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ABSTRACT

Aim: To assess the initial results of using 3 Tesla contrast-enhanced breast magnetic resonance imaging in Ukraine.

Materials and Methods: Our study included 498 diagnostic breast magnetic resonance imaging performed in Neuromed medical center in Kyiv, between March
2020 and December 2022. Patients were positioned prone, with breasts suspended in a dedicated 7-channel bilateral breast coil. MR-images were acquired
with the PHILIPS Achieva 3.0Tesla x-series scanner. All studies were made by standard protocol: localizer, morphological and dynamic studies were performed.
Results: Our study revealed a statistically significant increase in problem-solving contrast-enhanced breast magnetic resonance examinations compared to
other indications. Additionally, we observed a higher incidence of women with a greater amount of fibroglandular tissue (p-value<0.05).

Conclusions: The utilization of 3Tesla contrast-enhanced breast magnetic resonance imaging has become prevalent in Ukraine as a problem-solving tool for
inconclusive findings in ultrasound (US) or/and mammography (MG). It is particularly useful in preoperative local breast cancer staging for women with a
significant amount of fibroglandular breast tissue. However, the implementation of breast magnetic resonance imaging in Ukraine is in its nascent stages and
requires further investigation, especially in middle-income country settings.
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INTRODUCTION

Mammography (MG), ultrasound (US), and magnet-
ic resonance imaging (MRI) constitute the primary
methods for detecting breast cancer (BC) [1]. While
MG and US are widely utilized imaging modalities
in Ukraine, they may yield inconclusive results in
certain cases, necessitating further examination [2].
Contrast-enhanced (CE) breast MRI, owing to its high
sensitivity, serves as a valuable problem-solving tool
in diagnostically challenging scenarios where conven-
tional imaging falls short [2-6]. Furthermore, CE breast
MRI complements MG screening for women at high
risk of breast cancer [7-10].

Apart from its role as a problem-solving and high-
risk screening tool, primary indications for breast MRI
include preoperative staging of newly diagnosed BC
(for excluding additional ipsilateral and contralateral
cancer), assessing the effects of neoadjuvant che-
motherapy, evaluating breast implants, investigating
cancer of unknown primary localization, examining
suspicious nipple discharge, and screening following
breast-conserving surgery [11, 12].
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AIM

Our study aimed to evaluate the initial outcomes of
implementing 3T CE breast MRI in Ukraine.

MATERIALS AND METHODS

Our study encompassed 498 diagnostic breast MRIs
conducted at Neuromed Medical Center in Kyiv from
March 2020 to December 2022. Adhering to the prin-
ciples of the Helsinki Declaration, this retrospective
study posed no risks to patient safety or privacy. All
examinations were conducted subsequent to patients’
informed consent. To reduce background parenchymal
enhancement (BPE), contrast-enhanced (CE) breast
MRIs were specifically scheduled during the second
week of the menstrual cycle for premenopausal women.

Patients assumed a prone position, with their breasts
positioned in a dedicated 7-channel bilateral breast coil.
MRimages were acquired using a PHILIPS Achieva 3.0Tesla
x-series scanner,employing standard protocol for localizer,
morphological, and dynamic studies. Prior to scanning,
a venous catheter was inserted into the patient’s cubital
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Table 1. Assessment of Contrast-Enhanced Breast Magnetic Resonance Findings According to BI-RADS Fifth Edition

Mass Non-mass enhancement Focus Total, N2 487
BI-RADS-1 (0’8%) (0,(())%) (0,(())%) (9,498%)
BI-RADS-2 246 (50,5%) (3,17?%)) (o,g%) (5421,621/0)
BI-RADS-3 ( 4’231% ) (7’34?%) Q1 ,z%) (1 36:5%)
BI-RADS-4 47 (9,7%) (5,27?,/0) (0,8%) ( 57,2%)
BI-RADS-5 (3/157% ) (012%) (o,g%) (4,21?%))
BI-RADS-6 (2,131%) (o,g%) (0,8%) 3 1 150/0)

Fig. 1. Contrast-Enhanced Breast MRI Protocol. The scanning sequence started with Localizer and morphological sequences, followed by 6 series of
THRIVE dynamic scanning, concluding with a delayed high-resolution THRIVE series. The default overall scanning duration was 28.49 minutes; however,

for larger breasts, the scanning duration could extend by up to 10 minutes.

vein for the administration of the contrast agent (Gadovist)
during dynamic CE. The contrast agent was injected as a
bolus at a rate of 3 ml/s, followed by a 15ml saline flush
via an automated MEDRAD injection system.

After conducting a localizer scan, we performed the
following sequences:

- Amorphological axial T2-weighted sequence with aslice
thickness of 2mm and an acquisition time of 4.50 minutes.
Parameters included a field of view (FOV) of 337x210mm,
a repetition time (TR) of 4405 ms, an echo time (TE) of 120,
aflip angle (FA) of 90, and a scan matrix (SM) of 264x285.

- An axial short-tau inversion recovery (STIR) sequence
with a slice thickness of 4mm and an acquisition time
of 3.55 minutes. Parameters comprised an FOV of
337x210mm, a TR of 11024 ms, aTE of 60, an FA of 120,
and an inversion time (TI) of 230 ms.

- Coronal T2-weighted images with a slice thickness
of 2.5mm and an acquisition time of 4.25 minutes. Pa-
rameters involved an FOV of 300x303mm, a TR of 4405
ms, a TE of 120, an FA of 90, and an SM of 376x285.

- Sagittal right and left T2-weighted images with
a slice thickness of 3mm and an acquisition time of
3.10 minutes each. Parameters included an FOV of
240x240mm, a TR of 4757 ms, a TE of 120, an FA of 90,
and an SM of 300x227.
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The dynamic imaging utilized 3D T1-weighted
low-angle shot [T1 High Resolution Isotropic Volume
Excitation (THRIVE)] with the following parameters: TR/
TE 3.8 /2.0 ms, flip angle 12, acceleration factor SENSE
3; matrix, 336x342 (reconstruction — 640x640); field of
view, 330mm x 330mm; slice thickness, Tmm; and voxel
size, 0.5 x 0.5 x 0.1mm. Depending on the breast volume
and field of view, we obtained temporal acquisitions
lasting less than 1 minute.

Following 1 series of pre-contrast THRIEVE and 6 series
of THRIVE dynamic scanning lasting 4.08 minutes, we
conducted a delayed high-resolution THRIVE with a
slice thickness of 4.0mm and an acquisition time of 2.38
minutes. The default overall scanning time was 28.49
minutes; however, for larger breasts, the scan duration
could extend up to 10 minutes longer (Fig 1).

Post-processing of the acquired images included
subtraction series, MIP reconstruction, and construction
of dynamic curves based on the Kuhl classification.
These post-processed images were analyzed utilizing
the Extended MR Workspace R3.2.3 workstation [13].
Lesions were categorized based on the pattern of the
time-signal intensity curve and morphological ap-
pearance utilizing the Atlas BI-RADS fifth edition [1].
Data analysis was performed using Microsoft® Excel®
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Fig. 2. A female patient diagnosed with histologically confirmed invasive breast carcinoma G1 (NST) who underwent diagnostic contrast-enhanced
breast MRI to evaluate the local extent of the disease. The diagnostic MRI reveals a noncircumscribed, spiculated mass with washout and heterogeneous
internal enhancement situated in the upper-inner quadrant of the left breast. The images include an axial short-tau inversion recovery image (A), axial
T-2 image (B), coronal T-2 image (C), sagittal T-2 image (D), axial contrast-enhanced T-1fs THRIVE image (E), and axial T-1fs delayed high-resolution
THRIVE image (F). The malignant mass is consistently marked with a red arrow across all images.

LTSC MSO, and correlations between the groups were
assessed using the x2 test.

RESULTS
Our study included data from 498 breast MRI examina-
tions, consisting of 487 (97.8%) with contrast enhance-
ment (CE) and 11 (2.2%) without CE, solely for assessing
breast implants. The mean age of patients was 42.3 years
(ranging from 19 to 78 years). CE breast MRIs were cate-
gorized into six BI-RADS (Breast Imaging Reporting and
Data System) categories and eight examination indication
categories[1, 11, 12]. Among these, biopsy-proven breast
cancer (BI-RADS-6) accounted for 15 (3.0%) examinations,
while those showing high suspicion for malignancy (Bl-
RADS-5) were 20 (4.0%). Cases indicating suspicion for
malignancy (BI-RADS-4) totaled 75 (15.1%), probably
benign findings (BI-RADS-3) were observed in 65 (13.1%)
patients, benign findings (BI-RADS-2) in 264 (53.0%) ex-
aminations, and no pathological changes (BI-RADS-1) in
48 (9.6%) examinations. As mentioned earlier, 11 (2.2%)
examinations focused solely on implant evaluation, thus
BI-RADS assessment was not performed (Table 1).
Theidentified findings were categorized into three main
groups: mass, non-mass enhancement (NME), and focus.

The majority of CE breast MRIs exhibited solid and cystic
masses (246; 50.5%), predominantly displaying benign
characteristics and categorized as BI-RADS-2. However,
those with suspicious morphology or kinetic curve were
classified as suspicious for malignancy (BI-RADS-4; 47
cases) or highly suspicious with suspicions morphology
and kinetic curve (BI-RADS-5; 17 cases). Additionally, 11
cases were histologically confirmed as breast cancer and
were classified as BI-RADS-6 (Fig. 2). Solitary breast masses
displaying benign morphology but with type Il kinetic
curve (plateau) in patients with a family history of breast
cancer were categorized as BI-RADS-3 (21 cases) (Table 1).

We classified non-mass enhancement (NME) based
on pattern and distribution within the breast paren-
chyma. Linear and segmental NME distributions with
heterogeneous, clumped, or clustered ring internal
enhancements were categorized as suspicious (BI-
RADS-4 or BI-RADS-5) (Fig. 3). Focal NME without
corresponding findings on other modalities or breast
clinical examinations were considered probably benign,
with recommendations for a follow-up CE breast MRI
in 6 months. Multiple regions and diffuse distributions
with homogeneous internal enhancements were cat-
egorized as benign NME (Table 1).
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Fig. 3. A female patient presenting with bloody nipple discharge from the left breast underwent diagnostic contrast-enhanced breast MRI. The diag-
nostic MRI revealed suspicious heterogeneous segmental non-mass enhancement with a plateau dynamic curve in the upper-outer quadrant of the left
breast. Subsequent core-needle biopsy under ultrasound guidance confirmed ductal carcinoma in situ. The imaging series comprised an axial short-tau
inversion recovery image (A), axial T-2 image (B), coronal T-2 image (C), sagittal -2 image (D), axial contrast-enhanced T-1fs THRIVE image (E), and axial
T-1fs delayed high-resolution THRIVE image (F). The segmental non-mass enhancement was consistently demarcated with a red oval across all images.

Solitary focuses (<5 mm) without corresponding
findings in morphological sequences and type Il (pla-
teau) and Il (washout) kinetic curves were assessed as
BI-RADS-3, with recommendations for a short interval
(6 months) follow-up examination. Multiple bilateral
focuses were categorized as background parenchymal
enhancement (BPE) with BI-RADS-1 (Table 1).

All examinations adhered to structured reporting in
accordance with BI-RADS Atlas recommendations. This
involved comprehensive documentation encompass-
ing the indication for examination, details of the MRI
technique, a concise depiction of overall breast com-
position including the extent of fibroglandular tissue
(FGT) and background parenchymal enhancement
(BPE), a thorough description of important findings,
a comparative analysis with previous examinations,
and a comprehensive assessment guiding subsequent
management decisions [1].

In most cases, the amount of fibroglandular tissue
(FGT) on T1W fat-saturated images was heterogeneous
(278; 57.2%) (Fig. 4), and the level of background paren-
chymal enhancement (BPE) was predominantly mild (Fig.
5). A statistically significant number of CE breast MRls
were performed for women with heterogeneous and ex-
treme FGT compared to women with almost entirely fat
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breasts and scattered FGT (p-value <0.05). Additionally, a
significant proportion of BPE was observed to be minimal
and mild in comparison with moderate and marked BPE,
indicative of the appropriate timing of the study (second
week of the menstrual cycle) (p-value <0.05).

The most common indication for CE breast MRI was
problem-solving (352; 70.8%) for inconclusive findings
on breast ultrasound or mammography, followed by
preoperative breast MRI (68; 13.7%) for local breast
cancer staging. The least number of breast MRIs were
performed for detecting cancer of unknown primary
localization (8; 1.6%) and non-contrast studies for breast
implant evaluation only (11; 2.2%) (Table 2). A statisti-
cally significant higher number of problem-solving CE
breast MRIs were noted compared to all other indica-
tions for examination (p-value <0.05).

DISCUSSION

Theintroduction of 3T CE breast MRl in Ukrainian breast
imaging represents a novel diagnostic approach. No-
tably, we didn't discover any prior publications from
Ukraine documenting the utilization of such technol-
ogy in breast imaging. Given that breast MRI stands as
the most sensitive diagnostic tool for detecting breast
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Fig. 4. Amount of fibroglandular tissue in patients which underwent contrast-enhanced breast magnetic resonance imaging according to BI-RADS fifth edition.

Fig. 5. Level of background enhancement of fibroglandular breast parenchyma in patients which underwent contrast-enhanced breast MRI according

to BI-RADS fifth edition.

cancer, we embarked on analyzing our initial experience
employing this imaging modality [14-18].

Our study unveiled that the primary indication for CE
breast MRI was problem-solving, aligning with existing
research demonstrating the efficacy of breast MRl in ex-
cluding malignancy when conventional breastimaging

results are inconclusive [19-21]. Subsequently, the sec-
ond most frequent indication was preoperative BC local
staging. This finding resonates with studies indicating
that preoperative breast MRI can identify additional
disease in the ipsilateral breast in 20.0% of cases and
in the contralateral breast in 5.5%, potentially reducing
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Table 2. Indications for Breast MR Examinations in Our Study
Indications for breast MRI, N2 487 (100%)
352 (70,8%)

Problem-solving

Preoperative 68 (13,7%)

Screening after breast conserving surgery 17 (3,4%)
Monitoring of neoadjuvant chemotherapy 16 (3,2%)
Evaluation of nipple discharge 14 (2,8%)
High-risk screening 12 (2,4%)

Implant evaluation (non-contrast) 11 (2,2%)
Cancer of unknown primary localization 8(1,6%)

reoperation rates by 3.0% while possibly increasing
mastectomy rates by 11.0% [22-23].

Presently, MRI assumes a critical role in breast cancer
screening among high-risk women, as wellas mammogra-
phy [24-26]. Despite the absence of a National BC screening
programin Ukraine, conventional breastimaging methods,
as previously mentioned in our studies, are widely utilized
[27-30]. Consequently, one of the indications for CE breast
MRI in our study involved high-risk screening for patients
with BRCA1/2 mutations or a lifetime risk of BC develop-
ment exceeding 20% based on genetic predisposition or
family history, accounting for 2.4% of all our examinations.

Consistent with prior research and international
recommendations, our utilization of CE breast MRI

extended to detecting cancer of unknown primary
localization, screening post-breast-conserving surgery,
monitoring neoadjuvant chemotherapy effectiveness,
evaluating patients with nipple discharge following
conventional imaging, and conducting non-contrast
studies forimplant evaluation [31-35]. Notably, both 3T
and 1.5T breast MRI systems exhibit comparable high
diagnostic performance for breast cancer detection,
with sensitivity and specificity values reflecting similar
trends between the two systems [36].

However, a notable limitation in our setting, both at the
national level and within our medical center, pertained
to the unavailability of technical resources and requisite
software for MR-guided biopsies. Furthermore, our study’s
limitations included its retrospective, single-institution
design, interpretation of images by a single radiologist,
and the absence of ongoing patient monitoring, although
this was not the study’s intended focus.

CONCLUSIONS

In summary, we can conclude that 3T CE breast MRl is
widely used in Ukraine as a problem-solving tool for
inconclusive findings in ultrasound or mammaography,
followed by preoperative local BC staging in women
with a significantamount of fibroglandular breast tissue.
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