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Abstract

Background: Breast cancer in women represents a major
public health problem being the most common cancer among
women in both developed and developing countries, it accounts
for 22.9% of all new female cancers. In Egypt breast cancer
accounts for 37.7% of the total new cancer cases. Contrast
Enhanced Spectral Mammography (CESM) is an emerging
advanced technique that depict breast tumor angiogenesis.
CESM as an adjunct to Mammography (MG) with or without
Ultrasound (US) has higher diagnostic accuracy compared to
MG with or without US.

Aimof Work: To evaluate the diagnostic accuracy of
contrast enhanced spectral digital mammography versus the
digital mammography in assessment of indeterminate breast
lesionsin patients after breast conservation surgery.

Patients and Methods: 20 female patients under follow-
up after breast conservative surgery presenting with indeter-
minate/suspicious breast lesion on mammography had been
evaluated by dual-energy contrast enhanced spectral mam-
mography. The age ranged from 40 to 65 years (mean=50.3).
Results of histo-pathological examinations of surgical or
biopsy specimens were obtained and served as the gold
standard.

Results: The surgical and pathological results of our
patients revealed 6/20 (30.0%) benign lesions and 14/20
(70.0%) malignant lesions. CESM had a sensitivity of 85.7%,
a specificity of 71.4%, a positive predictive value of 92.3%,
a negative predictive value of 71.4% compared to digital
mammography results which were 71.4%, 71.4%, 90.9% and
55.6% respectively.

Conclusion: CESM is apromising tool for increasing the
sensitivity and the diagnostic accuracy of conventional mam-
mography in follow-up of patients with breast conservative
surgery.
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Introduction

BREAST cancer in women represents a major
public health problem being the most common
cancer among women in both developed and de-
veloping countries, it accounts for 22.9% of all
new female cancers. In Egypt breast cancer ac-
counts for 37.7% of the total new cancer cases [1].

Patients with early breast cancer are readily
treated nowadays by Breast Conservation Surgery
(BCS) while mastectomy is mandatory in about
20% of patients with multicentric lesions, diffuse
DCIS, large or recurrent cancers [2].

Digital mammography is readily used for de-
tecting breast cancer. However, it hasits limitations
specially in patients with dense breast as about
50% of malignant masses can be. The tumor and
the surrounding breast tissue has similar density
thus reducing the mammographic sensitivity and
specificity, in addition to summation of tissues that
can obscure underlying masses [3].

The main factor of tumor growth is the neo-
angiogenesis, so different imaging modalities using
intravenous contrast medium help in detection of
such lesions [4] . Higher intra-tumoral shunting is
statistically correlated with a greater incidence of
metastases [4] .

Techniques using iodine contrast agents have
been performed to improve the visualization of
malignant breast lesions like contrast enhanced
breast CT and contrast enhanced MRI [5].

Contrast Enhanced Spectral Mammography
(CESM) is an emerging advanced technique that
depict breast tumor angiogenesis. CESM as an
adjunct to Mammography (MG) with or without
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Ultrasound (US) has higher diagnostic accuracy
compared to MG with or without US [3,6].

Patients and M ethods

This study was prospectively carried on 20
femal e patients under follow-up after breast con-
servative surgery. The study was carried out from
December 2014 to January 2016 at new Kasr El-
Aini Teaching Hospital. Patients were referred
from the outpatient clinics of the surgery and
Radiotherapy Departments. The study was ap-
proved by the Ethics Committee and the Institu-
tional Review Board. This study included 20 female
patients presented with indeterminate breast lesions
(BIRASD 3 and 4) on digital mammography after
breast conservative surgery. The age ranged from
40 to 65 years (mean=50.3).

Exclusion criteria:
* Patients with no past history of breast surgery.

« Patients who have contraindications to radiation
exposure (pregnant females, etc...).

 Contraindication to IV contrast mediainjection,
such as:

- Allergic patients or those known to have history
of complications from contrast media such as
anaphylactic reaction.

- Patients with renal impairment.

20 lesions were detected by digital Mammog-
raphy (MG). 9 of them were assigned BIRADS 3
(probably benign) and 11 lesions were assigned
BIRADS 4 (suspicious).

All patients were submitted to a) clinical history:
Full history taking including clinical presentation
(complaint), age, family and past medical history,
b) Bilateral digital mammography and CSEM and
c) Pathologic diagnosis: Samples of breast lesions
attained by core biopsy, surgical excision or radical
surgery were evaluated and analyzed.

Technique:

The conventional and contrast enhanced mam-
mography studies were performed using General
Electric Sonograph 2000D full-field digital mam-
mography system.

The arm contralateral to the breast of concern
was chosen for the intravenous line. 1 .5mL/kg
body weight of non-ionic contrast medium (Iohexol
(Omnipague) 300; GE healthcare, USA) was given
using a power injector at arate of 4mL/s.

Image acquisition:

During single breast compression, the dual-
energy CESM was performed after 2min from the
starting the contrast injection by acquiring low-
and high-energy imagesin the ML O view followed
by CC view after 4min. The subtracted images
(MLO and CC views) are generated using specific
software processing. The whole study is conducted
takes approximately 7-10 minutes.

Patient are exposed to total radiation dose
slightly higher than that of standard digital mam-
mogram (about 1 .2 times) depending on breast
thickness and tissue composition.

Image analysis:

The digital mammographic images were ana-
lyzed for the suspicious lesions in terms of site,
size, margin, shape and density as well as calcifi-
cation, architecture distortion and focal or global
asymmetry.

CESM was assessed for the presence or absence
of enhancement. Pattern of enhancement varies
from mass enhancement either homogenous or
heterogenous and non-mass enhancement.

Comparison with histopathol ogical examinations:

Lesions were hiopsied under US guidance using
fine needle aspiration, true cut needle biopsy (via
14-18-gauge needles) or referred for surgical exci-
sion. Results of histopathological examinations of
surgical or biopsy specimens were obtained and
served as areference.

Satistical analysis:

Accuracy was represented using the terms sen-
sitivity, specificity, positive predictive value and
negative predictive value.

Results

The study included 20 patients who had under-
gone conservetive breast surgery and on follow-
up presented with indeterminate breast lesions
BIRADS 3 or 4.

Out of the 20 lesions, operative bed lesions
were 17/20 (85.0%). One patient showed newly
developed ipsilateral lesion 1/20 (5.0%). Two
contralateral breast lesions were identified in 2/20
patients (10.0%).

Among the 20 lesions, the final histopathol ogy
diagnosis was 6/20 benign and 14/20 were malig-
nant.
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MG and CESM were done for all the twenty
patients.

Out of the twenty patients, according to mam-
mographic findings 9/20 (45.0%) patients were
assigned BIRADS 3 (benign), where 11/20
(55.00%0) patients were assigned BIRADS 4 (sus-
picious).

According to the histopathology, out of the 9
lesions; 5/9 was found out to be true negative &
4/9 was found out to be false negative.

Among the 11 lesions, 10/11 patients were
proved to be true positive and one was found out
to be false positive.

The MG findings encountered in these patients
areshown in Table (1).

All the patients had done CESM.

Of al the twenty patients, according the CSEM
findings, 7/20 (35.0%) lesions were assigned benign
(BIRADS 3) with no contrast uptake and 13/20
(65.0%) lesions were assigned malignant (BIRADS
4) showing enhancing lesions. Pattern of enhance-
ment in CESM is described in Table (2).

According to the histopathology, 5/7 lesions
were true negative and two were false negative.
The two false negative cases were infiltrating ductal
carcinoma with no contrast uptake.

Among the 13 lesions; 12/13 were true positive
and one was false positive.

2013

The compared diagnostic indices of MG and
CESM emphasizing the added value of CESM are
illustrated in Table (3).

The contrast enhanced spectral mammography
showed higher sensitivity, positive and negative
predicative values compared to the mammography.

Selected cases were demonstrated in Figs.
(1-4).

Table (1): Mammography findings among studied lesions.

MG findings No. of lesions
Masses 9
Focal asymmetry and architectural distortion 5
global asymmetry and edema 3
Micro calcifications 3

Table (2): Pattern of enhancement in CESM.

Pattern of enhancement in CESM No of lesions
Homogenous enhancing lesions 3
Heterogeneous enhancing lesions 4
Non-mass enhancement 3
Ring enhancing lesions 3

Table (3): Diagnostic indices of MG and CESM.

MG CESM
Sensitivity 71.4% 85.7%
Specificity 71.4% 71.4%
Positive predictive value 90.9% 92.3%
Negative predictive value 55.6% 71.4%

Fig. (1): 55 years old female patient who underwent |eft BCS coming for her regular annual checkup. Digital mammography
of both breastsin MLO (A,B) Views reveaed left UOQ focal asymmetry and with extensive pleomorphic
malignant calcification. BIRADS 4. CESM (C,D) Revealed left breast non-mass enhancement. BIRADS 4. Final

diagnosis is IDC.
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(A) (B) (© (D)

Fig. (2): 60 years old female patient with right breast conservation surgery. Digital mammography of both breastsin MLO (A,B)
Views revealed right breast operative bed spiculated mass and pathological axillary lymph nodes. BIRADS 4. CESM
of both breasts (C,D) Revealed right breast operative markedly enhancing spiculated mass and enhancing axillary
lymph node. BIRADS 4c. Fina diagnosis: IDC.

A) (B) (©) (D)

Fig. (3): 52 years old female patient, had underwent left BCS. She presented with palpable lesion at scar. Digital mammography
of left breast CC (A) and MLO (B) Views revealed mild architectural distortion. BIRADS 3. CESM of left breast (C,D)
Revealed no contrast uptake, BIRADS 3. Final diagnosis: Operative bed fat necrosis.
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Fig. (4): 34 years old female patient, had underwent right BCS presenting with |eft palpable lesion and nipple discharge. Digital
mammography of left breast MLO (A) View revealed clustered segmental pleomorphic micro calcification. BIRADS
4. CESM of left breast (B,C) Revealed segmental hon-mass enhancement, BIRADS 4. Final diagnosisis DCIS.

Discussion

Women with past history of breast cancer are
at increased risk for devel oping local recurrences,
asecond breast cancer in same side, or contral ateral
breast cancer. Breast conservative surgery isthe
treatment of choice for early stages. Many studies
showed no significant difference in survival rates
between those treated with breast conservative
surgery and those treated with mastectomy [7].

About 5% of patients experience loco-regional
recurrences. Suspicious findings in the early post-
operative period, are more likely to represent
residual disease. While recurrence occurs years
after operation. Early detection of local recurrence
is essential to improve long-term survival [8]. Post-
operative architectural distortion and increased
breast density at the lumpectomy site in addition
to post-trestment edema contribute to the impaired
accurate detection of recurrence at FFDM and US
(8.

Imaging techniques using contrast medium are
able to detect breast cancer more owing to the
tumor angiogenesis which leads to |esions enhance-
ment [9].

Contrast Enhanced Spectral Mammography
(CESM) is used recently as an advanced technique
for detection of the tumors neoangiogenesis [34].

Previous studies results suggested that CESM
is superior in evaluation of lesion size, assessment

of full extent of lesion and detection of other lesions
(multifocal and multicentric lesions) not readily
seen by MG alone or combined with US [6,10].

Different studies on CESM in the past few
years has shown CESM to have better diagnostic
accuracy versus conventional mammography aone
(3.

Dromain et a., [11] conducted a study on 20
patients with malignant lesions, where temporal
CESM had the potential to detect tumor angiogen-
esis with contrast enhancement depicted in 80%
of thelesions.

Diekmann et al., [12] results showed improve-
ment in the sensitivity and specificity of conven-
tional mammography alone versus temporal CESM
and mammography.

Fallenberg et al., [10] hypothesized that CESM
is more accurate in lesion detection and size as-
sessment than MG with theincrease in lesion
detection using CESM was 17.5% compared to
MG.

This study was prospectively carried on 20
femal e patients with breast conservation surgery
presenting with indeterminate findingsin MG. All
patients performed mammography and CESM.

According to the final histopathology diagnosis;
patients were classified into two groups; the benign
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lesions group 6/20 (30.0%) and the malignant
lesions group 14/20 (70.0%).

As regards the mammographic findings; 9/20
(45.0%) lesions were assigned (BIRADS 3) and
11/20 (55.0%) lesions were assigned suspicious
(BIRADS 4).

Upon correl ating the mammography findings
to the final diagnoses; 10 lesions were true posi-
tives, one lesion was false positive, 4 lesions were
false negatives and 5 lesions were true negatives.

The false positive case was due to the architec-
tural distortion and increased breast density at the
lumpectomy site as well as post-treatment edema.
Four cases were false negative, they were small
de novo lesions masked by dense breast tissue.
They were non-visualized by MG and missed at
operator dependent US.

Regarding the mammographic findings; it had
asensitivity of 71.4%, a specificity of 71.4%, a
positive predictive value of 90.9%, a negative
predictive value of 55.6%.

These results are in concordance with study
done by Yalcinkayaet al., [13] who concluded false
negative mammography results in patients with
breast conservative surgery and radiotherapy are
high due to the parenchymal distortion and edema.

Asregards the CESM findings; 13/20 (65%)
lesions showed contrast uptake and were assigned
BIRADS 4 where 7/20 (35%) lesions showed no
contrast uptake and were assigned BIRADS 3.

Upon correlating the CESM findings to the
final diagnoses; 12 lesions were true positives, one
lesion was false positive, 5 lesions were true neg-
atives and 2 lesions were fal se negatives.

Based on the CESM findings; it had a sensitivity
of 85.7%, a specificity of 71.4%, a positive predic-
tive value of 92.3%, a negative predictive value
of 71.4%.

The only false positive case was misdiagnosed
due to increased vascularity in some non-malignant
post-operative sequel ae.

Our two false negative cases were misdiagnosed
due to non-apparent contrast uptake by the malig-
nant lesions. Thisisin concordance with Roberta
et a., [14] who revealed in their initial clinical
experience that 8/10 malignant lesions showed
enhancement at CESM. In one case of ductal car-
cinomain situ and one case of invasive ductal
carcinoma, enhancement was not observed.

Our results are in agreement with those of Hela
etal., [3], Sarayaet al., [4 and Dromain et al., [6]
aswell as Mokhtar and Mahmoud [9] and Lobbes
et a., [1a who found that CESM as an adjunct to
sono-mammaography is superior in terms of diag-
nostic accuracy compared to sono-mammo-graphy
alone.

Kamal et a., [16] showed that malignant breast
lesions enhancement was significant with an overall
sensitivity and specificity being 88.99% and
83.33% respectively.

According to the results of our study; contrast-
enhanced spectral mammography has more diag-
nostic accuracy compared to the MG specially in
postoperative patients owing to the parenchymal
distortion and breast edema encountered.

Conclusion:

Contrast-enhanced spectral mammography is
recommended as an adjunct to digital mammogra-
phy for assessment of indeterminate breast lesions
in patients with breast conservation surgery.
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