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CEM: contrast enhancement mammography
➢ Tecnica dual-energy: a mammella compressa, 

dopo somministrazione di Mdc iodato, durante 
una stessa esposizione vengono acquisite 
immagini a:  Bassa energia (26 a 30 KVp); Alta 
energia (>30KVp)

Immagini Ricombinate

➢ Possibilità di acquisire  immagini

. Precoci (dopo 2min da MdC)

.Tardive (dopo 8min)

Analisi cinetica qualitativa di MdC

➢ Imaging Funzionale : Imaging funzionale (RM) : uptake del 
mdc iodato delle lesioni tumorali (neoangiogenesi)

2 min dopo mdc e.v. 10min dopo mdc e.v.



CEM: tecnica
✓ Consenso Informato per gli esami radiologici con mdc, previa anamnesi accurata 

ed eventuali esami ematici recenti
✓ Iniezione e.v. di mdc iodato mediante iniettori automatici
✓ Dose di contrasto : 1.5 ml/kg massimo 120 ml, seguita da soluzione fisiologica a 

2.5-3 ml/sec Jochelson, Lobbes et al; Radiology 2021

Quando si esegue?

✓ Proiezioni CC e MLO bilaterali
✓ Dopo almeno 1 mese dall’esecuzione della VABB
✓ Nessun timing particolare dopo tru-cut ecoguidato
✓ Consigliabile esecuzione tra il 7-14 giorno del ciclo funzionale (BPE in CEM varia in 

maniera meno significativa che in RM!!!!!!!)



✓ Per crescere i tumori necessitano di supporto ematico
✓ Producono sviluppandosi proteine e fattori di crescita che inducono la proliferazione vascolare.
✓ I vasi neoformati sono però di scarsa qualità: l’endotelio è danneggiato! 
✓ Il  mdc iniettato e.v. (iodato o gadolinio) fuoriesce da questi vasi imperfetti e diffonde 

nell’interstizio.



CEM e RM Concettualmente sono 

simili

IMAGING FUNZIONALE!!!!!



CEM: VANTAGGI E SVANTAGGI
✓ Elevata risoluzione spaziale

✓ Economica

✓ Rapida

✓ Più facilmente disponibile

✓ Bassa energia=mammografia (microcalcificazioni)

✓ Correlazione con LE, posizione,second-look

✓ Preferita dalle pazienti

✓ Dose radiante 

✓ MdC iodato ( reazioni avverse più frequenti)

✓ Campo di vista della MX (no catene mammarie interne/parete toracica/solco sottomammario)

✓ Valutazione qualitativa dell’enhancement

State of the art for contrast-enhnaced mammography

Matthew F et al; BJR,2024 

Contrast-Enhanced Mammography:Past,Present and Future 

Clin Imaging 2021



Jochelson, Lobbes et al; Radiology 2021

CEM:
SVANTAGGI/ARTEFATTI



State-of-the-art for contrast-enhanced mammography
Matthew F. Covington , MD1,2,�, Samantha Salmon, MD1, Bradley D. Weaver, PhD3, 
Laurie L. Fajardo, MD1 

ORIGINAL RESEARCH •  EVIDENCEBASED PRACTICE

M
ammography is widely used for breast cancer screen-

ing, and multimodal breast imaging plays a pivotal 

role in the work-up of breast disease (1). at said, research 

gaps or room for improvement have been identi ed (2). 

e American College of Radiology de nes breast density 

categories ranging from A (“almost entirely fatty”) to D 

(“extremely dense breasts”). Women with category D breast 

density have the highest cancer prevalence with, at the 

same time, the lowest screening sensitivity for mammogra-

phy-based screening (61%) and highest interval cancer rate  

(4.4 interval cancers of 1000 women screened), underlin-

ing the need for improved screening for these women (3). 

Digital breast tomosynthesis and US can help improve this 

to a variable but minor degree (additional detection of 2.3–

3 cancers per 1000 women screened using digital breast 

tomosynthesis or US) (4–6). e Dense  Tissue and Early 

Breast Neoplasm Screening, or DENSE, trial has revealed 

the de nite superiority of contrast-enhanced MRI (CE-

MRI) in this respect, as re ected by high tumor detection 

rates (16.5 additional cancers per 1000 women screened) 

and reduced interval cancer rates, suggesting an increasing 

use of CE-MRI in screening (7,8).

However, the application of CE-MRI poses several 

problems in the clinical work ow, including limited avail-

ability, relatively high costs (although not considered a 

limitation in cost-e ectiveness research), and limited ap-

plicability in patients with metallic implants and claustro-

phobia or those in pain or poor general condition due to 

the longer scanning time (9,10).

A recently developed alternative to CE-MRI is con-

trast-enhanced mammography (CEM) (11). Compared 

with CE-MRI, a major advantage of CEM includes, at 

least in the midterm perspective, more widespread avail-

ability. Although old mammography systems would need 

to be replaced, modern mammography units can be 

equipped to perform CEM, making CEM more easily 

available and cheaper. Nevertheless, CEM also has disad-

vantages, including radiation exposure, lower soft tissue, 

Background: Contrast-enhanced mammography (CEM) is a mor e accessible alternative to contrast-enhanced MRI (CE-MRI) in 
breast imaging, but a summary comparison of published studies is lacking.

Purpose: To directly compare the performance of CEM and CE-MRI regarding sensitivity, speci city, and negative predictive value 
in detecting breast cancer, involving all publicly available studies in the English language.

Materials and Methods: Two readers extracted characteristics of studies inv estigating the comparative diagnostic performance of CEM 
and CE-MRI in detecting breast cancer. Studies published until April 2021 were eligible. Sensitivity, speci city, negative predic-
tive value, and positive and negative likelihood ratios were calculated using bivariate random e ects models. A Fagan nomogram 
was used to identify the maximum pretest probability at which posttest probabilities of a negative CEM or CE-MRI examination 
were in line with the 2% malignancy rate benchmar k for downgrading a Breast Imaging Reporting and Data System (BI-RADS) 
category 4 to a BI-RADS category 3 result. I 2 statistics, Deeks funnel plot asymmetr y test for publication bias, and meta-r egression 
were used.

Results: Seven studies investigating 1137 lesions (654 malignant, 483 benign) with an av erage cancer prevalence of 65.3% (range: 
47.3%–82.2%) were included. No publication bias was found (P = .57). While the positive likelihood ratio was equal at a value  
of 3.1 for CE-MRI and 3.6 for CEM, the negative likelihood ratio of CE-MRI (0.04) was lower than that with CEM (0.12).  
CE-MRI had higher sensitivity for breast cancer than CEM (97% [95% CI: 86, 99] vs 91% [95% CI: 77, 97], r espectively;  
P ,  .001) but lower speci city (69% [95% CI: 46, 85] vs 74% [95% CI: 52, 89]; P = .09). A Fagan nomogram demonstrated 
that the maximum pretest probability at which both tests could r ule out breast cancer was 33% for CE-MRI and 14% for CEM. 
Furthermore, iodine concentration was positively associated with CEM sensitivity and negatively associated with its speci city  
(P = .04 and P ,  .001, respectively).

Conclusion: Contrast-enhanced MRI had superior sensitivity and negativ e likelihood ratios with higher pretest probabilities to rule 
out malignancy compared with contrast-enhanced mammography.
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❖ Entrambe le metodiche mostrano elevata sensibilità
❖ RM maggiore sensibilità e VPN rispetto alla CEM
❖ Sensibilità della CEM aumenta analizzando contestualmente le immagini a bassa energia



CEM: INDICAZIONI=RM??

1. Imaging pre-operatorio per valutazione corretta estensione tumorale (Elevata sensibilità che consente di
cambiare il “planning treatment”nel 10-30 % dei casi!!!)

2. Monitoraggio della risposta alla chemioterapia neoadiuvante.
3. Problem-solving (discordanza e difficoltà diagnostica nelle metodiche di imaging morfologico)
4. Mammella secernente
5. CUP Syndrome
6. Cicatrice
7. Alternativa alla RM (controindicazioni assolute; sorveglianza donne ad alto rischio se ci sono controindicazioni o 

se la RM non è disponibile)

8. Protesi  ????

➢Diagnosi pre-operatoria di ILC

➢Discrepanza tra mammografia ed ecografia per le dimensioni della lesione indice

➢Multifocalità, multicentricità o bilateralità sospettati all’imaging convenzionali o su base clinica

➢Valutazione estensione di malattia in donne con mammella densa.



Stadiazione pre-chirurgica : La nostra esperienza

CDI G3ACR C



Stadiazione pre-chirurgica : La nostra esperienza

Donna 41aa

«Due addensamenti 
distorsivi QSC e QIC, 
con conferma 
ecografica»

ACR D

B5: CLI G2



2022

BPE : marcato



Monitoraggio della risposta alla CT neoadiuvante

1. Analisi Dimensionale (criteri WHO)

2. Analisi Morfologica (pattern di riduzione concentrico o frammentato della massa)

Pattern di riduzione concentrico: 

le dimensioni della massa si 

riducono concentricamente

Pattern di riduzione frammentato: 

la lesione si disaggrega in aree 

di fibrosi e necrosi con isole di 

tessuto tumorale interposte



Monitoraggio della risposta alla CT neoadiuvante: La nostra esperianza

TN
ki-67 > 70% 

PRE-NAC



Monitoraggio della risposta alla CT neoadiuvante: La nostra esperianza

POST-NAC



La nostra esperianza

Donna 65 aa:  Mx screening Comparsa rare microcalcificazioni
QSC DX :

VABB: CLI G1

2021



La nostra esperianza



La nostra esperianza

B5:CLI



La nostra esperianza: CLI/Problem solving

Donna 63aa: Mx screening
B5: CLI G2



La nostra esperianza

B5 (QSE SN): tessuto 

mammario con multipli e 
diffusi focolai di CLI G2

B5 (RA SN): CLI G2



La nostra esperianza

2024 20242019 2019



❑ Studio integrità protesica ( NO MDC)               RM è la 
tecnica più accurata nella valutazione dell’integrità 
protesica

Protesi

October Special issue 2023 Lorente-Ramos et al

Volume 43 Number 10  8 radiographics.rsna.org

While Sorin et al (22) demonstrated that BPE was predictive 

of breast cancer risk independent of breast density and other 

risk factors, Savaridas et al (21) found a signi cant correlation 

between BPE at CEM and several breast cancer risk factors, 

including mammographic breast density, MRI broglandular 

tissue volume, and MRI BPE. These studies suggest that BPE 

assessment may be a potential biomarker included in cancer 

risk assessment tools.

Nipple Enhancement
Nipple enhancement can be seen on MR and CEM images, and 

enhancement of Montgomery glands may also be seen. A clue 

to recognizing normal nipple enhancement is that it is typically 

symmetric, and there is a need to evaluate asymmetric nipple 

enhancement (17), although sometimes di erent positioning 

may cause asymmetric imaging. Patient inspection, evaluation 

of LE, targeted US, and eventually MRI are the recommended 

workup for asymmetric nipple enhancement. Skin biopsy may 

also be performed in selected suspicious cases.

False-Negative Malignant Lesions
Lack of enhancement may be a false-negative nding in cer-

tain malignant tumors, including low-grade small tumors, in-

vasive lobular carcinomas, mucinous and encapsulated papil-

lary carcinomas, and areas of ductal carcinoma in situ (DCIS).

Invasive lobular carcinomas have a di use in ltrative na-

ture, which makes detection more di cult (23), as they of-

ten show weak enhancement and architectural distortions 

or asymmetries on LE images (24). Mucinous carcinomas 

contain large amounts of uid and scarce viable cells, so en-

hancement may be absent, faint, or rim enhancement (25) 

Figure 11. Eklund mammographic technique in a 40-year-old woman with 

breast implants and a palpable lump. (A) Mediolateral oblique LE CEM (left) 

and recombined (right) images show no lesions. Note the breast implant 

(arrowheads; left image) and artifacts (arrowheads; right image). (B) Left: 

Mediolateral oblique LE CEM image with the Eklund technique shows two  

round dense masses with irregular spiculated margins (arrows). Right:  

Recombined image shows homogeneous enhancement of the masses (ar -

rows). Core biopsy demonstrated multifocal ductal infiltrating carcinoma.

Figure 12. BPE in a 36-year-old woman with a palpable lump. 

Left: Craniocaudal LE CEM image shows a dense breast. Right: 

Recombined image shows marked BPE. A mass with circum -

scribed margins, heterogeneous enhancement, and low conspicu -

ity is di cult to visualize on both images (arrow). A fibroadenoma 

was demonstrated at US (not shown).

❑ La CEM potrebbe essere utile in ambito oncologico nelle 
pazienti che hanno subito un impianto protesico. Tuttavia, 
l’esecuzione di questo esame in presenza di dispositivi 
protesici da luogo a molti artefatti, specie in immagini 
ricombinate. 

Radiographics 2023



Biopsia CEM-guidata

Quando si fa?

➢ Enhancing-only lesions senza corrispettivo MX o 

DBT

➢ Biopsia RM non disponibile

➢ Biopsia RM non tecnicamente effettuabile



Vantaggi

✓ più economica vs RM

✓Rapida

✓Preferita dalle pazienti

✓Valutazione morfologica immediata su immagini LE

Biopsia CEM-guidata vs RM





2023

➢ 406 RM

➢ 36 CEM

I Nostri Numeri

2024

➢ 499 RM

➢ 83 CEM

✓ Incremento delle pazienti in sorveglianza eredo-familiare (RM)
✓ Crescita della confidence ed esperienza degli operatori (CEM) 



✓ Sensibilità e specificità subottimali simili alla MRI 

✓ Esame di terzo livello (problem solving) quando l’imaging morfologico non è conclusivo e la MRI è 
controindicata o non disponibile.

✓ Sempre più «Ruolo integrato» delle due metodiche

✓ Economica, rapida, (esecuzione e refertazione) accessibile e «confident» alle pazienti

✓ Biopsie CEM-guidate e ulteriori campi applicativi emergenti

CONCLUSIONI



Grazie dell’Attenzione!!!


