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SUMMARY
A 50-year-old woman presented with chest tenderness.
On examination, both breasts were lumpy. Bilateral
mammography showed heterogeneously dense
parenchyma, with possible stromal distortion laterally on
the right at the 0900 position. On ultrasound (US), a
corresponding 13×9×10 mm irregular hypoechoic mass
with internal vascularity was noted and both breasts had
a complex heterogeneous fibroglandular background
pattern. US-guided core biopsy with marker clip insertion
was performed with the diagnosis of a grade 2 invasive
ductal carcinoma (IDC). In view of the parenchymal
pattern on mammography and US, contrast-enhanced
spectral mammography (CESM) was performed for local
staging. Mild background enhancement was noted, but
there was no enhancement at the lesion site. The patient
elected to have bilateral mastectomies and sentinel node
biopsies. Final histopathology showed a node negative
11 mm grade 2 oestrogen and progesterone receptor
positive, IDC.

BACKGROUND
Contrast-enhanced spectral mammography (CESM)
is a new digital imaging modality in which
dual-energy full-field digital mammography is per-
formed following IV contrast administration. This
provides high-resolution morphological informa-
tion and functional information by revealing areas
of neovascularity within the breast parenchyma.1

Studies to date show that CESM has similar sensi-
tivity to contrast-enhanced MRI (CEMRI) for the
detection of breast cancer but with higher specifi-
city.2 3 CESM is less expensive, faster and easier to
perform than MRI, and is preferred by patients.4

In a multireader study of 199 women who
underwent CESM during workup an abnormality
detected on screening mammography, Lalji et al5

noted an improvement in the diagnostic parameters
of all 10 readers. Mean sensitivity increased from
93% to 96.9% and specificity from 35.9% to
69.7%. For all readers combined, the area under
the receiver operating characteristic curve increased
from 0.645 to 0.833 (p<0.0001). With all diagnos-
tic tests however, false negatives can occur and a
negative result on one test should not be used to
overrule the presence of concerning findings on
another. This case emphasises the importance of
the ‘triple test’ (physical examination, imaging and
pathology) and the use of more than one imaging

modality in the assessment of patients with breast
symptoms.

CASE PRESENTATION
A 50-year-old perimenopausal woman with no
family history of breast cancer presented to her
family doctor with chest tenderness and on exam-
ination, both breasts were ‘lumpy’. She was not on
any medications. There was a previous history of
endometrial ablation with a Mirena intrauterine
device (IUD) currently in situ. Mammography
showed the presence of heterogeneously dense
fibroglandular tissue with possible architectural dis-
tortion at the 0900 position, 10 cm from the
nipple (figure 1A, B). On ultrasound (US), a
13×9×10 mm irregular hypoechoic mass (figure
2A) with prominent internal vascularity on colour
Doppler was seen at the lesion site (figure 2B). A
6 mm hypoechoic focus with no internal vascular-
ity on colour Doppler was also noted in the left
breast at 0300, 6 cm from the nipple, thought most
likely to represent fibrocystic change.
US-guided fine needle aspiration (FNA) of the

lesion in each breast was performed. The cyto-
logical findings on the left side were of benign apo-
crine and ductal cells consistent with fibrocystic
change, and this was considered concordant with
the imaging findings.
On the right side however, the smear was cellular

containing epithelial cells in crowded sheets and
cohesive groups. Some cells showed columnar cell
change. Many of the cells were small; however,
some variation in nuclear size and minor nuclear
irregularity was noted. There were very occasional
bare oval nuclei and small fragments of stroma.
These features were considered suspicious for
malignancy, and the patient referred for core biopsy.
A repeat US was performed in our clinic 2 weeks

later. The left breast lesion was no longer evident
and the right breast lesion appeared unchanged.
US-guided 14G core biopsy was performed, and
a marker clip inserted. The histopathology
(figure 3A) demonstrated a grade 2 invasive ductal
carcinoma (IDC). Stains for CD 31, an endothelial
cell marker (figure 3B), showed that the degree of
vascularity in the lesion was no less than expected
for a tumour of this size and grade.
In view of the difficulties associated with inter-

preting the dense parenchymal pattern on mam-
mography and US, CESM was undertaken to help
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assess the remainder of the breasts to help exclude disease else-
where. After obtaining written informed consent and confirming
presence of normal renal function, an IV cannula was inserted
and 90 mL of iohexol 350 mg iodine/mL (1.5 cc/kg) adminis-
tered using power injector at 3 cc/s with the patient seated.
Approximately 2 min later with the patient erect, bilateral cra-
niocaudal (CC) and mediolateral oblique (MLO) mammograms
were performed using dual-energy acquisition and standard
compression as outlined by Dromain et al6 (figure 3A–D).
Although the study was technically adequate, with mild bilateral
background parenchymal enhancement (BPE), no detectable

enhancement was visible at the lesion site as denoted by the
biopsy marker.

TREATMENT
After consultation with her surgeon, the patient chose to
undergo bilateral mastectomies and sentinel node biopsies.

OUTCOME AND FOLLOW-UP
The final pathology report was of an 11 mm grade 2 IDC,
oestrogen and progesterone receptor positive. Apart from

Figure 1 Contrast-enhanced spectral
mammography (CESM) images: (A,B)
low energy and (C,D) recombined
iodine-enhanced oblique and
craniocaudal (CC) views of both
breasts. The metallic marker placed at
time of ultrasound-guided core biopsy
marks the site of the grade 2 invasive
ductal carcinoma (IDC). The
low-energy images are equivalent to a
standard full-field digital mammogram.
The rectangular artefact projected over
right breast is due to overlying
dressing at site of core needle
insertion.

Figure 2 Ultrasound images: (A) there is an irregularly shaped,
hypoechoic mass with indistinct margins (B) colour Doppler shows
prominent internal vascularity (Doppler settings: 77% saturation,
487 Hz, wall filter 26 Hz, pulse repetition frequency (PRF)±2.5 cm/s).

Figure 3 Histology images: (A) There is a grade 2 invasive duct
carcinoma (H&E stain, original magnification ×100) (B) The endothelial
cells of the small vessels are highlighted by CD 31. The degree of
vascularity of the lesion is no less than expected for a tumour of this
type (original magnification ×100).
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fibrocystic changes in both breasts, there were no other abnor-
malities. The sentinel nodes in both axillae were negative.

No other treatment was required and the patient remains well
on routine clinical surveillance.

DISCUSSION
It is important to remember that all diagnostic tests including
breast imaging have a false-negative rate. For digital mammog-
raphy, this varies from 20% to 30%,7 8 and is higher for
women with dense breasts.9 Techniques that are able to show
areas of neoangiogenesis like CEMRI are reported to have sig-
nificantly lower rates: 3.2–8.4% for invasive disease, although
some have reported a rate of 9.8–65% for DCIS lesions.10 11

During CESM, a low-energy and high-energy image is
obtained for each view. Logarithmic subtraction of the high-
energy and low-energy images reveals areas of increased iodine
uptake corresponding to sites of neovascularity as shown using
CEMRI. Like CEMRI, the sensitivity of CESM for detection of
malignancy is usually unaffected by presence of dense paren-
chyma.12 13 Review of 22 published CESM studies (many with
very small numbers of patients) shows a false-negative rate of
between 0% and 20%, with a median of 4%. Lack of enhance-
ment has been reported for tumours ranging between 4mm to
26 m and for all tumour types (including invasive ductal and
lobular carcinomas, mucinous carcinoma and DCIS).12–27

While the contrast resolution of CESM is inferior to that of
CEMRI, spatial resolution is higher, as the low-energy image is
equivalent to a standard mammogram.28 29 Even where
enhancement may not be detectable, lesion morphology can be
assessed on the low-energy images, and unlike MRI, microcalci-
fications associated with DCIS may also be visible.30 31 Lack of
contrast enhancement should not be used to downgrade a lesion
with concerning morphology.

The reported causes for false-negative CESM examinations
include technical difficulties (lesions situated in the posterior or
peripheral aspects of the breast not included on the images) or
masking of tumour uptake by surrounding BPE, although the
latter appears to be less of an issue for CESM than CEMRI.18

The reason for the lack of enhancement in our case is uncer-
tain. Mild BPE was present in our case, insufficient to mask
tumour uptake but sufficient to confirm satisfactory contrast
injection. Neoangiogenesis is thought to be the basis for contrast
enhancement of breast cancers32 and aggressive tumours with a
diameter exceeding 3 mm are said to need neoangiogenesis for
further growth.33 Our patient’s lesion was a 13 mm grade 2
IDC (figure 3A). Immunohistological staining with CD 31
(figure 3B) showed no lack of tumour vessels, and prominent
intralesional blood flow was present on evaluation with colour
Doppler. Although the breast is compressed during mammog-
raphy, IV contrast is injected at least 2 min before compression
is applied, which usually gives sufficient time for contrast to
enter areas of neovascularity.

As postulated by Dromain et al,1 it is likely that the contrast
enhancement that occurs in breast cancer is related exclusively
to the number of vessels and functional parameters such as
vessel permeability, particularly when a contrast agent that
migrates into the extracellular fluid space is used. Perhaps the
blood vessels in our patient’s tumour were not abnormally
permeable.

This case study emphasises the importance of using the triple
test (physical examination, imaging and pathology) and not
relying on any one imaging modality for diagnosis, particularly
in the presence of dense fibroglandular tissue. The complemen-
tary nature of mammography, US and MRI for breast cancer

detection is illustrated in articles by Shimauchi et al11 and Ghai
et al,34 in which all non-enhancing malignant lesions on MRI
were visible with either mammography or US. In the case of our
patient, it was the presence of symptoms and dense parenchyma
on mammography that prompted further investigation with
US-guided core biopsy providing the diagnosis of breast cancer.

Learning points

▸ To avoid a ‘missed diagnosis’ of breast cancer in a
symptomatic woman, the triple test (physical examination,
breast imaging and pathology) should be applied.

▸ Breast ultrasound (US) is a valuable supplementary
examination particularly in women with dense breasts.

▸ The possibility of false-negative results exists for all breast
imaging tests.

▸ As with contrast-enhanced MRI (CEMRI), the absence of
contrast enhancement on a contrast-enhanced spectral
mammography (CESM) study does not exclude the presence
of breast cancer.

▸ Concerning features on any component of the triple test
should prompt further investigation.
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