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Abstract
Objective  To investigate the utility of ultrafast dynamic-contrast-enhanced (DCE) MRI in visualization and quantitative 
characterization of pregnancy-associated breast cancer (PABC) and its differentiation from background-parenchymal-
enhancement (BPE) among lactating patients.
Materials and methods  Twenty-nine lactating participants, including 10 PABC patients and 19 healthy controls, were scanned 
on 3-T MRI using a conventional DCE protocol interleaved with a golden-angle radial sparse parallel (GRASP) ultrafast 
sequence for the initial phase. The timing of the visualization of PABC lesions was compared to lactational BPE. Contrast-
noise ratio (CNR) was compared between the ultrafast and conventional DCE sequences. The differences in each group’s 
ultrafast-derived kinetic parameters including maximal slope (MS), time to enhancement (TTE), and area under the curve 
(AUC) were statistically examined using the Mann–Whitney test and receiver operator characteristic (ROC) curve analysis.
Results  On ultrafast MRI, breast cancer lesions enhanced earlier than BPE (p < 0.0001), enabling breast cancer visualization 
freed from lactation BPE. A higher CNR was found for ultrafast acquisitions vs. conventional DCE (p < 0.05). Significant 
differences in AUC, MS, and TTE values were found between the tumor and BPE (p < 0.05), with ROC-derived AUC of 
0.86 ± 0.06, 0.82 ± 0.07, and 0.68 ± 0.08, respectively. The BPE grades of the lactating PABC patients were reduced as 
compared with the healthy lactating controls (p < 0.005).
Conclusion  Ultrafast DCE MRI allows BPE-free visualization of lesions, improved tumor conspicuity, and kinetic quantification 
of breast cancer during lactation. Implementation of this method may assist in the utilization of breast MRI for lactating patients.
Clinical relevance  The ultrafast sequence appears to be superior to conventional DCE MRI in the challenging evaluation of the lactating 
breast. Thus, supporting its possible utilization in the setting of high-risk screening during lactation and the diagnostic workup of PABC.
Key Points 
• Differences in the enhancement slope of cancer relative to BPE allowed the optimal visualization of PABC lesions on mid-

acquisitions of ultrafast DCE, in which the tumor enhanced prior to the background parenchyma.
• The conspicuity of PABC lesions on top of the lactation-related BPE was increased using an ultrafast sequence as com-

pared with conventional DCE MRI.
• Ultrafast-derived maps provided further characterization and parametric contrast between PABC lesions and lactation-

related BPE.
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with a poor prognosis [5]. In the wake of the marked BPE 
associated with lactation, the utilization of breast MRI has 
been debated [6–8]. Several preliminary MRI studies have 
suggested that PABC lesions could be detected despite the 
marked BPE [9–14], including a recent study that reported 
93% sensitivity of breast MRI during lactation [14]. Lacta-
tion-related BPE has been found to reduce tumor conspicu-
ity by up to 60% [13] and is further associated with false-
positive flagging by computer-aided diagnosis (CAD) [15].

In recent years, the emergence of compressed sensing 
MRI has prompted the development of new accelerated pulse 
sequences [16]. Implementation of sparse techniques for 
breast MRI has led to the introduction of ultrafast DCE [17, 
18]. This approach has improved the temporal resolution by a 
factor of ten, allowing the acquisition of sequential fast DCE 
images in the first-minute post-contrast and the quantification 
of the wash-in kinetics. Initial breast ultrafast MRI studies 
have reported promising results in discriminating benign from 
malignant breast lesions, prognostication of breast cancer, and 
monitoring response to chemotherapy [19–31].

Breast cancer tends to exhibit a fast wash-in slope on the 
initial ultrafast acquisitions and BPE usually demonstrates a 
slow early enhancement slope, followed by a persistent delayed 
enhancement [32]. Considering these features, we hypothesize 
that the ultrafast sequence might therefore be particularly suita-
ble for the challenges posed by the lactating breast and improve 
the contrast between PABC and lactation-related BPE. In this 
study, our initial experience with ultrafast MRI of lactating 
patients is presented, focusing on the visualization of PABC 
and lactation-related BPE compared with a conventional DCE 
sequence, as well as on their quantitative characterization via 
ultrafast-derived kinetic parametric mapping.

Materials and methods

Patients

The study was approved by our institutional Internal Review 
Board and the necessity to acquire a signed informed con-
sent was waived due to the retrospective nature of the study. 
The study population was comprised of 29 lactating exami-
nees, including 10 PABC patients (median age: 35 years, 
range: 27–42) and 19 healthy lactating controls (median age: 
37 years, range: 28–42), whose MRI was clinically indicated 
regardless of the study. All scans were performed between 
August 2021 and June 2022 using our newly-adopted clinical 
protocol with an embedded ultrafast sequence. All PABC 
patients had newly diagnosed, biopsy-confirmed breast can-
cer and were scanned for pre-treatment evaluation. PABCs 
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Introduction

The lactating breast is characterized by unique physiological 
and morphological characteristics, which generate a diagnostic 
challenge from both clinical and radiological perspectives [1]. 
At the beginning of pregnancy, the mammary gland increases 
substantially in size and develops a greater proportion of glan-
dular tissue. This increases the mammographic density of the 
breast, which in turn, reduces the sensitivity of mammography 
in the detection of lesions [2]. In addition, as a result of the 
increased metabolic demand of breastfeeding, the lactating 
breast develops an abundant vascular network [3], which typi-
cally presents as a marked background parenchymal enhance-
ment (BPE) on dynamic contrast-enhanced (DCE) MRI [4].

Pregnancy-associated breast cancer (PABC) is defined as 
breast cancer diagnosed during pregnancy, in the first post-
partum year, or at any time during lactation. The diagnosis 
of PABC is often delayed, and therefore, it is associated 
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included invasive ductal carcinoma (IDC) (mean lesion size 
of 3.4 ± 2.2 cm, range: 0.7–7.5 cm). All controls were BRCA 
carriers scanned for annual high-risk surveillance.

MRI technique

All scans were performed on a 3-T MRI scanner (MAG-
NETOM Vida; Siemens Healthcare) with a dedicated 16-chan-
nel bilateral breast coil. The MRI protocol included a Dixon 
T2-weighted acquisition followed by two dynamic series. 
This included a conventional high-resolution T1-weighted 
before and four times after contrast administration, inter-
leaved with a series of 11 ultrafast acquisitions acquired con-
tinuously during the first minute of contrast media inflow. 
Automatic injection of contrast agent bolus (0.1 mL/kg at 
2 mL/s Dotarem (gadoterate meglumine)) was used followed 
by a 20-mL saline flush. The ultrafast protocol was based on 
the golden-angle radial sparse parallel (GRASP) technique 
[33, 34] with a compressed sensing reconstruction, using 
the following parameters: Repetition time/ echo time (TR/
TE) = 3.6/1.55 ms, flip angle = 12°, bandwidth = 590 Hz, field 
of view (FOV) = 340 mm and matrix = 256 × 256, yielding a 
spatial resolution of 1.3 × 1.3 mm and 144 slices of 1.5 mm 
thickness. The temporal resolution was 6.1 s per acquisition 
and the total acquisition time was 71 s. The conventional 
dynamic series were based on spectral attenuated inversion 
recovery (SPAIR) and acquired with the following parame-
ters: TR/TE = 5/1.38 ms, flip angle = 10°, bandwidth = 770 Hz, 
matrix = 352 × 316 and FOV = 360 mm yielding a spatial reso-
lution of 1 × 1 mm and 144 slices of 1.5 mm. The total acqui-
sition time was 4:30 min, which is almost equivalent to the 
standard clinical protocol for breast MRI [26].

Image analysis

Two reporting radiologists, N.N. and M.S.L., with 11 and 
24 years of experience in breast MRI read the scans by con-
sensus. Regions of interest (ROIs) of the tumor were manu-
ally delineated on three central axial slices to measure the 
signal intensity (SI) at each time point, excluding the clip 
marker and apparent necrotic tissue, using commercial PACS 
(picture archiving and communication system) workstation. 
The earliest time point at which the tumor was visualized 
was determined objectively based on the scan in which the 

increment in SI in the tumor’s ROI exceeded a 30% increase 
compared with the pre-injection T1-weighted image. This 
threshold was fixed in accordance with the previous report 
which stated that it provided the highest sensitivity and cor-
relation with pathological tumor size [35]. In addition to the 
tumor’s ROI, due to the heterogeneous BPE distribution, two 
reference ROIs of the healthy contralateral fibroglandular tis-
sue were measured: ROINormal, presented in the reciprocal 
area of the same slice of the contralateral breast and ROIMax, 
delineated in the contralateral breast, not necessarily in the 
same slice, but where the BPE appeared most marked. Tumor 
conspicuity was determined using contrast-noise ratio (CNR) 
analysis [36], using two sets of CNR measures: CNRNormal 
and CNRMax, respectively. Finally, using prototype software 
(MR DCE; Siemens Healthcare), the GRASP datasets were 
processed to derive color-coded parametric maps time to 
enhancement (TTE), maximum slope (MS), and the area 
under the relative enhancement curve (AUC) for the initial 
60 s after enhancement onset [19]. A summary of the analysis 
type for each group of patients is given in Table 1.

Statistical analysis

The first volume of the ultrafast acquisition, in which the 
tumor and BPEMax exceeded the threshold of 30%, was 
determined for each patient individually and compared 
using a paired two-way Student’s t-test. For each patient, 
the highest CNR in each sequence served as the compari-
son for tumor conspicuity between ultrafast and conven-
tional DCE sequences. For CNR analysis, the mean and 
standard deviation (SD) values were measured for each 
temporal DCE time point, yielding sequential column 
plots (GraphPad Prism 5.03). The Mann–Whitney test was 
applied for evaluating differences in BPE grades (recorded 
in the original MRI report) between groups of healthy lac-
tating and PABC patients. Additionally, this test was also 
used for evaluating differences between ultrafast-derived 
parameters among PABC and healthy lactating controls for 
the two ROIs. The Wilcoxon test was applied for evaluat-
ing intra—individual differences between ultrafast-derived 
parameters of PABC patients. The receiver operating char-
acteristic (ROC) curve was used to test the utility of the 
ultrafast kinetic parameters to differentiate between tumor 

Table 1   Analysis type per group and number of patients

Group Number of patients Analysis

PABC n = 10 Time to visualization and CNR
PABC n = 10 Quantitative ultrafast kinetic parameters in tumor and BPE (TTE, MS, AUC)
PABC vs. controls n = 29 Quantitative BPE ultrafast kinetic parameters (TTE, MS, AUC) and grades 

in PABC patients vs. lactating controls
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and BPE measurements. Statistical analysis was performed 
using R (R Core Team. R: A language and environment for 
statistical computing. R Foundation for Statistical Comput-
ing, 2020). Statistical significance was defined as p < 0.05.

Results

Visualization of breast cancer and lactation BPE 
using ultrafast DCE

Inspection of the SI kinetics of the tumor and lactating 
parenchyma showed that PABC lesions enhanced at least 
one acquisition prior to the presence of BPE (p < 0.0001), 
enabling breast cancer visualization freed from lactation 
BPE. The typical SI buildup was as follows – the first signal 
intensity (SI) increment was observed in the right ventricle 
of the heart, followed by uptake in the left ventricle, reflect-
ing the surge of systemic contrast spread. Immediately after-
wards, between the 4th to 7th (24–42 s) acquisitions, the first 
SI uptake was noticed in the breast cancer region, while no 
SI uptake was noticed in the healthy surrounding lactating 
breast parenchyma. BPE was initially observed between the 
5th and the 8th (30–48 s) acquisitions, in which the tumor was 
expressing continuous SI uptake. Until the 10th acquisition, 
both cancer and BPE exhibited a steady wash-in. Despite the 

variations and overlap between different patients, on the intra-
subject basis, the cancer preceded the BPE in at least one 
acquisition, in all cases. A representative case of the ultrafast 
DCE of a PABC patient is provided in Fig. 1, highlighting the 
gradual SI kinetic distribution in cancer and BPE.

Overall, early visualization of breast malignancies by ultra-
fast DCE MRI of the breast, which was defined as a SI minimal 
increment of 30%, was apparent in all PABC patients (n = 10): 
2/10 tumors were initially visible on the 4th acquisition (24 s), 
5/10 on the 5th acquisition (30 s), 2/10 on the 6th acquisition 
(36 s) and 1/10 on the 7th acquisition (42 s). Three representa-
tive cases of ultrafast and conventional DCE images of lactating 
patients are provided in Fig. 2, demonstrating early visualiza-
tion of breast cancer on ultrafast DCE with minimal BPE, as 
compared with the marked BPE in delayed acquisitions.

Tumor conspicuity with ultrafast and conventional 
DCE

CNR calculation on two ROIs, with normal and maximal 
BPE as references, revealed that the average tumor conspi-
cuity on both analyses has gradually increased until reach-
ing the highest values on the 6th ultrafast acquisition after 
approximately 36 s post-contrast (CNRNormal = 2.24 ± 1.19, 
and CNRMax = 1.64 ± 1.19). A diagram of the CNR analyses 
per acquisition is provided in Fig. 3. Overall, in 8/10 PABC 

Fig. 1   Ultrafast and conventional DCE of PABC patient. Consecutive 
acquisitions of ultrafast (n = 10) and conventional (n = 4) DCE MRI 
of a representative lactating PABC patient are shown. On ultrafast, 
SI increase in the right and left of the heart, without breast enhance-
ment are demonstrated in the first five acquisitions. In the sixth acqui-
sition, contrast enhancement in the breast is solely identified in the 

breast cancer lesion (arrow) on the right breast, without surrounding 
BPE. Subsequently, on the 6th to 10th ultrafast acquisitions, a gradual 
increase in SI in both the tumor, as well as the surrounding lactating 
parenchyma is exhibited. Thereafter, on conventional DCE, marked 
BPE is demonstrated in both breasts, decreasing the conspicuity of 
the PABC lesion



8126	 European Radiology (2023) 33:8122–8131

1 3

cases, ultrafast acquisitions were able to provide superior 
tumor prominence as compared with the measurements on 
the conventional DCE images (p < 0.05).

Ultrafast kinetic parameters in tumor and BPE

A comparison of the three ultrafast-derived kinetic param-
eters, MS, TTE, and AUC, revealed significant differences 

between the tumor and the two BPE references, BPENormal 
and BPEMax. Two representative cases with ultrafast para-
metric maps are given in Fig. 4 and Fig. 5, highlighting the 
parametric contrasts between the two types of enhancing 
processes. The complete ultrafast kinetic parameters are 
summarized in Table 2. Receiver operating characteristic 
curve analysis of the properties of the tumor and the healthy 
lactating parenchyma achieved the following results: For 

Fig. 2   Early visualization 
of PABC on ultrafast DCE. 
Subtracted DCE MR images 
of the 5th ultrafast acquisition 
(left-sided) and the respective 
1st conventional acquisition 
(right-sided) of three represent-
ative lactating PABC patients 
are shown. On ultrafast, the 
PABC lesion is clearly visual-
ized on the early acquisition (a, 
c, e), with mild (a) and minimal 
(c, e) surrounding BPE. On 
conventional DCE, however, 
the tumors are visualized on 
top of marked surrounding BPE 
(b, d, f), which reduces their 
conspicuity

Fig. 3   CNR charts of ultrafast and conventional DCE. Column charts 
with average ± standard deviation of CNR measurements using ultra-
fast and conventional DCE are presented. Each column represents 
measurements in each of the time points of ultrafast and DCE acqui-
sitions. CNRnormal and CNRmax were measured based on PABC 

datasets (n = 10) using the normal reciprocal contralateral BPE (left-
sided) or the highest contralateral BPE (right-sided), respectively. On 
both CNRnormal and CNRmax measurements, the uppermost tumor 
conspicuity was attained on the 6th acquisition of ultrafast DCE
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the AUC parameter, the obtained AUC was 0.86 ± 0.06 
(95% confidence interval (CI) 0.74 to 0.98), with a thresh-
old > 51.30 reaching a sensitivity of 80% and a specificity 
of 77.8%. For the MS parameter, the obtained AUC was 
0.82 ± 0.07 (95% CI 0.69 to 0.95), with a threshold > 681.6 
[units/s] reaching a sensitivity of 80% and a specificity 
of 74.4%. For the TTE parameter, the obtained AUC was 
0.68 ± 0.08 (95% CI 0.52 to 0.83), with a threshold < 20.6 s 
reaching a sensitivity of 70% and a specificity of 64.4%.

BPE grades and ultrafast kinetic parameters in PABC 
patients vs. lactating controls

A comparison of the BPE grades for the lactating PABC patients 
and the healthy lactating controls showed a significant reduction 
among the former (2.87 ± 0.28 vs. 2.10 ± 0.84, p < 0.005). Moreo-
ver, significant differences in MS (p < 0.05) and TTE (p < 0.005) 
values were found among healthy controls and the cancer-free, 
contralateral breast of PABC patients based on measurements 

on the BPEMax ROIs, whereas differences in AUC and ROINormal 
parameters did not reach statistical significance.

Discussion

In this study, we share our initial experience with the appli-
cation of ultrafast DCE for breast MRI during lactation. In 
this setting, we encountered simultaneous intensely enhanc-
ing pathological and physiological processes (the tumor 
and the surrounding BPE) that affect the breast in PABC 
patients and create a diagnostic challenge for conventional 
DCE MRI. Yet, our preliminary results demonstrate how the 
high temporal resolution of the ultrafast sequence could be 
exploited to display improved contrast between the tumor 
and the lactation-associated BPE, based on differences in 
their enhancement kinetics.

Ultrafast DCE dedicated to breast imaging was origi-
nally published in 2014 by Mann et al using time-resolved 

Fig. 4   Ultrafast parametric maps of lactating PABC patient. Paramet-
ric maps of a representative 36-year-old lactating PABC patient with 
a 2.0 cm grade 3 IDC are presented. All three ultrafast-derived maps 
of the parameters AUC, MS, and TTE exhibit excellent parametric 

contrast between the lesion and the surrounding BPE. Graphs of the 
enhancement kinetics of the tumor and BPENormal are also presented, 
exhibiting differences in the contrast enhancement of the slopes 
between the two entities
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angiography with a stochastic trajectory (TWIST) sequence 
[17]. This technique relies on exploiting sparsely under-
sampled k-space in peripheral regions, while continuously 
sampling the k-space center to enable high temporal resolu-
tion with preserved spatial resolution [16]. The application 
of TWIST allowed the acquisition of rapid post-contrast 
T1-weighted images, with a temporal resolution of approxi-
mately 6 s [37]. Tracking and post-processing of the SI 
graph throughout the sequential ultrafast time points have 

led to the development of parametric maps that quantify 
wash-in properties. Initially, the MS parameter (percent per 
second), which represents the slope of the relative enhance-
ment versus the time curve and reflects how rapidly a lesion 
enhances, provided discrimination between benign and 
malignant disease with high accuracy [17]. Later, the TTE 
parameter, measured from the time of aortic enhancement 
and reflects how early a lesion enhances, was derived and 
showed equivalent diagnostic ability [20, 27]. Finally, the 

Fig. 5   Ultrafast parametric maps of lactating PABC patient. Para-
metric maps of 35 years old lactating PABC patients with multi-focal 
IDC are presented. All three ultrafast-derived maps of the parameters 
AUC, MS, and TTE exhibit excellent parametric contrast between the 

lesion and the surrounding BPE. Graphs of the enhancement kinetics 
of the tumor and BPENormal are also presented, exhibiting differences 
in the contrast enhancement slopes between the two entities

Table 2   Ultrafast DCE-derived kinetic parameters of tumor and BPE in PABC patients and healthy lactating controls

Mean ± SD ultrafast DCE-derived kinetic parameters of AUC, MS, and TTE of the tumor and BPE among PABC patients (n = 10) and healthy 
lactating patients (n = 19) are presented. Tumors parameters were intra-individually compared vs. the contralateral BPE parameters. A second 
comparison was between the BPE parameters of the PABC group vs. controls. Note: Significant differences were found in the three parameters 
between the tumor and the two contralateral BPE parameters. Interestingly, when comparing the BPE properties in the normal contralateral 
breast of the PABC cohort vs. the measurements in the healthy lactating controls, a significant reduction in MS and increase in TTE were found 
for the BPEmax in the PABC group, suggesting a possible vascular steal phenomenon in the former cohort. *p < 0.05, **p < 0.01, ***p < 0.0005

PABC patients Healthy lactating controls

Tumor Contralateral BPENormal Contralateral BPEMax BPENormal BPEMax

AUC​ 95.7 ± 47.2 22.4 ± 27.2*** 36.4 ± 31.8*** 26.0 ± 24.1 50.0 ± 22.8
MS (sec) 979.3 ± 416.4 325.8 ± 216.3** 444.8 ± 258.1** 397.6 ± 309.4 666.9 ± 284.5*
TTE (%/sec) 19.9 ± 4.0 31.4 ± 9.5* 27.9 ± 9.8* 24.9 ± 9.6 21.2 ± 4.2**
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AUC parameter, defined as the initial area under the contrast 
enhancement vs. time curve [38], was also demonstrated to 
be useful in differentiating between benign and malignant 
breast lesions.

In this study, we utilized the unique advantages of ultra-
fast DCE MRI in order to manage the challenges posed 
by lactation-related BPE. For this purpose, we employed 
the GRASP ultrafast DCE-MRI technique, a comparable 
method to TWIST, which utilizes compressed sensing and 
parallel imaging to acquire simultaneous high spatial and 
temporal resolution with robustness to respiratory motion 
and flow [39, 40]. Previous investigations have reported an 
improvement in tumor conspicuity in breast cancer patients 
with moderate to marked BPE by using an ultrafast protocol 
[24, 38]. Indeed, our findings suggest that ultrafast acquisi-
tions could differentiate these two enhancing entities, based 
on differences in their kinetic behavior. We also found inter-
individual differences in the wash-in kinetics, and therefore 
there was not a single, crucial time point, but rather several 
periods in which the tumor visibility could be optimal. We 
noticed that PABC lesions begin to enhance one acquisition 
prior to the BPE. This short period permits a temporary 
window for lesion visualization, absent any interference 
from the BPE. Hence, this time point, in which the tumor 
is vividly enhancing and the BPE is only mild, is optimal 
for tumor visualization. Furthermore, ultrafast-derived 
parametric maps were found to be useful in distinguishing 
PABC lesions from BPE, including a comparison of regions 
in which the BPE was highest, BPEMax. The most efficient 
discriminating parameter was AUC, followed by MS and 
TTE. Therefore, the implementation of these research tools 
in the routine reading sequences might be beneficial for 
radiologists to facilitate the interpretation of breast MRI of 
the lactating patient.

Interestingly, when comparing the BPE properties of 
the lactating breast cancer patients to the healthy lactat-
ing controls, significant differences were found. The BPE 
grade was closer to moderate among PABC patients, as 
compared with the almost exclusively marked BPE among 
the controls. As expected, significant differences were 
also found for the ultrafast-derived parameters of AUC 
and MS between the healthy lactating tissues in these two 
groups. This trend may minimize the interference of lacta-
tion-related BPE on tumor visibility in PABC patients. A 
possible explanation for this might be the “vascular steal 
phenomenon,” in which the tumor’s microenvironment 
“steals” the organ’s normal vascular supply—a mechanism 
that has been described for several malignancies [41–43]. 
Similarly, a parallel observation has been reported in stud-
ies of 18-fluorine fluorodeoxyglucose (FDG), a glucose 
analogue uptake on positron-emitted tomography (PET). 
Reduced values have been measured in the contralateral, 
tumor-free breast tissue of patients with malignant breast 

tumors compared with that of patients with benign breast 
lesions [44]. Strikingly, reduced FDG uptake in both 
breasts among lactating breast cancer patients has been 
observed compared with lactating patients with active, 
non-breast malignancy. Similarly, this phenomenon has 
enabled the prompt visualization of PABC lesions in PET, 
on top of the diminished background parenchymal uptake 
(BPU) [45].

To date, ultrasound continues to serve as the first-line 
breast imaging modality in lactating patients [1], whereas 
the utility of mammography is relatively limited due to the 
high parenchymal density [7]. In pursuit of alternatives 
to DCE-MRI, unenhanced MRI, in the form of diffusion-
weighted imaging (DWI) sequences [46], has been applied 
for the characterization of breast tissue in healthy lactat-
ing volunteers [47–51], as well as PABC patients [13, 52], 
showing promising results in detecting breast cancer among 
this challenging population. Nevertheless, reports from 
several research groups suggested that conventional DCE 
MRI might be useful during lactation [9–14]. Our results in 
the characterization of known PABC lesions propose that 
the application of ultrafast DCE may further facilitate the 
utilization of breast MRI during lactation for pretreatment 
assessment; however, it remains to be studied whether this 
technique would be beneficial in the setting of screening.

Several limitations of this study should be noted. Due to 
the infrequency of this population, the number of participants, 
and in particular, PABC patients, was small. Clearly, a greater 
sample size is required in order to specifically evaluate the 
diagnostic accuracy of ultrafast DCE among the lactating pop-
ulation, as well as to investigate for differences in enhancement 
kinetics arising from pathological markers, that may explain 
inter-individual variability we encountered. Furthermore, 
under-sampled radial acquisitions are prone to suboptimal 
image quality, in the form of ‘streak’ artifacts and reduced 
signal–noise-ratio [53]. This technique, as well as the paramet-
ric mapping software, are part of a work in progress and might 
benefit from technical developments in the near future [54].

In conclusion, ultrafast DCE MRI provided BPE-free 
visualization, improved tumor conspicuity, and quantitative, 
kinetic characterization of breast cancer in lactating patients. 
Continuous technical advances and clinical implementation 
of this method may enable radiologists to overcome BPE-
related limitations of breast MRI and perform these scans 
during lactation.
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