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Abstract
The internal mammary lymph node (IMLN) chain is a pathway through which breast lymphatic drainage flows. The internal 
mammary lymphatic vessel runs around the internal mammary artery and veins with IMLN in the parasternal intercostal 
spaces. IMLN metastasis, which forms a part of clinical TNM staging, may negatively affect the prognosis of primary breast 
cancer patients. IMLN metastasis is clinically detected using ultrasound, computed tomography, magnetic resonance imag-
ing, and 18F-deoxyglucose positron emission tomography computed tomography. The uptake of radioactive tracers in IMLN 
with clinically negative axillary lymph nodes is often identified using sentinel lymph node mapping (SLNM) in primary 
breast cancer patients. The indication for IMLN biopsy or resection that is clinically detected or visualized using SLNM is 
controversial. The clinically suspicious IMLN may be considered for ultrasound-guided fine-needle aspiration. First IMLN 
recurrence needs to be biopsied. Irradiation of the breast, chest wall, and/or regional nodal irradiation, including IMLN, 
following lumpectomy or postmastectomy is recommended. Although radiation therapy for IMLN recurrence may improve 
clinical outcomes, it is also associated with pulmonary and cardiac toxicities. This review covers the local anatomy of IMLN, 
lymph drainage and image findings of IMLN with a discussion.
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Introduction

Although breast lymphatic drainage flows into the axillary 
lymph node (ALN) and/or internal mammary lymph node 
(IMLN) chain, the importance of detecting IMLN metastasis 
and its treatment has long been debated [1]. IMLN metas-
tasis forms a part of clinical TNM staging and may nega-
tively affect the prognosis of primary breast cancer patients 
[2]. Therefore, radiologists need to understand the anatomy 

and image findings of IMLN including ultrasound (US), 
computed tomography (CT), magnetic resonance imaging 
(MR), and 18F-deoxyglucose positron emission tomography 
CT (FDG-PET–CT) to avoid the underdiagnosis of IMLN 
metastasis. The uptake of radioactive tracers in IMLN is 
often identified using sentinel lymph node mapping (SLNM) 
[3]. The indication for IMLN biopsy or resection is contro-
versial due to the absence of prognosis improvement and 
the complication of bleeding [4, 5]. IMLN irradiation may 
improve clinical outcomes, but it is also associated with 
pulmonary and cardiac toxicities [6]. Thus, in treatment 
indications, we need to consider the risk to patients. This 
review discusses the anatomy, clinical staging of breast can-
cer patients, normal and abnormal findings for IMLN on 
various imaging modalities, and indications for biopsy and 
local treatments.
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Anatomy

An intimate knowledge of the anatomy of IMLN and the 
surrounding vessels contributes to the detection of enlarged 
IMLN on each imaging modality for clinical staging in breast 
cancer patients. It also ensures successful and safe IMLN 
biopsy by preventing bleeding from vessels. The internal 
mammary lymphatic vessels with the internal mammary 
artery (IMA; internal thoracic artery) flanked by two paral-
lel internal mammary veins (IMV) run alongside the sternal 
border in the anterior intercostal space (ICS) and beneath the 
internal intercostal muscle, ribs, costal cartilages, and inter-
costal nerves, but above the parietal pleura and transversus 
thoracis [7, 8]. Figure 1 shows an axial schema of the chest 
wall. The most common sites to have at least one IMLN are 
the second and third ICSs (Fig. 2). Although the positional 
relationship between IMA and IMLN is not uniform, IMLN 
is more likely to be laterally located in relation to the IMA in 
the second ICS and medially in the third and fourth ICSs [7]. 

Lymph drainage

Breast lymphatic drainage flows into ALN and/or IMLN 
chain. Approximately, 97% of breast lymph drainage flows 
into ALN with the remaining 3% flowing into IMLN [9] 
(Fig. 3a). The breast parenchyma has three inter-commu-
nicating lymphatic plexuses involved in lymph drainage: 
superficial, perforating, and deep flow [8] (Fig. 3b). The 
superficial and perforating plexuses drain almost exclu-
sively into ALN through the sub-areolar Sappey lymphatic 
network. The deep system drains into ALN and IMLN. The 
intermediate perforating plexus is connected to the deep 
plexus. Although previous studies consistently reported that 

medial breast cancer is strongly associated with a higher rate 
of IMLN metastasis, breast cancers located in any area of the 
breast parenchyma have the potential to metastasize through 
IMLN [8]. IMLN receive lymph drainage from the anterior 
diaphragmatic nodes, antero-superior portions of the liver, 
and deeper structures of the anterior chest and upper anterior 
abdominal walls. Furthermore, lymph drainage transversely 
flows between IMLN and the anterior or superior medias-
tinal nodes.

Staging for breast cancer and prognosis

The TNM staging system was established to reflect the 
extent of disease and prognosis of breast cancer patients. 
According to the American Joint Committee on Cancer 
Staging Manual, a clinical N stage is assigned by the clini-
cal detection of lymph node metastasis, which is defined 
as detection by imaging modalities or a physical examina-
tion and having characteristics strongly indicating malig-
nancy or presumed pathological macrometastasis based 
on fine-needle aspiration (FNA) [10]. Image modalities 
for a clinical N stage assessment include US, CT, MR, and 
PET–CT. The incidence rates of enlarged IMLN detected 
on US, CT, MR, and PET–CT are approximately 10, 16, 
16, and 14%, respectively [11–13]. Enlarged IMLN on each 
modality, solid hypoechoic round or oval IMLN (with or 
without an echogenic hilum) on US, and FDG-avid IMLN 
with a greater uptake than the background pectoralis muscle 
or mediastinal blood pool level on FDG-PET–CT indicate 

Fig. 1  An axial schema of the chest wall. The internal mammary 
artery (A) runs alongside the sternal border flanked by two parallel 
internal mammary veins (V) behind the internal intercostal muscle 
(IIM). The internal mammary lymphatic vessel (L) runs around the 
internal mammary artery and veins with the internal mammary lymph 
node in the parasternal intercostal spaces (ICS)

Fig. 2  The internal mammary lymph node (IMLN) in the intercostal 
space (ICS). At least one of the IMLN is shown at the second (II), 
third (III) or fourth (IV) ICS on both sides. The most common sites 
to have at least one normal IMLN are the second and third ICSs. 
Although the positional relationship between IMA and IMLN is not 
uniform, IMLN is more likely to be laterally located in relation to the 
IMA in the second ICS and medially in the third and fourth ICSs. The 
mean number of IMLN is the highest in the third ICS
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IMLN metastasis. Regarding IMLN biopsy, there is cur-
rently no consensus for its contribution to the confirmation 
of metastasis [5]. Although sentinel lymph node biopsy 
(SLNB) is not routinely performed for IMLN, the existence 

of IMLN metastasis detected by SLNB, FNA, or clinical 
imaging upgrades the clinical and pathological N category 
in women with newly diagnosed breast cancer [12, 13] 
(Tables 1 and 2). Therefore, IMLN metastasis detected by 

Fig. 3  Schemas of breast lymphatic drainage. a Approximately 97% 
of breast lymph drainage flows into the axillary lymph nodes (ALN). 
Only 3% of breast lymph drainage flows into the internal mammary 
lymph node (IMLN). b The breast parenchyma has superficial, per-
forating, and deep drainage flows. The superficial and perforating 

plexuses drain almost exclusively into ALN through the sub-areolar 
Sappey lymphatic network. The deep system drains into ALN and 
IMLN. The intermediate perforating plexus is connected to the deep 
plexus

Table 1  Definition of regional 
clinical lymph nodes in the 
American Joint Committee on 
cancer staging system

RLN regional lymph nodes, ALN axillary lymph nodes, IMLN internal mammary lymph nodes

NX RLN cannot be assessed
N0 No RLN metastasis
N1 Metastases to movable ipsilateral level I, II ALN
N2a Metastases in ipsilateral level I, II ALN fixed to one another (matted) 

or to other structures
N2b Metastases only in ipsilateral IMLN in the absence of ALN metastases
N3a Metastasis in ipsilateral infraclavicular lymph node(s)
N3b Metastasis in ipsilateral IMLN and ALN
N3c Metastasis in ipsilateral supraclavicular lymph node(s)

Table 2  Regional pathological lymph nodes in the American Joint Committee on cancer staging system

RLN regional lymph nodes ALN axillary lymph nodes, IMLN internal mammary lymph nodes

pNX RLN cannot be assessed
pN0 No RLN metastasis identified or isolated tumor cells only
pN1mi Micrometastases
pN1a Metastases in 1–3 ALN, at least one metastasis > 2.0 mm
pN1b Metastases in ipsilateral IMLN, excluding isolated tumor cells
pN1c pN1a and pN1b combined
pN2a Metastases in 4–9 ALN
pN2b Metastases in clinically detected IMLN with or without microscopic confirmation; with pathologi-

cally negative ALN
pN3a Metastases in 10 or more ALNs; or metastases

to the infraclavicular (level III) ALN
pN3b pN1a or pN2a in the presence of cN2b (positive IMLN by imaging); or pN2a in the presence of pN1b
pN3c Metastasis in ipsilateral supraclavicular lymph nodes



632 Japanese Journal of Radiology (2018) 36:629–640

1 3

imaging studies will upstage a patient with clinical TNM 
stage I or II disease to stage III [13] (Table 3). The presence 
of IMLN adenopathy at presentation in women with breast 
cancer is associated with a poor prognosis [11].

pN1b is considered when IMLN metastases are detected 
at SLNB with micrometastases or macrometastases, but 
are not clinically detected by imaging studies or a physical 
examination. pN2b is considered when IMLN metastases 
are detected by imaging studies or a physical examination 
in the absence of axillary lymph node metastases. However, 
disease-free (DFS) and overall survival did not significantly 
differ between the pN1b and pN2b groups due to marked 
improvements in the abilities of imaging modalities to detect 
small IMLN metastases [2]. The current classification of 
pN1b and pN2b is controversial and a modified N category 
may possibly be proposed in future.

IMLN appearance on US, CT, MR, and PET–CT

US, CT, and MR are useful imaging modalities for screening 
IMLN. IMLN is generally observed around internal mam-
mary vessels on each modality.

US

IMLN may be evaluated by expanding the extent of the 
standard whole-breast US examination for breast cancer. 
With transverse and longitudinal plane scans along the 
sternal border, IMLN is located around the IMA and IMVs 
in the ICS. In the longitudinal plane, IMLN may be seen 
in the ICS between palpable parasternal costal cartilages 
with scan of a transducer parallel to the sternal border. On 
US images, the ICS shows isoechoic structures filled with 
fat tissue between hypoechoic costal cartilages beneath 
the intercostal muscle. The hyperechoic line lying deep 
to the ICS represents the pleura. In the transverse plane, 
with a transducer fitted in between costal cartilages, IMLN 
may be found in the ICS along the sternal border. Color 
Doppler US is useful for detecting IMLN around these 
vessels, and may help to distinguish IMLN from a perfo-
rating branch of IMV. Abnormal IMLN shows a spherical 
or oval hypoechoic mass. However, normal IMLN is often 
too small to be visible (Fig. 4). The incidence of visible 
IMLN on US is only 10% in patients with primary breast 
cancer [11].

Table 3  N stage and TNM stage 
based on the axillary lymph 
node and internal mammary 
lymph node status in the 
American Joint Committee 
cancer staging system

ALN axillary lymph nodes, IMLN internal mammary lymph nodes
a Clinically detected is defined as being detected by imaging studies or a clinical examination and having 
characteristics strongly indicating malignancy or presumed pathological macrometastasis based on fine-
needle aspiration

ALN metastasis IMLN metastasis by sentinel 
lymph node biopsy

Clinically detected 
IMLN  metastasisa

N stage TNM　stage

– + – pN1b IIA/B, IIIA
1–3 + – pN1c
– / + pN2b IIIA/B
≥1 / + pN3b IIIC
>3 + –

Fig. 4  Normal ultrasound 
image around an invisible 
internal mammary lymph node 
in intercostal spaces (ICS). a 
Transverse ultrasound image 
shows the internal mammary 
artery (A) and vein (V) in the 
ICS (solid line). b Transverse 
color Doppler US image shows 
the internal mammary artery 
(A) and veins (V). c Longi-
tudinal US image shows the 
intercostal muscle (M) and the 
ICS between 2nd and 3rd costal 
cartilage. d Longitudinal color 
Doppler US image shows inter-
nal mammary vessels
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CT

Although the size criteria for what precisely constitutes 
abnormal IMLN currently remain unclear, 42% of IMLN in 
patients with primary breast cancer present on CT (Fig. 5). 

Among detected IMLN, 16% are greater than 5 mm in 
the short axis. The presence of large IMLN is correlated 
with advanced disease stage based on CT evidence of dis-
tant metastases [14].

MR

Breast MR is used to diagnose and assess the extent of breast 
cancer and includes T1-weighted, T2-weighted, diffusion-
weighted, and contrast-enhanced T1-weighted images. 
IMLN exists within the field of view and may be assessed 
on breast MR. In asymptomatic high-risk women for screen-
ing MR [15], presumed normal IMLN were visualized in 
53.7% of high-risk patients. In these patients, an average of 
1.4 (1–3) IMLN was detected. The average size of IMLN is 
4.5 mm at their greatest diameter. Detected IMLN are more 
frequently observed on the left, at the 2nd and 3rd ICS, and 
medial to the internal mammary vessels. Figure 6 shows 
unilateral enlarged IMLN on an MR image.

PET–CT

PET–CT is more sensitive than CT alone for the detection of 
IMLN adenopathy (Fig. 7). Visual evaluations of abnormal 
uptake by IMLN are performed to establish whether uptake 
by ipsilateral IMLN is greater than that in the mediastinal 
blood pool or contralateral parasternal area on PET–CT [1, 
16].

Fig. 5  CT image around an enlarged internal mammary lymph node 
(IMLN) in 2nd intercostal spaces (ICS). An axial CT image shows 
enlarged IMLN (arrow) along with the internal mammary artery (A) 
and vein (V) in the ICS

Fig. 6  MR image of bilateral intercostal spaces (ICS). a A 
T2-weighted image shows an enlarged internal mammary lymph 
node (IMLN) with high signal intensity (arrow) in the right intercos-
tal spaces (ICS). b An axial image (b = 1000 s/mm2) shows abnormal 

IMLN (arrow) with diffusion restriction. c An axial dynamic contrast-
enhanced MR image shows swollen enhanced IMLN (arrow). Normal 
IMLN in contralateral ICS is undetectable on each image (arrow-
heads)
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Pitfalls in image modalities

Perforating branches of IMV mimic IMLN on US. IMV 
sometimes shows a high signal intensity on diffusion-
weighted MRI, mimicking IMLN metastasis. Osteolytic 
sternal metastasis resembles IMLN metastasis with sternal 
erosion. Inflammation or infection may be a cause of false 
positive FDG-avid IMLN on PET–CT. The precise identifi-
cation of IMLN and the clarification of its relationship with 
surrounding structures are needed.

Case‑based image review

Primary breast cancer

IMLN biopsy during autologous free flap reconstruction 
[4] showed that 6% of IMLN metastases correlated with 
age < 40 years, lymphovascular invasion, and a negative 
progesterone receptor status. IMLN adenopathy identified 
at the initial staging with PET–CT and MR was 2.7% [1]. 
An inner tumor location and positive ALN status were asso-
ciated with IMLN adenopathy. The incidence of clinically 
apparent IMLN metastases detected on US, CT, PET–CT, 
and/or MR was approximately 14% in patients with clini-
cal N2 or N3 locally advanced breast cancer [12] (Fig. 8). 

The median size of the enlarged IMLN was 1.3 cm (range 
0.5–3.0 cm). Normal IMLN was most commonly detected 
in the third ICS in cadavers [7]. However, enlarged IMLN 
involved the first, second, and third ICSs in 55, 58, and 22%, 
respectively [12].

IMLN recurrence

IMLN recurrence is rare. The incidence rates of IMLN 
recurrence after treatment detected on CT and PET–CT were 
1.5% [17] and 0.2–1.4% [18, 19], respectively. Metastasis to 
the sternum is more frequent in breast cancer patients with a 
solitary metastatic bone lesion caused by local tumor inva-
sion from adjacent IMLN metastasis (Fig. 9) than in those 
with multiple metastatic bone lesions [20].

Swelling of IMLN with breast implants

The incidence of enlarged IMLN (Fig. 10) in women with 
a history of breast cancer and silicone implant reconstruc-
tion on MR was 37.6% with a median short axis of 4 mm 
and median long axis of 7 mm [21]. The incidence of 
FDG avidity on PET–CT for enlarged IMLN detected 
with MR was 24.1% with a median standardized uptake 
value of 2.3 [22]. Only 1 out of 207 IMLN in patients 
with an adequate follow-up was malignant. In patients 

Fig. 7  Left internal mammary lymph node (IMLN) recurrence 
3  years after mastectomy for breast cancer. Non-enhanced (a) and 
enhanced (b) axial CT images both show swollen IMLN (arrow) 
in the left second intercostal spaces. Axial (c) and coronal (d) 

fused FDG-PET–CT images show hypermetabolic activity (SUV 
max = 2.7) within the left IMLN (arrowheads) greater than that of the 
mediastinal blood pool (M)
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Fig. 8  Left breast cancer with internal mammary lymph node 
(IMLN) metastasis. Diffusion-weighted image (a), T1-weighted 
enhanced image (b), and enhanced chest CT image (c) show breast 
cancer (arrow) with a 7-mm adenopathy of IMLN (arrowhead) in 
the left second intercostal space. Fused FDG-PET–CT image (d) 

shows hypermetabolic activity (SUVmax = 10.8) within breast can-
cer (arrow) with intermediate activity (SUVmax = 2.7) within the left 
IMLN (arrowhead). After neoadjuvant systemic therapy, FDG uptake 
by IMLN decreased (not shown), and was presumably due to IMLN 
metastasis

Fig. 9  Internal mammary lymph node recurrence with sternum invasion. a Bone scintigraphy shows uptake by two nodes to the right side of the 
sternum. Axial CT images (b, c) show swollen IMLN (arrows) with suspected infiltration on the right side of the sternum
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with breast cancer following silicone implant reconstruc-
tion, hypermetabolic activity within IMLN on FDG-
PET–CT may be due to metastatic deposits, non-specific 
inflammation, or silicone migration [22].

SLNM

The sentinel lymph node is the first node that drains 
cancer cells. Biopsy for axillary sentinel lymph nodes 
detected by SLNM is a procedure for staging and select-
ing a therapeutic plan for patients with clinically nega-
tive ALN. If the sentinel lymph node biopsy shows nega-
tive involvement, no further ALN surgery is indicated. 
In cases of unidentified sentinel ALN on SLNM, axil-
lary dissection is recommended [10]. Although ALN 
frequently receives first and direct lymphatic drainage, 
SLNM shows ALN and IMLN or IMLN only in some 
patients. In approximately 20% of patients, SLNM visual-
izes drainage both to ALN and IMLN (Fig. 11), exclusive 
lymphatic drainage to IMLN (without the visualization of 
ALN) is only observed in approximately 8% of patients 
(Fig. 12). SLNM after a peritumoral injection of a radio-
isotope (deep lymphatic plexus) leads to markedly greater 
uptake in IMLN than subdermal or sub-areolar injections 
(superficial lymphatic plexus) [23]. IMLN is more fre-
quently observed in younger patients with smaller and 
medial tumors. The rates of lymphatic drainage to IMLN 
differ among radiocolloids, including 99mTc-sulfur col-
loid, 99mTc-nanocolloid, 99mTc-antimony trisulfide 99mTc-
rhenium sulfide, and 99mTc-phytate [3]. IMLN drainage 
on SLNM was previously shown to correlate with worse 
distant DFS [24].

Indication of biopsy and resection for IMLN

In primary breast cancer, biopsy of IMLN is more diffi-
cult than that of axillary sentinel nodes, with success rates 
between 70 and 100%. The exploration of IMLN is an extra 
procedure that carries an additional risk of intra- and post-
operative complications and a less satisfactory cosmetic 
outcome. There is no consensus regarding sentinel IMLN 
biopsy for a diagnosis or prognosis when observed on pre-
operative SLNM in primary breast cancer patients [5].

US-guided FNA of IMLN may be performed without 
the risk of injury to the vessels and pleura, and potentially 

Fig. 10  A swollen internal mammary lymph node with implant rup-
ture in a patient after left mastectomy and silicone implant recon-
struction 15  years earlier. a A short-tau inversion recovery image 
shows a collapsed implant shell as a curvilinear structure with 

low signal intensity in silicone gel with high signal intensity. b An 
enhanced T1-weighted image shows IMLN (L) with a long-axis 
diameter of 4 mm between the internal mammary artery (A) and vein 
(V)

Fig. 11  SPECT-CT maximum intensity projection image after an 
injection of 99mTc-phytate. Internal mammary sentinel nodes (arrow-
heads) and an axillary sentinel node (arrow) are both observed
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influences patient management by changing staging and 
therapeutic decisions [12]. The aforementioned imaging 
characteristics suggest IMLN metastasis and such IMLN 
may be considered for ultrasound-guided FNA (Fig. 13) 
[25].

IMLN was previously removed and pathologically eval-
uated during extended radical mastectomies. Since breast 
conservation has become more common, IMLN is no longer 
routinely sampled [24] because of the morbidity of the pro-
cedure and lack of a demonstrated survival benefit. How-
ever, IMLN needs to be biopsied in recurrent patients who 
presented with IMLN as the first metastatic site (Fig. 14a, 
b) [10].

Indication of radiation therapy for IMLN

In high-risk patients undergoing lumpectomy, whole-breast 
irradiation includes regional nodal irradiation (RNI). RNI 
generally covers the supraclavicular and infraclavicular 
areas, IMLN, and part of ALN. The National Cancer Insti-
tute of Canada MA.20 trial [26] showed that RNI improved 
10-year DFS and reduced the recurrence rate of breast can-
cer. However, RNI did not improve 10-year overall survival. 
The European Organization for Research and Treatment of 

Fig. 12  SPEC-CT maximum intensity projection image after an 
injection of 99mTc-phytate. Internal mammary sentinel nodes (arrow-
heads) are observed without the visualization of ALN

Fig. 13  Left medial breast cancer with internal mammary lymph 
node (IMLN) metastasis. An enhanced chest CT image a shows the 
adenopathy of IMLN (arrowhead) in the left third intercostal space. 
A fused FDG-PET–CT image b shows hypermetabolic activity within 

the left IMLN (arrowhead). A US image c shows a 7-mm hypoechoic 
oval IMLN. d US-guided fine-needle aspiration biopsy (arrowheads 
denote needle) for IMLN (arrow) confirmed IMLN metastasis



638 Japanese Journal of Radiology (2018) 36:629–640

1 3

Cancer 22,922/10,925 trials [27] showed that RNI improved 
DFS and distant DFS, reduced breast cancer mortality, and 
slightly affected overall survival. The National Comprehen-
sive Cancer Network (NCCN) panel [10] recommended RNI 
irradiation for patients with 4 or more positive ALNs, the 
strong consideration of RNI for those areas with 1–3 positive 
ALNs, and no routine RNI for patients with negative ALN. 
Moreover, RNI may be considered for patients with central/
medial primary tumors or tumors that are 2 cm or more in 
size with other high-risk features.

Regarding RNI in postmastectomy radiation therapy 
(PMRT), the Early Breast Cancer Trialists’ Collaborative 
Group meta-analyses [28] reported that RNI reduced recur-
rence and breast cancer mortality. The Danish Breast Cancer 
Cooperative Group [29] demonstrated that IMLN irradiation 
increased overall survival. On the other hand, Société Fran-
caise de Radiation Oncologique [30] showed that IMLN irra-
diation did not improve 10-year overall survival. The NCCN 
panel [10] recommended PMRT in patients with 4 or more 
positive ALNs, and the strong consideration of PMRT for 
patients with 1–3 positive ALNs. The American Society of 
Clinical Oncology panel [6] recommended treatment generally 
to both IMLN and the supraclavicular–axillary apical nodes 
in addition to the chest wall or reconstructed breast. Thus, 

PMRT plus RNI including IMLN is recommended. Due to 
cardiac and pulmonary toxicities, IMLN irradiation needs to 
be selected in consideration of the risk to the patient.

In cases of internal mammary node recurrence, the NCCN 
panel [10] recommended using radiation therapy if possible 
and the consideration of systemic therapy. The decision to treat 
locoregional recurrence must consider any prior radiation to 
the area and the risk of late normal tissue toxicity from the sum 
of the prior and planned radiation courses. CT-based treat-
ment planning is encouraged to delineate target volumes and 
adjacent organ risks, particularly the heart and lung (Fig. 14c) 
[10]. Concurrent IMLN irradiation and anthracyclines, used 
increasingly in the systemic adjuvant treatment of breast can-
cer, may interact unfavorably on the heart and counterbal-
ance any beneficial effect of IMLN irradiation, particularly in 
patients with left-sided breast cancer [31]. The cardiotoxicity 
of concurrent IMLN irradiation and trastuzumab currently 
remains unknown [32].

Fig. 14  Three years after mastectomy for triple negative breast can-
cer following systematic therapy, a clinician detected swelling of the 
parasternal area. Enhanced CT (a) and MR (not shown) images show 
adenopathy of IMLN with invasion to the costal cartilage. b CT-

guided needle biopsy (arrowheads denote needle) confirmed recurrent 
involvement. c Axial dose distribution for left IMLN recurrence in a 
patient with breast cancer
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Conclusions

IMLN are in the intercostal spaces around the internal 
mammary vessels. The existence of IMLN metastasis 
upgrades the N factor. IMLN metastasis is clinically diag-
nosed on US, CT, MR, and PET–CT. Radiologists need to 
be familiar with the clinical image findings of IMLN for 
appropriate and efficient management.
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