 2 summarizes the frequency distri-
bution of the location of the nodes with respect to intercostal
space. Most involved intercostal space was the second, fol-
lowed by the third and first.

Descriptive statistics for node sizes are given in ►Table 3.
Regardless of the fatty hilum, mean L/S ratio among 256
nodes was 1.90. L/S ratio of one hundred and four nodes
(n¼104, 40.6%) was less than 2 and 21 nodes had L/S ratio
equal to 1. Out of these 21 round nodes, thirteen measured
1�1mm, three measured 2�2mm, four measured
3�3mm, and one measured 4�4mm. We had a number
of 74 nodes with L/S ratio of 1.5 and 30 nodes with L/S ratio
ranging between 1.5 and 2. Overall, 43.2% (n¼45) of the
nodeswith L/S ratio less than 2 had a long axismeasuring less
than or equal to 3mm.

In►Table 4, we see themean node size andmean L/S ratio
of different indication groups. Patientswith implants had the

Table 1 Demographic and clinical characteristics of the cases

n¼130

Age (y), mean� SD 48.7�10.7

Range of ages (y) 24–76

Indication

High-risk screening 86 (66.2%)

Mammography referral 17 (13.0%)

Family history of breast cancer (intermediate risk) 7 (5.4%)

Implant imaging 7 (5.4%)

Dense breasts 6 (4.6%)

US referral 5 (3.9%)

Discordant biopsy results 2 (1.5%)

Total number of IMLN per patient, median (min–max) 1 (1–6)

Side

Right 40 (30.8%)

Left 37 (28.5%)

Bilateral 53 (40.7%)

Fatty hilum

Absent (not visualized) 62 (47.7%)

Present 68 (52.3%)

Follow-up time (mo), median (min–max) 19.5 (6–141)

Abbreviations: IMLN, internal mammary lymph node; min, minimum; max, maximum; SD, standard deviation.

Fig. 2 Each bar on the x-axis indicates the number of nodes. The
frequency (a.k.a. the number of cases) levels regarding for each bar
are represented on the y-axis.
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largest nodes compared with nodes of other indication
groups. Mean long axis of the largest node of each patient
with implant was 5.43�2.37 (2–8) with a mean L/S ratio of
1.72�0.17.

The number of nodes with positive fatty hilum was 88
(34.3%), whereas the number of nodes without fatty hilum
was 168 (65.7%). At least one node had a fatty hilum in 52.3%
(n¼68) of the patients. When each node was evaluated
separately in terms of fatty hilum and L/S ratio, while nodes
with positive fatty hilum had a mean L/S ratio of 1.84�0.53,
the mean L/S ratio of nodes without fatty hilum was

2.03�0.67. No statistically significant correlation was found
between fatty hilum and L/S ratio (p¼0.062). The size of the
lymph nodes where fatty hilum was visualized was signifi-
cantly larger than the ones where fatty hilum was not
visualized (p<0.001) (►Fig. 3). We could not detect fatty
hilum in anyof the nodesmeasuring 1�1mm(n¼14) and in
96.5% (n¼56) of the nodes measuring 2�1mm (n¼56)/
2�2mm (n¼2).

Ipsilateral breast lesions and history of ipsilateral breast
biopsy/surgery are summarized in ►Table 5. Ten percent
(10%) of the patients had an ipsilateral intramammary lymph
node and 3.8% had an ipsilateral prominent axillary lymph
node (cortical thickness greater than 3mm), all of which
were revealed to be benign either by follow-up or biopsy.
Other than these findings, 20 solid masses were identified
among 130 cases, of which 15 had been biopsiedwith results
of fibroadenoma (n¼10), tubular adenoma (n¼1), and
papilloma (n¼4). Nonbiopsied masses were regarded as
benign due to lack of interval change on follow-up for at
least 2 years.

Cases that had a history of ipsilateral breast intervention
(32.3%, n¼42) are as follows: lumpectomy/mass excision
(n¼10), ultrasound-guided biopsy (n¼20), stereotactic
guided biopsy (n¼4), and MRI-guided biopsy (n¼10). One

Table 2 Frequency distribution of intercostal spaces (n¼ 256)

n %

1st 43 16.7

2nd 117 45.7

3rd 75 29.2

4th 14 5.4

5th 5 1.9

6th 2 0.7

Table 3 Descriptive statistics for node sizes

Nodes overall, mean� SD (min–max) n¼256

Long axis (mm) 3,93� 1.9 (1–12)

L/S ratio 1.90�0.59 (1–5)

The largest node of each case, mean� SD (min–max) n¼130

Long axis (mm) 4.57�1.92 (1–12)

L/S ratio 1.92�0.53 (1.0–5.0)

The largest node of fatty hilum positive cases, mean� SD (min–max) n¼68

Long axis (mm) 5.38�1.72 (2–10)

L/S ratio 2.03�0.60 (1–5)

Abbreviations: L/S ratio, long axis/ short axis ratio; max, maximum; min, minimum; SD, standard deviation.

Table 4 The comparisons of node sizes (mm) among indications

Mean long axis (mm) L/S ratio

Implant Imaging 5.43�2.37 (2–8) 1.72�0.17 (1.5–2.0)

US referral 5.40�2.61 (3–9) 1.93�0.37 (1.5–2.5)

High-risk screening 4.70�1.95 (1–12) 1.99�0.58 (1.0–5.0)

Family history of breast cancer (intermediate risk) 4.14�2.11 (1–8) 1.82�0.62 (1.0–3.0)

Mammography referral 3.94�1.25 (2–6) 1.84�0.39 (1.0–2.5)

Dense breasts 3.67�1.75 (1–6) 1.59�0.35 (1.0–2.0)

Discordant biopsy results 3.50�0.71 (3–4) 1.56�0.08 (1.5–1.6)

p-Valuea 0.411 0.231

Abbreviations: L/S, long/short axis; SD, standard deviation; US, ultrasound.
Data were shown as mean� SD (min–max),
aKruskal–Wallis test. L/S ratio.
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of the patients had both mammography-guided and MRI-
guided biopsy and one had both ultrasound-guided biopsy
and surgery.

Nineteen patients had bilateral breast implants. Six of
them had implant rupture (4 extracapsular, 2 intracapsular).

Discussion

As the number of breast MRI examinations have increased in
the last decade, mostly due to high-risk screening, we are

more challenged by incidental findings such as benign axil-
lary or IMLNs.12 Unlike axillary nodes that are much more
easily identified given the superficial location and relatively
larger size, IMLNs are more difficult to identify, hence might
be overlooked. When identified, radiologists face this uncer-
tainty of how to approach as we lack a certain guideline for
classifying them. While overcalling might cause anxiety,
confusion, waste of sources, underdiagnosing might lead to
staging errors, therefore inadequate treatment. As we know
lymphatic spread is the most common route of initial me-
tastasis for carcinomas that impacts disease stage, prognosis,
and survival, it is essential to select the suspicious
nodes.13–15 In our study, we have detected a total of 256
IMLNs among 427 breast MRIs evaluated. We have excluded
185 cases as they lacked follow-up MRI.

In 2015, Mack et al published a retrospective study
including breast MRIs of 108 asymptomatic high-risk wom-
en.16 Their study had this limitation of involving only single
MRI for assessing IMLNs rather than comparing with priors
to ensure benignity and lack of interval change.

IMLNs were described as a common finding of high-risk
screening with being positive in 50 of the 108 cases (46%)
with the average size of 4.50mm (range: 2–9�1.59mm) in
the greatest diameter. In our study, IMLN was found in 130
out of the 417 patients (31.1%) with the average long axis
diameter of 3.93mm (range: 1–12�1.9).

Mack et al found IMLNs most frequently in the second
intercostal space followed by the third intercostal space. All
the 26 malignant IMLNs were found within the first three
intercostal space by Sachdev et al.17 Similarly, Wang et al
showed that the second and first intercostal spaces were
most likely to be involved by malignant nodes.18 We also
detected IMLN mostly in the second intercostal space fol-
lowed by the third intercostal space. The evaluation of the
narrow first intercostal spacemight be limited in some cases.
So, whethermalignant or not, IMLNs have beenmostly found
in the first three intercostal spaces.

Mean L/S ratio was found to be 1.9 (range: 1–5�0.59) in
our study. Previous studies have shown that for axillary,
cervical, and supraclavicular lymph nodes, L/S ratio less than
2 is a feature of malignancy.19–22 In our study, no cutoff point
for the L/S ratio could be given since a comparison groupwas
lacking. About 40.6% of the nodes in our study had L/S ratio
less than 2 and of these nodes, 43.2% had a long axis
measuring less than or equal to 3mm. We believe for
small-sized benign nodes, it is usual to have L/S ratio less
than 2 as these nodes tend to be rounded.

Mack et al also stated that “all the IMLNs had either a visible
fatty hilum or a normally shaped lobular or oval appearance
with circumscribedmargins”; however, it is not clearly defined
howmanyof thelymphnodes lacked fattyhilumdespitenormal
shape. In our study, the fatty hilum was not identified in 168
nodes (65.7%). Forty-two percent of these nodes were small
sized (long axis smaller than 3mm). As the node gets larger, it
was easier to identify the fatty hilum. However, for some cases
despite the relatively large size of thenode, thehilar notch could
not be visualized due to respiratory/cardiac motion artifact or
when the hilum is not parallel to the imaging plane.

Fig. 3 Comparison of the long axis size of nodes in patients with and
without fatty hilum. The y-axis indicates the size of the long axis. The
horizontal lines in the middle of each box indicate the median, while
the top and bottom borders of the box mark the 25th and 75th
percentiles, respectively. The whiskers above and below the box mark
the maximum and minimum levels of node sizes.

Table 5 Frequency distributions of ipsilateral breast mass
lesions and biopsy/surgery

n¼ 130

Breast mass lesions (ipsilateral)

Papilloma 4 (3.1%)

Fibroadenoma 10 (7.7%)

Reactive intramammary
lymph node (ipsilateral)

13 (10.0%)

Prominent axillary lymph
node (ipsilateral)

5 (3.8%)

Cyst 14 (10.8%)

Tubular adenoma 1 (0.8%)

Solid mass (not biopsied) 5 (3.8%)

None 80 (61.5%)

History of breast biopsy/ surgery (ipsilateral)

MR-guided biopsy 10 (7.7%)

US-guided biopsy 20 (15.4%)

Mammography-guided biopsy 4 (3.1%)

Surgery 10 (7.7%)

None 88 (67.7%)

Abbreviations: MR, magnetic resonance; US, ultrasound.
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In addition to high-risk patients, our study also involved
other MRI indication groups such as implant imaging. These
patients had the largest nodes compared with other groups
(►Table 4). In Sutton et al’s 2015 study involving 207 IMLNs
among patients with breast implants who had undergone
oncoplastic surgery, only one (0.48%) was found to be
malignant.23 Enlargement of the lymph nodes is thought to
represent the foreign body reaction of the body to the
implant.24

In 2015, Ray et al published a study that included follow-
ups of incidentally found IMLNs on 320 consecutive screen-
ing breast MRI examinations in 92 women without MRI
evidence of malignancy.25 IMLN frequency and size were
similar to Mack et al’s study, being positive in 45 of 92 cases
(49%)with amean long axis of 4mm (range: 3–10mm). None
of the patients developed breast cancer after a mean follow-
up interval of 3 years (range: 1–10 years). Their study was
mostly based on the size of the node and follow-up behavior
rather than the morphological features. Similar to our study,
none of the nodes in their study group showed significant
growth during follow-ups.

In Savaridas et al’s retrospective computed tomography
study analyzing 149 patients who were diagnosed with
primary breast cancer within the 48-month time frame, it
was found that 42% (n¼62) of the cases were positive for
IMLN, while the majority were small sized (<5mm).26 They
showed that patients with large (>5mm) IMLN either had
distant metastases or additional adenopathy. In our study of
benign IMLNs, the mean long axis size of the largest node of
each patient was 4.57mm and the mean long axis size of
overall nodes was 3.9mm. We know that L/S ratio is more
useful rather than axis sizes alone since a node with a large
size of the long axis might still be benign as long as it is
elliptical with a preserved fatty hilum.

Although Lee and Kim’s study had a superiority compar-
ing benign (n¼40) and malignant (n¼19) IMLNs of 59
patients, lacking pathological results for some of the cases
was a limitation.27 The lymph nodes that decreased in size
post-chemotherapy were included in the malignant group;
however, we know that even benign vascularized/fast grow-
ing breast masses such as fibroadenomas might also de-
crease in size aftermedical treatment. The short axis sizewas
found to be the most discriminative variable in their study
with a threshold of 4mm to predict metastases. All the 19
benign cases of the benign subgroup had fatty hilum. How-
ever, they excluded caseswith a long axis less than 5mmand
defined them as too small to characterize. Our study involved
all the IMLNs regardless of the size as long as it is defined as a
lymphnode in all the sequenceswith consensus. About 28.1%
(n¼72) of the nodes in our study had a long axis less than
3mm. Of these, the rate of identifying fatty hilum (2.7%) was
remarkably less than the larger ones. This is not surprising as
the spatial resolution is limited by the pixel size. The
difficulty for identifying the fatty hilum in most of our cases
could be attributed to the small size of the lymph node.

Ipsilateral reactive intramammary lymph node was iden-
tified in 10% of the cases. In the literature, the prevalence of
intramammary lymph nodes have been reported to vary

between 0.7 and 48%.28,29 The huge variation might be
caused by the retrospective method of the studies using
different modalities. As the exact numbers are unclear, we
were unable to describe a correlation between the incidence
of intramammary lymph nodes and IMLN.

About 32.3% of the patients had a history of ipsilateral
breast intervention. This is much higher than the general
population We do not know whether the IMLN was formed
as a reaction to the intervention. Our study group mostly
involves high-risk patients and patients for whom MRI was
recommended. These patients have higher rates of being
biopsied; therefore, bias is inevitable.

Our study has some limitations. First of all, only benign
lymph nodes without a comparison group consisting of
malignant cases were evaluated; therefore, no cutoff point
for L/S ratio could be given. Number of cases with MRI
indications other than high-risk screening such as implant
imaging are limited. Finally, 1.5T and 3TMRI exams could not
be evaluated separately and compared as patients had been
scanned in different magnets throughout follow-ups.

In conclusion, like benign axillary lymph nodes, benign
IMLNs can be frequently detected on breast MRIs without
signs ofmalignancy. These nodes tend to be larger in patients
with breast implants and tend to be stable over time. We
believe it is not necessary to mention IMLNs smaller than
3mm in patientswithout suspicious breast lesions. For nodes
larger than 3mm, L/S ratio and fatty hilum should be
evaluated. The ones with a rounded appearance (L/S↓) and
where fatty hilum is not seen despite the large size could be
evaluated more carefully and managed according to the
patient’s risk factors.
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