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/SAiETAK

standardnu mamografiju i MR.

Kontrastna mamografija (KM) (eng. Contrast-enhanced mammography - CEM) postaje sve vise
prisutna metoda u dijagnostici karcinoma dojke tokom poslednjih nekoliko decenija, a posebno tokom
poslednjih nekoliko godina. Sve je vise dokaza o visokoj dijagnostickoj efektivnosti i senzitivnosti KM u
otkrivanju karcinoma dojke. Takode, nova istrazivanja pokazuju slicnost u efektivnosti i senzitivnosti KM
u poredenju sa magnetnom rezonancom (MR), uz manje slucajeva lazno pozitivnih rezultata. Kako se
primena KM sve vise $iri, od potencijalne njene primene u skriningu kod Zena sa gustim tkivom dojke do
odredivanja stadijuma maligniteta dojke, sve je vise neophodna dobra upucenost u ovu metodu i njenu
implementaciju. Ovim preglednim radom bice sagledan znacaj KM kako za skrining, tako i za dijagnosticku
proceduru, sa posebnim akcentom na sagledavanje njenih prednosti i nedostataka u odnosu na ultrazvuk,

\Kljuéne reci: kontrastna mamografija, skrining, karcinom dojke )

\

Uvod

Kontrastna mamografija (KM) (eng. Con-
trast-enhanced mammography - CEM) definise se
kao mamografija koja se realizuje intravenskom
primenom kontrastnog sredstva. Stoga se ova teh-
nika danas smatra novom, jer koristi jodirane kon-
trastne materijale za vizualizaciju neovaskularnosti
dojke na identi¢an nacin kao magnetna rezonanca
(MR) (1). U okviru procesa angiogeneze obrazuju
se krvni sudovi koji se veoma dobro ispunjavaju
kontrastom (2), te stoga omogucavaju dobro kon-
trastno propustanje kroz samo tkivo tumora, Sto
dalje omogucava dobijanje kvalitetne dijagnos-
ticke slike (3). Zahvaljuju¢i prethodno opisanom
procesu, KM omogucava da se postojanje malignih
nodusa vizualizuje, ¢ak i pri znacajno velikoj gustini
tkiva dojke, koje inace u standardnoj mamografi-
ji predstavlja znacajnu dijagnosticku poteskocu.
Slicno je i sa potencijalnim suspektnim lezijama,
koje se upravo zbog gustine parenhima preklapaju
sa tkivom dojke i predstavljaju izazov za dijagnosti-

ku na standardnim mamografskim snimcima. Prin-
cip rada KM zasnovan je na aplikaciji intravenskog
kontrastnog sredstva, pomoc¢u kog se omogucava
njegova akumulacija iz abnormalnih, propusnih
krvnih sudova u potencijalno prisutno tumorsko
tkivo dojke (4), sto se jasno vizualizuje na dobi-
jenom snimku visokog kvaliteta. U literaturi se KM
naziva i kontrastno poboljSanom spektralnom ma-
mografijom i kontrastno poboljSanom digitalnom
mamografijom i kontrastno poboljSanom dualnom
mamografijom. Bez obzira na naziv, rec je o savre-
menoj dijagnostickoj tehnici koja obezbeduje indi-
vidualni pristup svakom pacijentu, omogucavajuci
da se tretman ,prilagodi“ njihovim potrebama.
Prema dostupnim epidemioloskim podacima,
karcinom dojke jedan je od najucestalijih karcino-
ma Sirom sveta, posebno ako se razmatraju oba
pola (3). Studija Sung-a i saradnika iz 2020. godine
pokazala je znacajan porast broja novoobolelih od
karcinoma dojke u odnosu na, do sada vodeci, kar-
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/SUMMARY

\

Contrast-enhanced mammography (CEM) has become a ubiquitous method in breast diagnostics over
the last few decades, especially in recent years. There is an increasing body of strong evidence regarding
the high diagnostic efficiency and sensitivity of CEM in detecting breast cancer. There is more and more
evidence about the high diagnostic effectiveness and sensitivity of CEM in detecting breast cancer.
Also, new research has shown similarity in the efficiency and sensitivity of CEM compared to magnetic
resonance, with fewer cases of false positive results. As the application of CEM expands from potential
use in screening for women with dense breast tissue to the staging of known breast malignancy, it
becomes increasingly important to become well-versed in this method and its implementation. This
review article will perceive the importance of CEM both for screening and in the diagnostic procedure,
with a special emphasis placed on the advantages and disadvantages compared to ultrasound, standard

mammography and MRI.

N
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Introduction

Contrast-enhanced mammography (CEM) is
defined as mammography, which is realized with
the intravenous administration of a contrast agent.
Therefore, this technique is deemed to be new
today because it uses iodinated contrast materials
for the visualization of breast neovascularization
identically as magnetic resonance (MR) (1). Within
the process of angiogenesis, blood vessels, which
are filled well with contrast, are formed (2), and
therefore, they allow good contrast transmission
through the tumor tissue itself, which further
enables a high-quality diagnostic image to be
obtained (3). Thanks to the previously described
process, CEM allows the visualization of present
malignant nodes, even with a significantly
high density of breast tissue, which otherwise
represents a significant diagnostic problem in
standard mammography. Similar is the case with
potentially suspicious lesions, which overlap with
the breast tissue due to the density of parenchyma,

and therefore, they are challenging for diagnosing
on standard mammographic images. The working
principle of CEM is based on the application of
an intravenous contrast agent, which enables its
accumulation from abnormal, permeable blood
vessels into the potentially present tumor tissue
of the breast (4), which is clearly visualized on
the obtained high-quality image. In the literature,
CEM is called contrast-enhanced spectral
mammography and contrast-enhanced dual
mammography. Regardless of the name, it is a
modern diagnostic technique, which enables an
individual approach to each patient, allowing the
treatment to be “adapted” to their needs.
Accordingtotheavailable epidemiological data,
breast cancer is one of the most common cancers
worldwide, especially if both sexes are taken into
consideration (3). A study by Sung et al. from 2020
showed a significant increase in the number of
new cases of breast cancer in comparison to lung
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cinom pluda (4). Bez obzira na izuzetno intenzivan
i znacajan napredak tehnologije, dijagnostika kar-
cinoma dojke i dalje je veoma kompleksna i nosi
sa sobom veliki broj nedoumica, te zahteva kon-
tinuirano unapredenje, razvoj i teznju ka novim
dijagnostickim tehnikama koje ¢e omoguditi brze
i efektivnije otkrivanje maligniteta u Sto ranijem
stadijumu bolesti (2,5,6). Cak i u dobu savremene
terapije, otkrivanje maligniteta dojke u ranim sta-
dijumima klju¢no je za bolji ishod le¢enja (7). Di-
jagnosticke metode za pregled dojke evoluiraju, a
njihova snaga i slabosti kontinuirano se procenjuju
kako bi se formulisale preporuke i smernice koje su
korisne za klinicku praksu.

Ovim preglednim radom bice sagledan znacaj
KM kako za skrining, tako i za dijagnosticku pro-
ceduru, sa posebnim akcentom na sagledavanje
njenih prednosti i nedostataka u odnosu na ultraz-
vuk, standardnu mamografiju i MR.

Metod

U ovom preglednom radu pretrazeno je neko-
liko elektronskih baza podataka: Google Scholar
napredne pretrage, Konzorcijuma biblioteka Srbije
za objedinjenu nabavku — KoBSON i platforma
PubMed. U cilju pretraZivanja literature koriséene
su sledece klju¢ne reci: mamografija, kontrastna
mamografija i karcinom dojke. Ovim preglednim
radom obuhvacene su radovi koji su publikovani u
periodu 2014-2024. godine na srpskom ili engles-
kom jeziku, a koji su obradivali navedenu tematiku.

Osnove kontrastne mamografije

KM tehnika je pocela da se razvija postepeno i
polako, pocevsi od 1985. godine kada je prvobitno
nazvana digitalna subtrakcijska angiografija dojke.
Prvobitno ova tehnika je razvijana kao neinvanziv-
na dijagnosticka metoda za indentifikaciju tumora
dojke koji je do tada najcesc¢e bio dijagnostikovan
biopsijom ili hirurskim zahvatima. Inicijalna KM teh-
nika izvodila se pomocu katetera koji je morao biti
plasiran u regiju gornje Suplje vene kroz koji se ap-
likovao kontrast koji je omogucéavao visSeslojnu ek-
spoziciju i prikaz krvnih sudova unutar dojke. Opisa-
na tehnika imala je niz nedostataka i zahtevala je
prekontrastno, potom i kontrastno snimanje, zatim i
kompresiju dojke, Sto je iniciralo dodatna tehnolos-
ka reSenja, kako bi ova tenhnika bila primenjivana
na efikasniji nacin koji bi bio bolje kontrolisan od pr-
vobitnog i koji bi znac¢ajno krace trajao.

KM tehnika koja koristi dualnu energiju (engl.
dual energy) pravi razliku u apsorpciji rendgenskih
zraka izmedu tkiva dojke i joda kada se koriste
spektri niske i visoke energije. Ova tehnika je pr-
vobitno opisana tokom 2003. godine, kao alter-
nativna tehnika subtrakciji (6). Pregledi KM sas-
toje se od uparenih slika niske i visoke energije
dobijenih koris¢enjem rendgenskih energija ispod
i iznad ivice kontrasta. Iz ovih uparenih ekspozici-
ja dobijenih pod istom kompresijom, generiSe se
rekonstruisana slika koristec¢i postupak naknadne
obrade koji izoluje samo koncentraciju joda. Pre
nego Sto se izvrSi snimanje, neophodno je apliko-
vati nejonski kontrastni agens sa niskom osmols-
kom vrednoséu, joS u periodu dok je dojka van
kompresije, kako bi se omogudio najvecdi protok
krvi. Koncentracija joda varira od 300 mg/mL do
370 mg/mL (8). lako standardizovani parametri
snimanja za KM jos uvek nisu konstituisani, gener-
alno je prihvaceno da se daje volumen od 1,5 ml/
kg telesne mase (maksimalno 150 ml) brzinom od
2-3 ml/s, po mogudstvu koris¢enjem automatskih
injektora (9). Oko 2-3 minuta nakon ubrizgavanja
kontrasta, dobijaju se uparene slike niske i visoke
energije dojke, koja je pod kompresijom, u dve
standardne projekcije - kraniokaudalne i medio-
lateralne kose. Dodatne projekcije mogu se dobiti
unutar 10 minuta od aplikacije kontrasta. Rekom-
binovane slike za svaku dobijenu projekciju gener-
iSu se nakon obrade.

Ipak i pored svih prednosti treba naglasiti da
KM ne prikazuje kinetiku i dinamiku kontrastnog
pojacanja. Medutim, nekoliko publikovanih radova
koji su ispitivali odlozenu akviziciju dobijenu 6 do
8 minuta nakon ubrizgavanja kontrasta pokaza-
li su poboljsanje specificnosti KM sa 83% na 89%
kod Zena koje su bile podvrgnute KM radi procene
odgovora na neoadjuvantnu hemioterapiju (10) i
sa 80% na 92% kod Zena sa denznim dojkama i sus-
pektnim tumorskim promenama (11).

Dijagnosticke mogucnosti KM

Kao Sto je u samom uvodu pomenuto tehnika
kontrastno pojacane mamografije se vremenom
menjala, razvijala i unapredivala. Inicijalno ova
tehnika snimanja prikazana je 1985. godine uz dig-
italnu subtrakcionu angiografiju dojke, u kojoj je
bilo dominanto dobijanje prekontrastne slike, ali i
slike uz kompresiju dojke nakon cega se pristupa-
lo intravenskoj aplikaciji kontrasta (12,13). Naime,
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cancer, which had a leading position until then
(4). Regardless of the extremely intensive and
significant progress of technology, the diagnostics
of breast cancer is still very complex and carries
with it a large number of doubts. Therefore, it
demands continuous improvement, development
and striving for new diagnostic techniques, which
will enable faster and more effective detection
of breast malignancy at the earliest possible
stage (2,5,6). Even in the age of modern therapy,
detection of breast malignancy at early stages
is crucial for a better treatment outcome (7).
Diagnostic methods for breast examination are
evolving, while their strengths and weaknesses are
continually being evaluated in order to formulate
recommendations and guidelines that are useful
for clinical practice.

The significance of CEM for screening, as well
as for diagnostic procedures will be considered
in this review article, while special emphasis
will be placed on realizing its advantages and
disadvantages in comparison to ultrasound,
standard mammography and MR.

Methods

Inthis review article, a few electronic databases
were searched: Google Scholar advanced search,
the Consortium of Serbian Libraries for Unified
Procurement (Serbian: KoBSON) and the PubMed
platform. The following key words were used in
the literature search: mammography, contrast
mammography and breast cancer. This review
articles includes works published in the period
2014-2024 in the Serbian or English language,
which analyzed the above mentioned topic.

Basics of contrast mammography

The CEM technique has developed gradually
and slowly since 1985 when it was originally
called digital subtraction breast angiography.
Originally, this technique was developed as a non-
invasive diagnostic method for the identification
of breast tumors, which had been diagnosed
by biopsy or surgical procedures until then. The
initial CEM technique was carried out using a
catheter that had to be placed in the region of the
superior vena cava, through which contrast was
administered, which allowed the multi-layered
exposure and display of blood vessels inside the
breast. The described technique had a number of

disadvantages and it required pre-contrast, and
then contrast imaging, then breast compression,
which initiated additional technological solutions,
so that this technique could be applied in a more
efficient way, which had to be better controlled
than the original one and which would be
significantly shorter.

The CEM technique, which uses dual energy,
makes difference in the absorption of X-rays
between breast tissue and iodine, when the
spectra of low and high energy are used. This
technique was originally described in 2003 as an
alternative technique to subtraction (6). The CEM
examination consists of paired images of low
and high energy obtained with the help of X-ray
energies below and above the level of contrast.
From these paired exposures obtained under
the same compression, a reconstructed image is
generated using the procedure of post-processing
whichisolatesonlytheiodine concentration. Before
the imaging is performed, it is necessary to apply
a non-ionic contrast agent with a low osmolality
value, when the breast is not under compression,
in order to allow the greatest blood flow. The
concentration of iodine varies from 300 mg/ml
to 370 mg/ml (8). Although standardized imaging
parameters for CEM have not been established
yet, it has generally be accepted that a volume
of 1.5 ml/kg of body mass (maximum 150 ml) is
administered at a rate of 2-3 ml/s, preferably using
automatic injectors (9). About 2-3 minutes after
contrast injection, paired images of low and high
energy of breast under compression is obtained
in two standard projections — craniocaudal
and mediolateral oblique viiews. Additional
projections can be obtained within 10 minutes
from contrast administration. Recombined images
for each resulting projection are generated after
processing.

Despite all the advantages, it should be
pointed out that CEM does not show the kinetics
and dynamics of contrast enhancement. However,
a few published papers, which examined delayed
acquisition 6 to 8 minutes after contrast was
injected, showed the improvement of the
specificity of CEM from 83% to 89% in women who
underwent CEM on order to assess the response
to neoadjuvant chemotherapy (10) and in 80% to
92% of women with dense breasts and suspicious
tumor changes (11).
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ova procedura pored toga Sto je bila veoma invan-
zivna i neprijatna, davala je suboptimalne rezul-
tate, te njena primena nije znacajno zazivela.

Nesto kasnije KM se pocela razvijati uz ko-
ris¢enje temporalne tehnike tokom koje je dojka
takode bila izloZzena kopresiji, radena su predkon-
trastna snimanja i aplikovan je intravenski kontrast
nakon cega je u vremenskom intervalu od 5 do 7
minuta radeno visestruko snimanje. U odnosnu na
prethodno opisanu, inicijalnu mamografiju, ova
verzija je bila unapredena u segmentu Sto se pred-
kontrastna slika oduzima od postkontrastne slike,
pri ¢emu dolazi do vizuelizacije kontrastne apsorp-
cije. Ova tehnika pokazala se izuzetno efikasnom
i uspeSnom za postavljenje dijagnoze maligniteta
dojke (14), ali i pored toga pokazala je niz nedo-
stataka poput pojave artefakata zbog pomeranja
pacijenta, izuzetno dugacki vremenski interval
akvizicije, tako da tokom jednog pregleda moze
biti pregledana samo jedna dojka. Svaki dodatni
pogled na ipsilateralnu ili kontralateralnu dojku
zahteva dodatnu dozu kontrasta. Na kraju, dojka je
pod kompresijom tokom unosenja kontrasta, Sto
moZe ograniciti protok krvi i rezultirati suboptimal-
nim poboljSanjem tkiva.

Tehnika KM koja koristi dualnu energiju razvi-
jena je tokom 2003. godine sa ciljem da bude al-
ternativa temporalnoj tehnici. Sustina koriséenja
dualne energije u ovoj tehnici je da se maksimi-
zira iskoristivost kontrasta u smislu da se iskoriti
njegova mogucnost razli¢itog stepena apsorpcije
od strane tkiva dojke i joda. Ova metoda je bila
veoma prihvacena posebno iz perspektive isko-
ristljivosti ve¢ postoje¢e opreme. Naime, kako bi
se izvela ova tehnika snimanja pored standardne
opreme za mamografiju bila je neophodna samo
sofverski nadograditi postojeci sistem i dodatak
bakarne filtracije. Ovako dopunjen standardno
opremeljen uredaj omogucavao je tzv. ,dual-en-
ergy” slikanje. Naime, ova tehnika zahtevala je da
se pre nego Sto se izvrsi akvizicija slikanja izvrsi i
intravenska aplikacija kontrasnog sredstva koji
ima nisku osmolarnost. U ovom slucaju aplikacija
kontrasnog sredstva vrsena je pomocu injektora,
a preporucena doza kontrasnog sredstva bila je
od 1,5 ml/kg do maksimalno 150 ml/kg, obi¢no u
koncentraciji 300-370 mg joda/ml, brzinom od 3
ml/s (15). Takode, kao i prethodna tehnika i ova
tehnika zahtevala je kompresiju dojke, s tim Sto
je u ovom slucaju kompresiju dojke bilo potrebno
izvrsiti tek oko dva minuta pre nego Sto ce se za-

vrsiti kompletna aplikacija kontrasnog sredstva. Na
prethodno opisan nacin, a zahvaljujuci delovanju
kompresije i kontrasta omoguceno je dobijanje
uparene slike niske i visoke energije u standardnim
kraniokaudalnim i mediolateralnim projekcijama.
KM koristi fotoelektri¢ni efekat joda koji omoguca-
va isticanje oblasti apsorpcije kontrasta. Sam fo-
toelektricni efekat zavisi od energije rendgenskog
zraka i ivice materijala. Slike koje dolaze iz polja
niske energije, dobijaju se ispod K nivoa joda na
kVp vrednosti 28-33 i prikazuju samo tkivo dojke,
dok se slike visoke energije dobijaju iznad K nivoa
joda na kVp vrednosti 45—-49 i prikazuju apsorpciju
joda u tkivo dojke, ali nisu zahvalne za tumacen-
je. Nakon obrade, kreiraju se rekonstruisane slike
koje naglasavaju oblasti u kojima je doslo do ap-
sorpcije joda, odnosno naglasavaju se tzv. zone
»Pojacanja“, dok je signal koji dolazi iz pozadinskog
tkiva potisnut. Zahvaljujuci ovakvoj apsorpciji joda
omogucéena je vizuelizacija vaskularnosti tumora
dojke. Nakon aplikacije kontrasnog sredstva naj-
efektivnije snimanje obavlja se u vremenskom
intervalu od 2 do 8 minuta (16). Ovaj vremenski
raspon idealan je za snimanje jer postoje dokazi
da se sam kontrast zadrzava svega do 10 minuta,
te dodatna snimanja zahtevaju dodatne aplikaci-
je kontrasta (17). Takode je vazno napomenuti
da nije nuzno da se mamografske slike dobijaju u
odredenom redosledu.

Pregled KM obuhvata slike niske energije i
rekonstruisane slike. To znaci da nalaz moze biti
vidljiv samo na slikama niske energije, samo na
rekonstruisanim slikama, ili na obema. Slike niske
energije su slicne slikama dobijenim standard-
nom digitalnom mamografijom i tumace se na isti
nacin koristeéi leksikon mamograma definisan u
atlasu Americkog koledzZa radiologa za izveStava-
nje i sistem podataka o dojkama (BI-RADS) (engl.
College of Radiology Breast Imaging Reporting
and Data System-BI-RADS) iz 2013. godine (12).
Rekonstruisane slike se tumace kako bi se identi-
fikovalo svako abnormalno pojacanje koje moze ili
ne mora imati korelaciju na slikama niske energi-
je. Nedavno objavljen dodatak BI-RADS atlasu iz
2013. godine dopunjuje smernice za tumacenje
slika KM. U KM leksikonu su uvedena dva nova
termina BI-RADS-a koja podrazumevaju i izrazenu
asimetriju i uocCljivost lezije. Izrazena asimetrija je
nalaz koji je moguce uociti u jednom pogledu, ili
samo pomocu rekonstruisanih slika i/ili na obema
rekonstruisanim i slikama niske energije. Uoclji-
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Diagnostic possibilities of CEM

As it was mentioned at the very beginning, the
technique of contrast-enhanced mammography
has changed, developed and improved over time.
Initially, this imaging technique was demonstrated
in 1985 with digital subtraction breast angiography,
in which pre-contrast images were dominant, as
well as images with breast compression, after
which intravenous contrast was administered
(12,13). Namely, this procedure, in addition
to being very invasive and unpleasant, gave
suboptimal results, and therefore, its application
did not proceed significantly.

A little later, CEM began to develop with the
use of temporal technique, during which the breast
was also exposed to compression, pre-contrast
imaging was performed and intravenous contrast
was applied, after which multiple imaging was
donein atimeinterval of 5 to 7 minutes. In relation
to the previously described, initial mammography,
this version was improved in the segment where
the pre-contrast image is subtracted from the
post-contrast image, whereby contrast absorption
is visualized. This technique proved to be very
efficient and successful for the diagnosis of breast
malignancy (14), but also it showed a number of
disadvantages such as the appearance of artifacts
due to the movement of patients, and a long
interval of acquisition, so that only one breast
can be examined during one examination. Each
additional view of the ipsilateral or contralateral
breast requires an additional dose of contrast.
Finally, the breast is under compression during
contrast administration, which can limit blood
flow and result in suboptimal tissue enhancement.

The CEM technique that uses dual energy
was developed in 2003 with the aim of being an
alternative to the temporal technique. The essence
of using dual energyin this technique is to maximize
the use of contrast in the sense of exploiting its
possibility of different degrees of absorption by
breast tissue and iodine. This method was very
well accepted, especially from the perspective
of the utilization of already existing equipment.
Namely, in order to carry out this imaging
technique, in addition to the standard equipment
for mammography, it was only necessary to
upgrade the software of the existing system and
add copper filtration. The standard device, which
was additionally equipped in this way, enabled
the so-called “dual-energy” imaging. Namely, this

technique required the intravenous application of a
contrast agent which has low osmolarity before the
acquisition of imaging is performed. In this case, the
application of the contrast agent was performed
using an injector, while the recommended dose
of the contrast agent was from 1.5 ml/kg to a
maximum of 150 ml, usually in a concentration of
300-370 mg of iodine/ml at a speed of 3 ml/s (15).
Also, like the previous, this technique demanded
breast compression, but in this case breast
compression needed to be performed about two
minutes before the complete application of the
contrast medium would be completed. In the
previously described way, and thanks to the effect
of compression and contrast, it is possible to obtain
the paired image of low and high energy in standard
craniocaudal and mediolateral projections. CEM
uses the photoelectric effect of iodine, which
makes it possible to highlight the areas of contrast
absorption. The photoelectric effect itself depends
on the energy of X-ray beam and the edge of the
material. Images that come from the field of low
energy are obtained below the K level of iodine at
kVp values of 28-33 and show only the breast tissue,
while high-energy images are obtained above the
iodine K level at kVp values of 45-49 and show the
absorption of iodine into the breast tissue, but
they are not convenient for interpretation. After
processing, the reconstructed images are created
and they emphasize the areas where iodine had
been absorbed, that is, they highlight the so-
called zones of “amplification”, while the signal,
which is coming from the background tissue, is
suppressed. Thanks to this absorption of iodine,
the visualization of the vascularity of breast tumor
is possible. After the application of the contrast
agent, the most effective imaging is carried out
in a time interval of 2 to 8 minutes (16). This
time interval is ideal for imaging because there is
evidence that the contrast itself is retained only up
to 10 minutes, and therefore, additional imaging
requires additional contrast applications (17). Also,
it is important to note that mammographic images
are not necessarily obtained in a specific order.
The CEM examination includes low-energy
images and reconstructed images. This means
that findings may only be visible only on low-
energy images, only on reconstructed images, or
on both images. Low-energy images are similar
to images obtained with the help of standard
digital mammography and they are interpreted
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vost lezije odnosi se na stepen intenziteta lezije
u odnosu na pozadinsko parenhimsko pojacanje
(BPE). Ovaj KM BI-RADS leksikon obezbeduje stan-
dardizaciju izvestavanja i doslednost, sto je klju¢no
za sprovodenje KM.

Uloga KM u ranom otkrivanju tumora

Zene koje imaju poveéan rizik od razvoja malig-
niteta dojke imaju korist bilo od ultrazvuka ili MR.
preporucuje samo Zenama koje imaju visok (vise
od 20%) rizik od razvoja raka dojke zbog visokih
troskova i ograni¢ene dostupnosti. Zene koje imaju
umeren (15-20%) rizik tokom Zivota, a ukljucuju
Zene sa porodicnom istorijom maligniteta dojke,
licnom istorijom maligniteta dojke, prethodno
potvrdenim biopsijskim visokorizicnim lezijama i
gustim tkivom dojke, imaju opciju da se podvrgnu
dopunskom skriningu ultrazvukom, Sto moze ot-
kriti karcinom koji nije vidljiv na mamografiji.

Sve vise podataka ukazuje da KM kao skrin-
ing test Zena sa povecéanim rizikom od malig-
niteta dojke doprinosi boljem ranom otkrivanju
poremecaja zdravlja u poredenju sa digitalnom
mamografijom i/ili mamografijom i ultrazvukom
zajedno (19,20). Pojedini autori isticu da se dijag-
nosticka efektivnost KM znacajno pribliZila onoj
kod MR (21). Naime, 2017. godine Jochelson i
grupa autora publikovali su prvu prospektivnu
studiju koja se bavila komparativnim poredenjem
KM i MR kao skrining testova za karcinom dojke
(22). U pomenutoj studiji bilo je uklju¢eno 307
Zzena kojima je indentifikovan umeren do visok
rizik od maligniteta dojke tokom Zivota, a koje
su podvrgnute KM i MR, nakon Cega su pracene
tokom 24 meseca. U periodu od prve etape skrin-
inga, koja je trajala 12 meseci, dijagnostikovana
su tri invanzivna karcinoma dojke, od kojih su dva
indentifikovana na obe dijagnosticke procedure, a
jedan duktalni karcinom in situ je viden samo na
MR. Dakle, prema opisanoj studiji u prvoj etapi is-
trazivanja ni jedan karcinom nije bio indentifikovan
samo pomocu KM. U zakljucku pomenute studije,
autori su naveli da je specificnost ispitivanih di-
jagnostickih procedura u celokupnom istraZivanju
bila indenti¢na (oko 94%) (22). Godinu dana kas-
nije, Klang i grupa autora publikovali su studiju u
kojoj su napravili komparativno poredenje izmedu
efektivnosti KM i ultrazvuka u cilju skrininga malig-
niteta dojke (23). Oni su izneli da je KM pokazala

vecu senzitivnost (97,3%) i specificnost (40,0%), u
poredenju sa ultrazvukom (91,9% i 8,0% ) (23). U
okviru pomenute studije otkriveno je ukupno 37
karcinoma dojke, a autori su zakljucili da ni jedan
od otkrivenih karcinoma KM nije ¢ak ni delovao
benigno, dok su na ultrazvuku ¢ak tri pokaziva-
opisane studije je da zapravo ultrazvucni skrining
nakon adekvatnog pregleda KM moze da rezultira
samo nepotrebno indikovanim biopsijama. Znaca-
jno je spomenuti da je u maloj grupi od 132 Zene
sa povecanim rizikom od maligniteta dojke zbog
licne istorije lobularne neoplazije, KM kao skrining
test pokazao senzitivnost od 100% u otkrivanju 6
karcinoma koji su svi bili skriveni na standardnoj
digitalnoj mamografiji (21). Specificnost skrining
testa je bila 88%.

Pored potencijalne ekonomske isplativosti i
dostupnosti u odnosu na MR, KM ima druge pred-
nosti u skriningu. Zenama sa povecanim rizikom
od maligniteta dojke koje se ne mogu podvrga-
vati MR zbog klaustrofobije, metalnih implanta ili
alergija na kontrast na bazi gadolinijuma moZze se
bezbedno uraditi KM. Ako im se pruzi izbor, vecina
pacijentkinja preferira KM umesto MR (24).

Buduénost kontrastne mamografije

U buduénosti, KM zauzima znacajnu ulogu
u dijagnostici maligniteta dojke sa ocekivanim
napretkom u nekoliko klju¢nih aspekata. Prvo,
ocCekuje se dalji tehnicki razvoj KM tehnologije,
ukljucujuci poboljsanje algoritma za obradu slika,
povecanje rezolucije i smanjenje doze zracenja.
Ovi napreci doprinose vecoj tacnosti dijagnostike
i pobolj$avaju iskustvo pacijenata. Sirenje indikaci-
ja predstavlja drugi klju¢ni aspekt. Ocekuje se da
¢e KM prosiriti svoju primenu na razlicite vrste pa-
toloskih promena i specificne grupe pacijenata, uz
prilagodene protokole za skrining kod odredenih
populacija. Ovo bi omogudilo Siru primenu KM u
klinickoj praksi. Edukacija i implementacija igrace
klju¢nu ulogu u Siroj upotrebi KM. Potrebno je
osigurati da zdravstveni radnici, ukljucujuci radio-
loge, tehnicare i medicinsko osoblje, budu dobro
obuceni za interpretaciju slika KM i postupke u
slucaju reakcija na kontrast.

Ukoliko bi se KM koristila kao alternativa za
MR, dijagnosticke prakse koje se znacajno os-
lanjaju na prihode od MR mogle bi se suociti sa
znacajnim finansijskim padom. U tom kontekstu
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in the same way using the mammogram lexicon
which was defined in the Atlas of the American
College of Radiology Breast Imaging Reporting
and Data System BI-RADS in 2013 (12). The
reconstructed images are interpreted in order to
identify any abnormal enhancement that may or
does not have to correlate with the low-energy
images. A recently published supplement to the
BI-RADS atlas from 2013 adds guidelines for the
interpretation of CEM images. In the CEM lexicon,
two new BI-RADS terms have been introduced,
and they imply the pronounced asymmetry
and conspicuity of the lesion. The pronounced
asymmetry is a finding that can be seen at a glance,
or only with the help of reconstructed images and/
or on both reconstructed images and low-energy
images. The conspicuity of the lesion refers to the
degree of intensity of the lesion in relation to the
background parenchymal enhancement (BPE). This
CEM BI-RADS lexicon ensures the standardization
of reporting and consistency, which is important
for the CEM procedure.

The role of CEM in the early detection of

tumors

Women who are at increased risk of developing
breast malignancy benefit from either ultrasound
or MRI. MRI is the most sensitive screening test,
which is currently recommended only to women
who have a high (more than 20%) risk of developing
breast cancer due to high costs and limited
availability. Women who have a moderate risk
(15-20%) during lifetime, including women with
a family history of breast malignancy, a personal
history of breast malignancy, high-risk lesions and
dense breast tissue that was previously confirmed
by biopsy, have the option to undergo additional
ultrasound screening, which can detect cancer
that is not visible on mammography.

More and more data indicate that CEM as
a screening test for women at an increased risk
of breast malignancy contributes to the early
detection of health disorders in comparison to
digital mammography and/or mammography and
ultrasound together (19,20). Some authors point
out that the diagnostic effectiveness of CEM has
significantly approached the effectiveness of MRI
(21). Namely, in 2017, Johelson et al. published
the first prospective study, which compared CEM
and MRI as screening tests for breast cancer (22).

In the above mentioned study, 307 women, who
were identified as having a moderate to high risk of
breast malignancy during their lifetime, and who
underwent CEM and MRI, were included, after
which they were followed for 24 months. In the
period of the first stage of screening, which lasted
12 months, three invasive breast cancers were
diagnosed, two of which were identified on both
diagnostic procedures, while one ductal carcinoma
in situ was seen only on MRI. Therefore, according
to the described study, during the first stage,
there were no cancer cases that were identified
only using CEM. In the conclusion of the above
mentioned study, the authors stated that the
specificity of the examined diagnostic procedures
in the whole research was identical (92%) (22). A
year later, Klang et al. published a study, in which
they made a comparative analysis between the
effectiveness of CEM and ultrasound aimed at
screening breast malignancy (23). They reported
that CEM showed higher sensitivity (97.3%) and
specificity (40.0%) in comparison to ultrasound
(91.0% and 8%) (23). Within the above mentioned
study, a total of 37 breast cancers were detected,
and the authors concluded that none of the CEM
cancers appeared benign, while on ultrasound,
even three showed a benign character. The most
striking conclusion of the described study is that
the ultrasound screening after an adequate CEM
examination can only result in unnecessarily
indicated biopsies. It is important to mention that
in a small group of 132 women with an increased
risk of breast malignancy due to a personal
history of lobular neoplasia, CEM as a screening
test showed a sensitivity of 100% in detecting 6
cancer cases that were all hidden on standard
digital mammography (21). The specificity of the
screening test was 88%.

In addition to the potential economic cost-
effectiveness and availability in comparison to MRI,
CEM has other advantages in screening. Women
at an increased risk of breast malignancy who
cannot undergo MRI due to claustrophobia, metal
implants or allergies to gadolinium-based contrast
can safely undergo CEM. If they are offered choice,
most patients prefer CEM to MRI (24).

The future of CEM
In the future, CEM will have a significant
role in the diagnostics of breast malignancy with
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troskovna efikasnost predstavlja bitan faktor, a
ako KM ostane ekonomicnija opcija u poredenju s
drugim dijagnostickim metodama, to ¢e povecati
njenu prihvatljivost u zdravstvenim sistemima. Sa
druge strane, KM bi potencijalno mogla omogucdi-
ti ekonomic¢nu dopunsku dijagnosticku opciju za
podgrupe Zena kojima je trenutno MR finansijski
nepristupacan ili je iz nekog razloga kontraindiko-
van, kao Sto su Zene sa srednjim rizikom od malig-
niteta dojke, ¢cime bi se potencijalno povec¢ao obim
skrininga i dijagnostike, a smanijili potencijalno do-
datni troskovi. Takode, vazno je u ovom segmentu
napomenuti da je KM i znacajno brZza metoda sa
aspekta izvodenja i tumacenja, kao i da ima nize
troskove nabavke i odrzavanja opreme u poreden-
ju sa MR.

Dalja istrazivanja i klinicki radovi biée kljucni za
potvrdu dugorocne efektivnosti KM, identifikaciju
novih indikacija i usavrSsavanje protokola primene.
Povezivanje s tehnologijama vestacke inteligencije
takode ima potencijal da unapredi interpretaciju
slika KM i ubrza proceduru izvodenja. U sustini,
buduénost KM obecava dalji napredak u otkrivanju
maligniteta dojke, nudeci napredne metode sa sve
vecéim fokusom na preciznost, tacnost, dostupnost
i udobnost pacijenata.

Zakljucak

Ocekivanja u vezi s globalnim prihvatanjem
KM kao standarda u otkrivanju maligniteta dojke
zavise od viSe klju¢nih faktora. Najpre, dalja klinic-
ka ispitivanja su klju¢ni koraci kako bi se potvr-
dila njegova efektivnost na Siroj populaciji. Ako
KM pokaZe doslednu dijagnosticku preciznost i
tac¢nost, kao i prednosti u poredenju sa dosadas-
njim metodama, to ¢e snazno podrzati njegovo
globalno prihvatanje. Pored toga, edukacija i os-
posobljavanje zdravstvenih radnika igraju klju¢nu
ulogu u uspesnom uvodenju KM. Ekonomska
odrZivost takode ce biti presudna, te ako KM
pruzi visoku dijagnosticku efektivnost uz prihvat-
liive troSkove, olaksace se njegova integracija u
zdravstvene sisteme Sirom sveta. Regulativni okviri
takode predstavljaju neizostavnu kariku, pruzajudi
jasne smernice i standarde za sigurnost i efikas-
nost KM. Informisanost pacijenata i edukativne
kampanje su od sustinske vaZnosti.. Konacno,
globalno prihvatanje zahtevace saradnju izmedu
razli¢itih zdravstvenih sistema, ukljuc¢ujuéi javne i
privatne ustanove. Ukoliko KM ispuni ocekivanja

u ovim klju¢nim oblastima, postoji potencijal da
postane globalni standard za rano otkrivanje raka
dojke. Medutim, dinamika i brzina prihvatanja za-
visi¢e od napretka u istraZzivanjima, obrazovanju,
ekonomskoj opravdanosti i saradnji izmedu razlici-
tih aktera u oblasti zdravstvene nege
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expected advances in several key aspects. First,
further technical development of CEM technology
is expected, including the improvement of the
algorithm for image processing, increase in
resolution and decrease in radiation dose. These
advances contribute to greater diagnostic accuracy
and improve the patients’ experience. The
expansion of indicationsis another key aspect. CEM
is expected to expand its application to different
types of pathological changes and specific groups
of patients, with adapted screening protocols in
specific populations. This would enable a wider
application of CEM in clinical practice. Education
and implementation will play a key role in the
wider use of CEM. It is necessary to ensure that
healthcare professionals, including radiologists,
technicians and medical staff are well trained in
the interpretation of CEM images and procedures
in case of contrast reactions.

If CEM were used as an alternative for MRI,
diagnostic practices, which rely significantly on
revenues gained from MRI, could face a significant
financial decline. In that context, cost effectiveness
is an important factor, and if CEM remains a more
economical option compared to other diagnostic
methods, it will increase its acceptability in
healthcare systems. On the other hand, CEM could
potentially provide a cost-effective additional
diagnostic option for subgroups of women, for
whom MRI is currently financially not accessible or
contraindicated for some reason, such as women
with an intermediate risk of breast malignancy,
thus potentially increasing the scope of screening
and diagnostics, and reducing additional costs.
Also, it is important to note in this segment that
CEM is a significantly faster method in terms of its
execution and interpretation, as well as that it has
lower costs in terms of purchase and maintenance
of equipment in comparison to MRI.

Further research and clinical studies will be
crucial to confirm the long-term effectiveness of
CEM, identify new indications and improve the
application protocols. Connecting with artificial
intelligence technologies also has the potential
to improve the interpretation of CEM images and
accelerate the procedure. In essence, the future of
CEM promises further advances in the detecting
of breast malignancy, offering advanced methods
with an increasing focus on precision, accuracy,
availability and patients’ comfort.

Conclusion

Expectations related to the global acceptance
of CEM as a standard in the detection of breast
malignancy depend on several key factors. First,
further clinical trials are key steps to confirm
the efficiency in the wider population. If CEM
demonstrates consistent diagnostic precision
and accuracy, as well as advantages compared to
current methods, its global acceptance will strongly
be supported. In addition, education and training
of health workers play a key role in the successful
introduction of CEM. Economic sustainability will
also be crucial, and therefore, if CEM shows high
diagnostic effectiveness with acceptable costs, its
integration into health systems around the world
will be facilitated. Regulatory frameworks are also
an indispensable link, providing clear guidelines
and standards for the safety and effectiveness
of CEM. Patients' awareness and educational
campaigns are essential. Finally, global acceptance
will require the cooperation between different
healthcare systems, including public and private
institutions. If CEM fulfills expectations in these
key areas, it has the potential to become the global
standard for the early detection of breast cancer.
However, dynamics and speed of acceptance will
depend on the progress in research, education,
economic justification and cooperation between
different actors in the field of healthcare.
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