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Abstract: Objective: To compare the accuracy of Contrast-Enhanced Mammography (CEM),
Mammography (MG), and Breast Ultrasound (US) in estimating the size of breast lesions requiring
surgical intervention. The post-operative histological size of the lesion was used as the gold standard.
Additionally, the impact of Additional Lesions (AL) on surgical planning (mastectomy vs.
conservative surgery) was evaluated. Materials and Methods: The analysis included 267 non-benign
lesions in 205 patients. All selected patients underwent both conventional imaging examinations (US
and MG) and CEM. Subsequently, all patients were scheduled for surgery following a biopsy
examination. The maximum lesion diameter on imaging was measured by two experienced
radiologists and then compared with the lesion size in the histological specimen obtained in the
outpatient clinic. Results: Among the 267 breast lesions, 196 were evaluated using US, 196 with MG,
and 267 with CEM. No statistically significant differences were found between lesion measurements
obtained with CEM and those from the surgical specimen (p-value 0.07), whereas a significant
difference was observed for MG and US (p < 0.001). In 28 out of 205 patients, 35 ALs were diagnosed.
In 15 patients, the presence of ALs did not alter surgical planning; in the remaining 13 patients, 6 had
one or more contralateral ALs, and in the other 7 patients, the ALs were in the ipsilateral breast. The
impact of ALs on surgical outcomes was assessed. Conclusion: CEM is a reliable method for
estimating breast lesion size, and the detection of ALs does not increase the number of mastectomies
but rather aids in defining the appropriate surgical approach.

Keywords: breast cancer; contrast-enhanced mammography (CEM); mammography (MG); breast
ultrasound (US); additional lesions (AL); preoperative staging; tumor size assessment; breast surgery
planning

1. Introduction

Breast cancer remains one of the leading causes of death among women, despite significant
advancements in breast imaging in recent years. In 2020, approximately 2.3 million cases of breast
cancer and 685,000 deaths were recorded worldwide [1].

Given the high incidence of this disease, it is essential to ensure effective diagnostic procedures
that allow for early diagnosis and optimal treatment planning. Tumor size is a crucial parameter in
both prognosis and surgical treatment.

Today, whenever possible, conservative surgical approaches are increasingly preferred over
mastectomy due to their numerous advantages, including better aesthetic outcomes [2,3]. Therefore,
an accurate diagnostic estimation of breast lesion size is fundamental for guiding patients toward the
most appropriate therapeutic approach.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Breast MRI is known to be more accurate than first-line imaging techniques such as MG [4,5]
and US [6,7] in assessing lesion size, particularly in large breasts with a high fibroglandular
component and in evaluating lobular carcinomas [8].

However, breast MRI has several limitations, including limited availability of equipment,
resulting in long waiting lists, high costs, lengthy examination times, dependence on the menstrual
cycle, and absolute contraindications such as the presence of metallic implants, as well as relative
contraindications like claustrophobia [9].

In recent years, Contrast-Enhanced Mammography (CEM) has emerged as an innovative breast
imaging technique that involves contrast-enhanced mammography. CEM is based on the acquisition
of both a low-energy (LE) and a high-energy (HE) image using a full-field digital mammography
system in a dual-energy technique after intravenous administration of contrast medium [10].

A subsequent spectral subtraction process generates a composite mammographic image,
highlighting areas of tumor neovascularization (angiogenesis), similar to MRI [11].

By leveraging this characteristicc CEM could serve as a valid and reliable alternative for the
accurate estimation of breast lesion size, as well as a valuable tool for surgical planning, while
avoiding the typical limitations of MRI [9,12].

Therefore, the aim of this study is to compare the accuracy of CEM in estimating the dimensions
of breast lesions scheduled for surgical intervention, using post-surgical histological examination as
the gold standard, and to assess its effectiveness in comparison to first-line imaging methods such as
MG and US. Furthermore, the study evaluates the impact of Additional Lesions (AL), which were
missed by first-line breast imaging but detected by CEM, on surgical decision-making (mastectomy
vs. conservative surgery).

2. Materials and Methods

This prospective, monocentric study was conducted at the Interventional Senology Unit (UOSD)
of the P.O. “A. Perrino’ Hospital in Brindisi.

From May 2022 to June 2023, 314 patients (mean age: 56 years) underwent first-line diagnostic
imaging (US and/or MG) in a clinical or screening setting, leading to a histologically confirmed
diagnosis of breast cancer through ultrasound- or stereotactic-guided biopsy (Table 1). These patients
subsequently underwent Contrast-Enhanced Mammography (CEM) for preoperative staging.

Table 1. Origin of patients enrolled in the study.

ENROLLED PATIENTS Age (mean) SD+/-
EXTERNAL (182 pts) 56.55 12.24
SCREENING (23 pts) 58.35 5.61

TOTAL 205 56.76 11.69

All patients provided informed consent for the radiological examination and the intravenous
administration of iodinated contrast medium. Figure 1 presents the flowchart of the patient
enrollment process.
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314 patients with
suspected breast lesion Patients in neoadjuvant CT: 18
(BIRADS > 3)
Patients operated in another
center: 82
Excluded paticnts: 109 False negative CEM: 1
Uninterpretable CEM: 1
205 patients enrolled with 272
suspected breast lesions
(BIRADS = 3) Index lesion out of FOW: 1
Excluded 5 lesions with benign
histological result
205 patients enrolled with 267
suspected breast lesions

{BIRADS > 3)
Figure 1. Decision flowchart for the enrollment of patients eligible for the study.
Exclusion Criteria
The following patients were excluded from the study:
i Patients undergoing systemic therapy (Neoadjuvant Chemotherapy)
o Patients previously operated on in another center
U Cases in which the index lesion was outside the field of view of CEM
o Cases of false-negative lack of contrast enhancement of the index lesion
i Cases where CEM evaluation was not possible due to significant Background Parenchymal
Enhancement (BPE)

Thus, 205 patients with 267 suspicious or indeterminate breast lesions (B3, B4, and B5) were
included in the study.
Two experienced radiologists measured the maximum lesion size using different imaging
modalities (US, MG, and CEM) and compared these measurements with the histological size of the
lesion on the final surgical specimen (Gold Standard) (Figure 1).
Additionally, the lesions were classified according to:

. BI-RADS classification
. Breast density
o Post-contrast enhancement characteristics

Histological evaluation of the surgical specimen was conducted by two pathologists, each with 10
years of experience in breast pathology.

Examination Protocol

In all patients, a 20G peripheral venous access was placed and connected to a dual-syringe injector
(contrast medium and saline solution). The contrast medium used was Iohexol 350 mg I/ml
(Omnipaque®, GE Healthcare), administered at a dose of 1.5 ml per kg of body weight at an
infusion rate of 3 ml/sec.

Each examination began with the injection of contrast medium, immediately followed by the
administration of 20 ml of saline solution. Two minutes after the start of the contrast infusion, full-
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field digital mammography (Senographe Pristina with Seno Bright software, General Electric
Healthcare®) was performed.
The image acquisition protocol included:

1.  Compression of the healthy breast in the craniocaudal (CC) view, followed by acquisition of a
low-energy (LE, 26-31 keV) and a high-energy (HE, 4549 keV) image.

2. Compression of the affected breast in the CC view, with acquisition of LE and HE images.

3. Compression of the affected breast in the mediolateral oblique (MLO) view, with acquisition
of LE and HE images.

4. Compression of the healthy breast in the MLO view, with acquisition of LE and HE images.

5. Compression of the affected breast in the mediolateral (ML) view, with acquisition of LE and
HE images.

6.  Compression of the healthy breast in the ML view, with acquisition of LE and HE images.

For each patient, a specific recombination algorithm was applied to subtract the LE and HE
images, generating a single "subtracted" image for each projection.

No adverse effects were reported during the examinations.

Exposure parameters were adjusted based on breast size and glandular density, following a
predefined value table. The images were analyzed using a high-resolution workstation (Barco,
Belgium).

Statistical Analysis

o Continuous data were reported as median and interquartile range (IQR) or as mean and
standard deviation (SD).
o Categorical data were presented as counts and percentages.

To assess the accuracy of CEM, US, and MG in estimating breast lesion size, the final histological
specimen (Gold Standard) was used as the reference.

A paired t-test was performed to evaluate differences between lesion size measurements obtained
using imaging modalities (US, MG, and CEM) and the Gold Standard.

All analyses were conducted using statistical software.

3. Results

The mean age at biopsy of the 205 patients, with a total of 267 breast lesions, was 56.7 years (SD
11.69). The most common lesion presentations were spiculated opacity (44.6%), nodules detected only
on ultrasound (16.9%), microcalcifications (16.1%), and architectural distortions (5.6%). Contrast-
Enhanced Mammography (CEM) identified 35 additional lesions (13.1%) not detected by ultrasound
or mammography (Table 2).

Table 2. Descriptive variables of breast lesions (N=267).

Variable Total (N=267) N (%)
Types of Lesion
Microcalcifications 43 (16.1%)
Opacity (MX-Eco) 119 (44.6%)

Lesion classification revealed: ® BI-RADS 3: 18 lesions (6.5%) ® BI-RADS 4: 2 lesions (0.7%) ® BI-
RADS 5: 247 lesions (92.5%)

Lesions were distributed between low (51.3%) and high (48.7%) glandular density patterns. Most
CEM-detected lesions were in tissues with minimal Background Parenchymal Enhancement (BPE)
(55.1%). The most common tumor subtype was Invasive Ductal Carcinoma (IDC, 37%) (Table 3). Of
the 267 lesions, 196 were identified using US, 196 by MG, and all 267 by CEM.
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Table 3. Histological results obtained from the surgical specimen (N=267).

Histological Result Total Lesions (N=267)
Infiltrating Ductal Carcinoma (IDC) 100 (37%)
Infiltrating Lobular Carcinoma (ILC) 12 (4%)
Infiltrating Ductal Carcinoma with in situ component (IDC- 84 (31%)

DCIS)

Infiltrating Lobular Carcinoma with in situ component (ILC- 15 (6%)

ILCIS)

Mixed Infiltrating Ductal and Lobular Carcinoma (IDC-ILC) 3 (1%)

Ductal Carcinoma in Situ (DCIS) 34 (13%)
Others 19 (7%)

Tumor size measurements: ® CEM: 15 mm (10-21 mm) ® Histological specimen: 14 mm (10-20
mm) (Table 4)

Table 4. Distribution of tumor lesion size measurements evaluated in CESM, ECO, MX, and on the Surgical

Specimen.
Lesion Size in mm N Median (Q1-Q3)
Surgery 267 14 (10-20)
Eco 196 13 (9-20)
Mx 196 12 (9-20)
CESM 267 15 (10-21)

Statistically significant differences were observed between histological size and ultrasound (2.44
mm, p < 0.001) and mammography (2.79 mm, p < 0.001) (Table 5).

Table 5. Differences between tumor size measurements obtained in ECO, MX, and CESM and the size

measurements on the Surgical Specimen (Gold Standard).

. . p-value of
Tumor Size (mm) N Median (Q1-Q3) Mean (SD) )
Differences
Surgery - ECO 196 1(0-4) 2.44 (6.13) <0.001
Surgery - Mx 196 2 (0-5) 2.79 (6.10) <0.001
Surgery - CESM 267 0 (-1-0) -0.16 (1.45) 0.07

Impact on Surgical Planning: ® 93.6% of patients (192/205) had no change in surgical planning
after CEM. e 13.7% (28/205) had 35 Additional Lesions (ALs) detected by CEM, with surgical
planning remaining unchanged in 7.3% of cases (15 patients). ® 6.4% of patients (13/205) experienced
upgraded surgical management after CEM detected ALs.

4. Discussion

This study aimed to evaluate the reliability of Contrast-Enhanced Mammography (CEM) [13,14]
compared to traditional imaging modalities (Mammography [MG] and Ultrasound [US]) in assessing
breast lesion size, as well as its impact on surgical decision-making [15]. The findings suggest that
first-line imaging techniques often fall short in accurately delineating the extent of breast lesions,
especially in patients with dense glandular breast tissue [16,17]. Similar challenges with MG and US
in dense breast tissue, where tumor visibility is compromised, have been highlighted [18,19].
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CEM has emerged as a valuable secondary imaging modality that addresses these shortcomings.
Unlike MG and US, which can sometimes miss or underestimate the size of lesions, CEM offers
superior sensitivity and a more precise assessment of tumor extent, particularly in cases where breast
MRI is not an option [20] [21,22], such as in patients with pacemakers. Additionally, CEM’s reduced
susceptibility to Background Parenchymal Enhancement (BPE) makes it less prone to false positives,
a feature that was clearly demonstrated in our study where only six lesions were false positives [23].

The diagnostic sensitivity of CEM in our study was 97%, which aligns closely with previous
findings and slightly exceeds the sensitivity of contrast-enhanced MRI in certain cases. This reinforces
the potential for CEM to provide more reliable measurements compared to MG and US (Figure 2), as
it accurately reflects lesion size and offers a stronger correlation with histopathological findings.

Figure 2. Distribution of the differences between tumor size measurements obtained with US, MX, and CESM
and the tumor size measurements on the Surgical Specimen (Gold Standard). (y-axis): Difference in tumor size

measurements (mm) (x-axis): Surgery — US/MX/CESM.

These results are consistent with studies that have confirmed CEM'’s superiority over first-line
imaging in measuring lesion size [24].

A key objective of this study was to evaluate how the detection of Additional Lesions (ALs) by
CEM influences surgical planning

The detection of ALs has significant implications for treatment decisions, particularly in
distinguishing between unilateral and bilateral lesions, as well as multifocality and multicentricity.
The impact of ALs on surgical planning was substantial, as demonstrated by the 13.7% of patients
(28/205) in whom CEM identified lesions that were missed by MG and US. For most patients (86.3%),
CEM did not alter surgical plans, confirming that its role is more focused on refining treatment
strategies rather than radically changing them.

In the subgroup of patients with ALs (6.4%, 13/205), CEM led to an upgrade in surgical planning,
particularly among those with ipsilateral ALs, where breast-conserving surgery plans were revised
to mastectomy due to the detection of additional tumor foci. This finding aligns with studies showing
that CEM demonstrated higher sensitivity than digital mammography and even when combined
with ultrasound [25,26].

The implementation of a standardized protocol for preoperative imaging across all patients was
a major strength of our study, as it allowed for a consistent approach to surgical decision-making.
This approach has facilitated better surgical management, offering more targeted interventions based
on CEM findings. CEM, therefore, plays a critical role in preoperative staging, as it provides a more
accurate picture of tumor size and lesion extent compared to MG and US.
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The results presented here also echo previous studies comparing CEM with MRI. Despite MRI
being the gold standard for breast imaging, CEM has demonstrated comparable, if not superior,
performance in certain aspects, such as lesion size estimation. CEM’s advantages over MRI,
particularly in terms of cost, comfort, and accessibility, were emphasized in prior reports [27].
Furthermore, CEM is more efficient, with shorter examination times, which translates into reduced
waiting lists and better scheduling for surgical procedures, making it an attractive alternative to MRI
in certain clinical scenarios [28].

While our study has shown promising results, several limitations must be acknowledged. The
lack of a direct comparison between CEM and MRI for lesion size assessment on histopathological
specimens is a notable limitation. Furthermore, the relatively small sample size for evaluating the
impact of ALs on surgical upgrades warrants further research to confirm these findings in larger
cohorts. Future studies should focus on long-term follow-up to assess the impact of CEM on
oncological outcomes, as well as exploring the role of CEM-guided biopsy systems, which are still
not widely available [29].

In conclusion, CEM represents a valuable imaging modality for the accurate assessment of breast
lesion size and the detection of additional lesions. It plays a crucial role in preoperative staging and
can significantly influence surgical decision-making. CEM offers substantial benefits over traditional
imaging techniques, and when considered alongside MRI, provides an effective, less invasive, and
more accessible option for improving breast cancer management [30]..

5. Conclusions

CEM demonstrated high sensitivity in loco-regional staging of patients scheduled for surgical
intervention, showing strong correlation between lesion size measurements and histological
dimensions from the final surgical specimen.

Even in our preliminary experience, CEM appears to be a promising alternative to MRI for
surgical planning in breast cancer patients.
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Abbreviations

The following abbreviations are used in this manuscript:

. CEM - Contrast-Enhanced Mammography

. MG - Mammography

. US - Breast Ultrasound

o AL - Additional Lesions

. BPE - Background Parenchymal Enhancement
. IDC - Invasive Ductal Carcinoma

J DCIS - Ductal Carcinoma In Situ

. MRI - Magnetic Resonance Imaging
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