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A 74 year old Japanese woman was diagnosed with invasive breast carcinoma. Her axillary lymph node was
slightly swollen and had a short-axis diameter of 8 mm, but fine-needle aspiration did not lead to the diagnosis of
metastasis. Subsequent 18F-fluorodeoxyglucose positron emission tomography/computed tomography showed
no abnormal accumulation on the lymph node. Ultrafast dynamic magnetic resonance imaging yielded a very fast
contrast enhancement like that of the primary lesion based on which we suspected lymph node metastasis. To our
knowledge, this is the first report that shows that ultrafast imaging has contributed to the diagnosis of axillary

1. Introduction

The lymph node status is one of the most important prognostic fac-
tors in breast cancer and is used to guide locoregional and systemic
treatment decisions [1]. If the node metastases are diagnosed preoper-
atively, neoadjuvant chemotherapy is considered as a treatment option
and sentinel lymph node biopsy (SLNB) can be omitted. However, for
the definitive detection of axillary lymph node (ALN) metastases, there
is currently no other modality than SLNB [2]. Thus, various imaging
techniques have been reported in the effort to improve the diagnostic
accuracy.

Ultrafast dynamic magnetic resonance imaging (MRI) is a novel
dynamic contrast-enhanced MRI (DCE-MRI) approach. High-
spatiotemporal resolution can be achieved with acceleration tech-
niques, such as parallel imaging, view-sharing, or compresses sensing
[3-6]. With this technique, kinetic information in the very early phase of

contrast enhancement—that is particularly useful for breast cancer
diagnosis—has been acquired. It is commonly accepted that ultrafast
imaging is useful in the diagnosis of breast cancer itself, but its contri-
bution to lymph node metastases is still unknown. Herein, we report a
case in which ultrafast imaging was useful for the diagnosis of ALN
metastases. To the best of our knowledge, this is the first report wherein
ultrafast imaging has contributed to the diagnosis of ALN metastases.

2. Case presentation

Our medical ethics committee approved this retrospective study and
waived the requirement for written informed consent. A 74 year old
Japanese woman with a palpable mass on her left breast was referred to
our hospital. Mammography showed an irregular, indistinct, partially
spiculated mass without calcification (Fig. 1). The ultrasonogram
showed an irregular hypoechoic mass in the 10 o’clock position of the
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SUVmax, maximum standardized uptake value; TIWIFS, T1-weighted fat-suppressed; VIBRANT, volume imaged breast assessment; FOV, field-of-view; CNB, core
needle biopsy.
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Fig. 1. Mammography of the left breast.
Mammography shows an irregular, indistinct, partially spiculated mass with a diameter of 29 mm at the (a) upper-middle mediolateral oblique view, and at (b)
middle-medial craniocaudal view. No calcification is detected.
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Fig. 2. Ultrasonography of the left breast.

Ultrasonography shows an irregular hypoechoic mass with indistinct margin
and posterior shadowing at the 10 o’clock position of the left breast. Its size is
26 x 14 x 16 mm.

left breast (Fig. 2). In the left axilla, there was an 18 x 8 mm node with
an eccentric cortical thickening at level I (Fig. 3).

The patient had undergone ultrasonogram-guided, 12G, vacuum
assisted breast biopsy (VAB) and fine-needle aspiration (FNA) of the left
ALN at level 1. Breast biopsy revealed the luminal type of invasive car-
cinoma, and FNA cytology showed suspicious cells with abnormal fea-
tures (Class III). 18F-fluorodeoxyglucose positron emission
tomography/computed tomography ([F-18]FDG PET/CT) yielded a
minor uptake in the left breast mass [maximum standardized uptake
value (SUVmax) = 1.7]. Owing to the equivocal uptake of the left ALN at
level I after FNA (SUVmax = 1.4), we could not conclude whether the
test was positive for metastasis (Fig. 4).

Subsequently, DCE-MRI was performed to determine a surgical plan
with a 3.0 T MRI (Signa Pioneer, General Electric Medical Systems,
Milwaukee, WI, USA). The patients were scanned in the prone position
using a 16-channel phased-array bilateral breast coil (NeoCoil 3.0 T 16-
channel breast coil, General Electric Medical Systems, Milwaukee, WI,
USA). High-resolution, three-dimensional longitudinal relaxation T1-
weighted fat-suppressed (T1WIFS) gradient-echo sequence with vol-
ume imaged breast assessment (VIBRANT) acquisitions were conducted
before and after the injection of gadobutrol (Gadovist, Bayer Healthcare,

Fig. 3. Ultrasonography of the left axillary lymph node.
Ultrasonography showed a lymph node with an eccentric cortical thickening at
the left levellof the axilla.
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Berlin, Germany) at a dose of 0.1 mM/kg and a rate of 1.0 ml/s followed
by a 30 ml saline flush at a rate of 1.0 ml/s. Immediately after the
acquisition of precontrast TIWIFS, a series of 17 ultrafast acquisitions
were interleaved before the first postcontrast phase of conventional
DCE-MRI. The injection of contrast agent began simultaneously with the
onset of ultrafast imaging. Differential subsampling with the Cartesian
ordering technique—the combination of VIBRANT sequence and view
sharing method—was used for the ultrafast acquisition (gradient echo,
field-of-view (FOV): 360 mm, slice thickness: 4 mm, matrix: 360 x 340
mm, repetition time/echo time: 3.7/1.3 ms, flip angle: 10°, slice thick-
ness: 4.0 mm, spacing: 2.0 mm, and a temporal resolution of 5.2 s per
frame, 17 frames). The dynamic sequences were preceded by a T1-
weighted sequence and a diffusion-weighted series, and were followed
by a T2-weighted sequence as part of our clinical routine protocol. MRI
showed an irregular breast mass with a fast initial enhancement sur-
rounded by small masses and a clumped enhancement in the upper inner
quadrant of the left breast. This primary tumor was enhanced from the
8th phase of the ultrafast series. We also detected an enhancing ipsi-
lateral ALN with cortical thickening at level L. It was enhanced from the
7th phase of the ultrafast series at a much earlier stage than other lymph
nodes on the ipsilateral and the contralateral axilla (Fig. 5a and b). These
findings increased the suspicion of ALN metastasis. A 16G core needle
biopsy (CNB) by ultrasonography revealed ALN metastasis.

The patient underwent three-week hormonal therapy and subse-
quent left mastectomy and left axillary nodal dissection. A breast spec-
imen revealed invasive lobular carcinoma with scattered lobular
carcinoma in situ (Fig. 6a). The patient had 16 of the 28 ALN metastases
with the extranodal invasion at levels I and II (Fig. 6b). Of the metastatic
lymph nodes, the largest has a size of 14 x 8 mm.

3. Discussion

In this study we reported a case in which ultrafast dynamic MRI was
useful for the diagnosis of ALN metastasis. The ALN exhibited cortical
thickening on ultrasonogram, but accumulation on [F-18]FDG PET/CT
was equivocal and difficult to diagnose. The CNB was added based on
the findings of the ultrafast dynamic MRI and the diagnosis of the ALN
metastasis was reached preoperatively.

In clinical, node-negative patients with a stage T1 or T2 breast
cancer, SLNB is now the standard staging procedure. However, it has
been reported that SLNB has a false-negative rate in the range of 0-29 %
[71, and it requires many medical resources and complicated procedures
[8]. In addition, ultrasonography-guided FNA is also associated with
false negatives, and a meta-analysis reported their sensitivity and
specificity to be 70-78 % and 100 %, respectively [9]. There is a need for
accurate diagnostic imaging that would allow the use of techniques
other than SNLB.

Although mammography and ultrasonography have conventionally
been used to diagnose lymph node metastases, the accuracy is not so
high. Walsh et al. reported that the sensitivity and specificity of detec-
tion of malignant ALN on mammography were 31 % and 97 %,
respectively, when a length greater than 33 mm was used as a predictor
of malignancy [10]. Hwang et al. reported that the sensitivity and
specificity on ultrasonogram for T1 breast cancer were 88.7 % and 44.6
%, respectively, when the following characteristics were used as pre-
dictors of malignancy: cortical thickening or eccentric cortical lobula-
tion with obliteration of the echogenic hilum, irregular shape, loss of
fatty hilum, or round shape [2].

[F-18]FDG PET/CT is capable to perform functional evaluations
based on glucose metabolism in addition to morphology, and is useful
for assessing regional lymph node status and identifying distant metas-
tases. However, despite its high specificity, its sensitivity for the detec-
tion of ALN metastasis is relatively poor, especially in small lesion cases
because of spatial resolution limits. Robertson et al. reported that [F-18]
FDG PET/CT has a sensitivity of 60 % and a specificity of 97 % in
detecting lymphatic metastases [11]. In addition, a smaller
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accumulation has been documented in cases of invasive lobular carci-
noma compared with invasive ductal carcinoma. The same effects are
expected for ALN [12].

Breast MRI is extensively used for diagnosis, evaluation of multi-
plicity, and extent of tumors in the breast, monitoring the response of
chemotherapy, and screening of women with high breast cancer risk.
Ultrafast dynamic MRI is a very high-spatiotemporal resolution protocol
executed in the early postcontrast period that enables the acquisition of
the early inflow of contrast in lesions that are diagnostically important.
Several reports have demonstrated that the kinetic assessment of ultra-
fast imaging has comparable or higher diagnostic ability than that of
standard imaging in the benign/malignant diagnosis of breast lesions
[3-6]. Conversely, there are no prior reports that evaluated the diag-
nostic ability for ALN metastases on ultrafast dynamic MRI.

In our case, we suspected ALN metastasis based on its slight cortical
thickening on ultrasonogram but FNA failed to diagnose. The accumu-
lation of the ALN on [F-18]FDG PET/CT was equivocal probably because
its glucose metabolic rate was not so high. On ultrafast dynamic MRI,
ALN showed very fast inflow similar to that of the primary lesion that led
us to the suspicion of metastasis. We have shown that ultrafast dynamic
MRI may be useful for the evaluation of primary breast lesions and for
the diagnosis of ALN metastases. However, ultrafast dynamic MRI was
superior to [F-18]FDG PET/CT in our case, but all other axillary lymph
node metastases could not be detected. Micrometastases or ALNs outside
the FOV may be difficult to detect. Further studies with more cases are
required.
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Fig. 4. Whole body 18F-fluorodeoxy-
glucose positron emission tomography/

computed tomography ([F-18]FDG
PET/CT).
(a) Minimum-intensity = projection,

whole-body PET image. (b) Cross-
section of the primary lesion, PET/CT.
(c) Cross-section of the axillary lymph
node, PET/CT. [F-18]FDG accumulation
was slight in both primary lesion and
axillary lymph node metastases
(maximum standardized uptake values
of 1.7 and 1.4, respectively, see arrows).

4. Conclusions

We presented a case in which ultrafast dynamic MRI was useful for
diagnosing ALN metastasis. Use of the technique provided evidence for
possible ALN metastasis based on the very early enhancement that was
similar to the primary breast lesions. Ultrafast dynamic MRI may be
useful for the evaluation of primary breast lesions and for the diagnosis
of ALN metastasis.
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Fig. 5. Ultrafast dynamic MRI.

(a) Minimum-intensity projection (MIP), fat-suppressed T1-weighted image (FST1WI), precontrast, 1st, 3rd, 5th, 7th (upper row, from left to right), 9th, 11th, 13th,
15th, 17th (lower row, from left to right) phase of ultrafast dynamic series.

Breast lesion begins to be enhanced from the 8th phase of the ultrafast dynamics study (arrow) and the left axial lymph node begins from the 7th phase (arrowhead).
Ultrafast dynamic MRI does not show other ipsilateral and contralateral axillary lymph nodes.

(b) Time-intensity curves of aorta (1), breast lesion (2), metastatic left axillary lymph node (3), and normal lymph node of the right axilla (4) based on the ultrafast
dynamic series.

The left metastatic lymph node enhanced much earlier than a normal lymph node.
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Fig. 6. Histopathology of the left breast cancer and the axillary lymph node.
(a) Shows an invasive lobular carcinoma of the breast (hematoxylin-eosin stain, loupe).
(b) Shows axillary lymph node metastasis (hematoxylin-eosin stain, original magnification, x10). The tumor cells show the same morphologic features as the primary
lesion (arrows). An extranodal extension is observed (arrowheads).
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