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1.Introduction
Breast cancer is the second fatal cancer after lung cancer in women
(1). Mammography (MG) is currently the most effective method used in
breast cancer screening (2). However, breast cancer is still one of the most
important health problems, despite mammographic screening programs
and technical advances in mammography for more than 30 years. Studies
have shown lower sensitivity of mammography which is about 70-85%
(2,3). The most important reasons of the low sensitivity of mammography
are dense breast structure, and inability to detect biologically aggressive
tumors (4). A screening program should have as much as possible
contributing to the patient survival and ability to detecting biologically
important tumors. Most of the criticisms made about mammography on
breast cancer screening are on these topics (5). Several imaging modalities
used in detecting the breast cancer in daily practice sech as digital breast
tomosynthesis (DBT), ultrasound (US), and magnetic resonance imaging
(MRI). DBT was predicted to be beneficial particularly in dense breasts
however, the contribution was less than expected with an average 1.2 per
1000 patients (6). Ultrasonography, and fully automatic breast US are
useful in the diagnosis of breast cancer in women with dense breast
structure, however the limitations are longer examination time, lower
sensitivity, and higher rates of unnecessary biopsies (7). Moreover, the
detection rate of additional cancer is moderate as many published studies
have shown the rate as approximately 2–4.4/1000 in examined women (79). Breast MRI has been shown to be the most sensitive imaging modality
for the detection of breast cancer (both invasive, and ductal carcinoma in
situ) (10-12). MRI is not eﬀected by breast density as MG, and relies on
contrast enhancement, so can detect more biologically relevant cancers due
to angiogenic activity (4). Due to these advantages, MRI is used as a
standard method with MG in screening high-risk patients.
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The standard full diagnostic protocol (FDP) of breast MRI consists
of multiple sequences before and after contrast enhancement with and
without fat suppression with examination time ranging from 20-60
minutes. The abbreviated protocols (AP) reduce the interpretation time of
the images, and the cost due to shorter imaging time (11). Therefore, AP
breast MRI has recently been investigated as a supplemental screening
method for women in high and average risk groups.
In the present review the different AP breast MRI protocols used for
screening in high and average risk of breast cancer, and the superiority and
limitations of the procedure will be studied, and future possible application
areas will be discussed.
2.Literature Review
Kuhl and colleagues were the first group who explored the use of
AP breast MRI in 2014 (12). They investigated whether AP was suitable
for breast MRI screening, and compared the procedure with FDP. 443
women at mild to moderately increased risk of breast cancer, and 606
screening MRI examinations were evaluated in the study. AP consisted of
a single pre-contrast, first post-contrast T1 weighted sequence with the
substracted and a single maximum-intensity projection (MIP) images.
First, the MIP images were evaluated for significant contrast enhancement
by two experienced and blinded radiologists. Then, the substracted images,
and FDP were evaluated, and the evaluation time of each section was
separately noted. Similar rate of cancer detection, similar sensitivity,
specificity and PPV were found with the AP for screening of women with
dense breast. This study showed that MRI acquisition time (3 min versus
17 min), and interpretation time (28 sec versus 2-4 min) might be
substantially reduced with the AP without affecting the cancer yield, and
the diagnostic accuracy.
In 2015, Mango et al. published a study which investigated whether
so many sequences were needed to detect breast cancer (13). MRI images
of 100 breast cancer patients were retrospectively evaluated by four
radiologists. The AP consisted of only one pre-contrast and one postcontrast T1 weighted sequence. Post-processed subtracted first postcontrast and subtraction maximum intensity projection images were also
obtained. They found no significant difference between the sensitivities
within each sequence among four readers.
Heacock et al. evaluated the efficacy of the T2-weighted sequence
added to AP in a study published in 2016 that included 107 patients who
were retrospectively diagnosed with breast cancer (14). AP included the
pre-contrast, and post-contrast T1 weighted sequences with subtracted
images. Three breast radiologists separately evaluated the images.
Protocols designed into 3 groups as AP1; T1-weighted non-contrast, post56

contrast and post-contrast subtracted images, AP2; T1-weighted images
with clinical history and prior imaging, and AP3; T1-weighted images and
T2-weighted images with clinical history and prior imaging. Cancer
detection percentages were 97.8%, 99.4%, and 99.4%, respectively. This
study showed that the addition of T2 sequence provided no statistically
significant difference however, increased the lesion visibility.
Grimm et al. published another feasibility study to compare the
performance of two different AP (AP-1 and AP-2), and FDP for breast
cancer screening in the high-risk group (15). They retrospectively
evaluated forty-eight breast MRIs [24 normal, 12 benign, and 12 malignant
(8 IDC, 1 ILC, and 3 DCIS)]. The period between the short and long
protocol evaluation was one month, and 3 experienced radiologists
performed the evaluation. AP-1 included fat saturated pre-contrast T2weighted, pre-contrast T1-weighted, and first pass T1-weighted postcontrast sequences and AP-2 included the abbreviated 1 protocol plus the
second pass T1-weighted post-contrast sequence. There was no statistically
significant difference between sensitivity, and specificity of FDP, AP-1,
and AP-2. Overall sensitivity was 86% for AP 1, 89% for AP 2, and 95%
for FDP. The speciﬁcity of AP 1 was 52%, AP 2 was 45%, and FDP was
52%. This study showed the average image interpretation time for AP 1
was 2.98±1.86 for FDP, and 2.95 ± 1.5 minutes. The results of this study
demonstrated that the use of AP breast MRI for breast cancer screening can
be a cost-effective method due to shorter examination and interpretation
time (15).
In 2016, Harvey and colleagues published a study in which 568
high-risk patients were screened (16). In this study, they evaluated the AP
and FDP. AP consisted of only pre-contrast and first post-contrast fatsuppressed T1 sequences subsequently, and the MIP and subtraction
images were obtained. The mean scan time for AP was 4.4 minutes, and
23.2 minutes for FDP. Interpretation times were 1.55 for AP, and 6.43
minutes for FDP. Only 12 (2.1%) cases required additional MRI
evaluation. Seven cancers were detected in this study (5 were invasive, and
2 were in situ ductal carcinoma), all diagnosed cancers were identified in
both protocols. Their study showed statistically significant differences
between scanning, and the interpretation times. The study also showed that
AP was equally effective as FDP in cancer detection in high risk patients
(16).
In 2017, Panigrahi and colleagues published a prospective cohort
study including 1052 high-risk MRI cases (17). This study investigated
the effectiveness of AP in breast cancer screening and its concordance with
the Breast Imaging Reporting and Data System (BI-RADS) classification.
The abbreviated protocol included a pre-contrast T1-weighted sequence
with fat saturation, and a single post-contrast T1-weighted sequence with
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fat saturation. Fourteen cancers were detected, and all cancers were
diagnosed with both AP, and FDP. Changes in BI-RADS category were
detected in only 3.4% of cases after FDP assessment.
Chen et al. included 356 women who had dense breast tissue with
negative mammography findings into their study published in Korea in
2017 (18). MRI images were retrospectively divided into 3 groups (AP-1,
AP-2, and FDP). As in previous studies, AP-1 consisted of a pre-contrast
and a post-contrast T1-weighted series with subtracted and MIP images
while AP-2 consisted of diffusion weighted imaging (DWI) series in
addition to AP-1. Average interpretation times with the AP-1, AP-2, FDP
were 37 seconds, 54 seconds and 3 minutes respectively, and there was a
statistically significant difference between AP, and FDP. Fourteen cancers
were detected. There were no significant differences in sensitivity among
AP-1, AP-2, and FDP in the diagnosis of breast cancer. However, the
specificity of AP-1 was significantly lower than that of AP-2 and FDP and
there was no difference between AP-2, and FDP. Researchers in that study
found that adding DWI to AP in screening of dense breast structure was as
effective as FDP in detecting cancer, and at the same time effective in
reducing the cost (18).
Petrillo et al. published a retrospective study evaluating 508 patients
with MR images in 2017 (19). Abbreviated protocol included one precontrast, and the ﬁrst post-contrast T1-weighted series. Full protocol
consisted of four post-contrast, and one pre-contrast T1-weighted series.
206 out of 207 cancers were diagnosed by both FDP, and AP. There was
not statistically signiﬁcant difference between the performances of these
two protocols (19).
Dogan and her colleagues evaluated 23 high-risk women by AP and
FDP breast MRI in a feasibility study published by the American College
of Radiology in 2018 (20). The AP included a single T2W fast spin-echo,
triple echo Dixon T2 sequence, and a 3D dual-echo fast spoiled gradientecho two-point Dixon sequence for volumetric T1W imaging prior to and
after contrast as the dynamic sequence. FDP included unenhanced T1weighted axial and sagittal, dynamic contrast-enhanced T1-weighted
gradient-echo sequence, iterative decomposition of water and fat with echo
asymmetry and least squares estimation (IDEAL) and DWI sequences. The
mean acquisition time for AP was 9.42 minutes, and 22.09 minutes for
FDP. These results showed that AP consisting of high resolution T2weighted imaging, unenhanced T1-weighted imaging, and four phases of
contrast-enhanced T1-weighted imaging had significantly shorter
acquisition time compared with the time in FDP. In addition, they found
no statistical differences on image quality, and in detecting anatomical
details between two protocols.
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Oldrini et al. aimed to compare the diagnostic performance, and
interpretation time of two protocols in 2018 (21). They retrospectively
evaluated 90 breast MR examinations (30 were BI-RADS 1-2, 30 were BIRADS 3, 30 were BI-RADS 4-5). Their study showed that using the
abbreviated protocol decreased the interpretation time with no difference
in sensitivity, and specificity. There was a high degree of consortium
between AP, and FDP.
Choi et al. investigated the effectiveness of AP including fatsuppressed T2-weighted imaging, pre- and post-contrast T1-weighted, and
subtracted MIP images for the screening of women with a history of breast
cancer surgery in a study published in 2018 (22). They prospectively
included 725 women who had a previous history of breast cancer history
into the study. They found twelve cancers (7 cancers could not be
diagnosed with second look US, and MG while 5 cancers could be
diagnosed with second look US, and MG). This study has shown that AP
is an effective method in screening of patients with a history of breast
cancer in terms of both early detection of cancer, and diagnosis of possible
cancer in the contralateral breast.
Yamada et al. investigated the detectability of breast cancer with
unenhanced, and enhanced AP MRI in their study published in Japan in
2018 (23). Unenhanced AP (AP1) included fat-supressed T2 weighted
images, DWI and MIP which were derived from DWI. Enhanced AP (AP2)
included fat-supressed T2 weighted images, second post contrast T1weighted squences and MIP derived from post-contrast images. Eightyseven patients with 89 breast cancer lesions ≤ 2 cm in diameter were
included into the study. The images were retrospectively evaluated by two
radiologists. The sensitivity/specificity for AP1 and AP2 for reader 1 was
89.9/97.6% and 95.5/90.6%, for reader 2 was 95.5/94.1% and 98.9/94.1%,
respectively. In this study, researchers concluded that the unenhanced AP
with DWI may compete with the enhanced AP in the evaluation of cases
known to have breast cancer below 2 cm in diameter.
3.Considerations
The initiation of breast cancer screening in 1970s enabled a great
deal of knowledge on breast cancer. Currently, breast cancer is known to
have a heterogeneous genetic background, and the radiological appearance
of each cancer with different genetic characteristics is different from each
other. To give an example, the spiculations are a typical feature of luminalA cancers (24,25). The cause of architectural distortion is desmoplastic
reaction due to hypoxia of tumoral area (26). Necrosis resulted with
microcalciﬁcations (27,28). The investigation of the tumors that could be
detected by mammography showed that approximately 90% are less
aggressive tumors (29). Unfortunately, these characteristics are not usually
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detected in rapidly growing and biologically important interval cancers.
The examination of the breast structure characteristics of the screened
population showed that almost half of the population has dense breast
structure, which reduced the sensitivity of mammography to 30% (30).
Besides, interval cancer rate should be equal to zero in an ideal screening
method. However, the interval screening was reported to be 30-50% in
mammography studies in Europe based screening studies (31).
Breast cancer is a type of cancer that can be screened because the
patient can be diagnosed in the asymptomatic period, and the target
population is specific. The starting of the routine mammographic screening
of the target population is at age 40 in the United States, and at age 50 in
Europe, and screening is performed in every 1-2 years (4). The most
important features of the screening method are being easily accessible, fast
and reliable. Today MG is used in screening because it is easily accessible,
cost-effective and fast. However, the modern clinical approach requires the
high sensitivity in screening method, in biologically aggressive tumors and
low rate of interval cancer. Scientists who have struggled to find a solution
to this problem have performed considerable studies particularly on AP
breast MRI in recent years. Breast MRI is a diagnostic method which was
used in the early 1990s (32-34). Multiple studies have shown that breast
MRI had high diagnostic efficacy in various benign and malignant breast
diseases regardless of breast density, tumor stage, and histopathological
background (4). At present, screening breast MRI is used only in patients
with a lifetime risk greater than 20% in accordance with the ACR guideline
(35). This group especially includes BRCA positive patients. The
investigation of the tumor characteristics of these patients showed that they
were more aggressive, and mostly interval and was difficult to detect with
mammography. Although the interval cancer rates decreased to zero by
MRI, and MG screening has many disadvantages, the use of screening
breast MRI is still unclear in the low, and average risk group in the
literature (4,36).
The abbreviated protocol which is defined for further introduction
of screening into daily practice, does not contain as many sequences as
conventional MRI. The commonly used sequences in the studies in the
literature were fat sat pre-contrast T1, and first post-contrast T1 sequences.
The subtracted, and MIP examinations performed by post-processing were
also added to these sequences (Table-1).
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Table 1. Abbreviated Breast MRI Protocols Used in Twelve Studies

Study

T1
PreCE

T1

Substraction
MIP

PostCE
First
Pass

Kuhl et
al.,

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

×

T1

T1

PostCE

PostCE

Second
Pass

Third
Pass

T2

2014
Mango et
al.
2015
Heacock
et al.
2016 AP
1
Heacock
et al.

×

2016 AP
2
Grimm et
al.

×

2015 AP
1
Grimm et
al.

×

×

2015 AP
2
Harvey
et al.

×

2016
Dogan et
al.

Dixon
T2
sequence
and 3D
dualecho,
fast
spoiled
gradientecho
twopoint
dixon
sequence

2018
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STIR

DWI

Chen et
al.

×

×

×

×

×

×

×

×

×

×

×

×

×

×

2017 AP
1
Chen et
al.

×

2017 AP
2
Oldrini et
al.
2018
Choi et
al.

×

×

2017
×

Yamada
et al.

×

2018
AP1
×

Yamada
et al.

×

×

2018
AP2
Panigrahi
et al

×

×

×

×

×

×

×

2017
Petrillo
et al.
2017

Different than FDP, kinetic examination cannot be performed, and
only the early contrast enhancement of the lesion can be evaluated. In fact,
the researchers demonstrated that a rapid wash-in is correlated with tumor
grade, and invasive disease because the contrast between the angiogenic
tumor, and the adjacent fibroglandular tissue was in the highest level at that
moment (37). Grimm and colleagues added a second post-contrast
sequence to AP while investigating the contribution of kinetic analysis and
found no differences in reader sensitivity or specificity (15). Moreover,
early contrast enhanced series were the eliminating background
parenchymal enhancement (BPE) of normal fibroglandular tissue that can
be seen in further contrast enhanced images.
Studies have shown that MRI acquisition time, and evaluation time
of the images are significantly reduced with AP when compared with FDP
owing to the decreased number of sequences to review. The shortest times
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were reported as 3 minutes for acquisition time, and as 2.8 seconds for
evaluation time (with MIP images only) in the study of Kuhl (12). The
duration was only 4.4 minutes in the study of Dogan et al. in the full
protocol implemented with fast sequences (20). (Table-2).
Table 2. Studies and pathology information.
References

Number of
patients

MRI
examinations

Number of
invasive
carcinomas

Number of
DCIS

Duration
(FDP/AP/
minutes)

Kuhl et al.

443

606

7

4

3

Mango et al.

100

100

79

21

15

Heacock et
al.

107

107

94

13

12

Grimm et al.

48

48

9

3

11/13

Harvey et al.

505

568

5

2

4.4

Dogan et al.

23

23

0

0
9.42/22.09

Chen et al.

356

356

14

Oldrini et al.

90

90

25

1

-

Choi et al.

725

799

7

5

8.38

Yamada et
al.

87

87

67

12

-

Panigrahi et
al.

746

1056

14

2

3

Petrillo et al.

508

508

183

24

-
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Figure 1, 2 and 3 show three cases in which the first, and second
post-contrast images, DWI, MIP images were evaluated (Figure 1,2,3).

Figure 1. The patient aged 41 years diagnosed with invasive lobular
carcinoma presented by mammography, and abbreviated MRI images. ab) CC (craniocaudal) and MLO (medio-lateral-oblique) mammograms
show parenchymal distortion with pleomorphic microcalcifications
(arrows). c) MIP(Maximum Intesity Projection) image shows malignant
lesion with greater contrast enhancement than adjacent normal
parenchyma in the same area (arrow head) d-e) First and second postcontrast T1-weighted sequences with fat saturation show malignant lesion
with irregular margins showing contrast enhancement, respectively
(circles).
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Figure 2. The patient aged 39 years presented with a palpaple mass in her
right breast that was diagnosed with invasive tubular, and micropapillary
carcinoma assosiated with in situ component. a-b) CC (craniocaudal) and
MLO (medio-lateral-oblique) mammograms cannot show the lesion due
to dense breast parenchyma structure. c) ADC (Apparent Diffusion
Correlation) map image shows hypointensity due to the hypercellularity
of the lesion (arrows). d) MIP (Maximum Intesity Projection) image
shows infiltrative lesion with a wide area of contrast enhancement,
without a clear mass configuration. e-f) First and second post-contrast
T1-weighted sequences with fat saturation show the same infiltrative
lesion with a wide area of contrast enhancement, without a clear mass
configuration, respectively (arrows).

65

Figure 3. The patient aged 37 years diagnosed with a palpable mass in her left
breast which was confirmed as mucinous carcinoma presented by
mammography, and abbreviated MRI images. a) CC (craniocaudal)
mammograms show malignant lesion with spiculated margins and amorphous
microcalcifications in the inner quadrant of the left breast (square). b-c-d) The
first, second and last post contrast subtracted, and nonsubtracted T1-weighted
sequences images show a malignant lesion with peripherally contrast
enhancement assosiated partly necrotic component (circles). e) DWI, and ADC
(Apparent Diffusion Correlation) maps both show hyperintense lesion due to its
hypocellularity, a general feature of mucinous carcinomas.
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Although the use of different sequences, different patient numbers
and populations, AP had the same cancer detection rates and diagnostic
efficacy as FDP in nearly all published studies (Table-3). Dogan et al. used
T2W fast spin-echo, triple echo Dixon T2 sequence, and a 3D dual-echo
fast spoiled gradient-echo two-point Dixon sequence for volumetric T1W
imaging before and after the contrast as the dynamic sequence in AP (20).
The aim of their study was to determine anatomic detail as well as FDP,
and to perform the kinetic analysis. Therefore, the MRI acquisition time
could be reduced from 22 minutes to only 9.42 minutes. The difference of
this study from other studies was the ability to perform the similar kinetic
analysis.
Table 3. Sensitivity and Speciﬁcity of FDP vs. AP
Sensitivity (%)

Speciﬁcity (%)

Studies

FDP

AP

FDP

Kuhl et al.

100

100, 90.9a

93.9

Mango et al.
Heacock et al.

n/a

96, 93a

n/a

n/a

n/a

97.8b,99.4c,99.4d

n/a

n /a

Grimm et al AP 1

95

86

52

52

Grimm et al.AP 2

95

89

52

45

Harvey et al.

n/a

100

n/a

n/a

Dogan et al.

n/a

n/a

n/a

n/a

Chen et al. AP 1

100

92.9

96.8

Chen et al. AP 2

100

100

96.8

95

Oldrini et al.

100e

100e

91.5e

91.5e

100f

100f

94.4f

95.1f

Choi et al.

n/a

100

n/a

89.2

Yamada et al.AP1

n/a

89.9g/95.5h

n/a

97.6g/94.1h

Yamada et al.AP2

n/a

95.5g/98.9h

n/a

90.6g/94.1h

Panigrahi et al.

81.8

81.8

97.4

97.2

Petrillo et al.

99.5

99.5

77.1

75.4

n/a=not/applicable or information not provided.
a.
b.
c.
d.
e.
f.
g.
h.

MIP only.
Protocol 1
Protocol 2
Protocol 3
Junior reader
Senior reader
Reader 1
Reader 2
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AP
94.3

86.5

Different than the others, Chen et al. showed that the specificity of
the method increased from 86.5% to 95% by adding DWI to AP (18).
Moreover, using the diffusion sequence instead of the use of IV contrast
has also been investigated due to the current published side effects, and
complications of the use of IV contrast (38,39). Yamada et al. conducted
the most way out study in the literature because they used no intravenous
contrast material which is an indispensable part of breast MR. Their results
showed that DWI based MIP images would be promising if supported by
more comprehensive studies in the future (23). However, the addition of
DWI sequences to the AP or using of IV contrast media is still highly
controversial due to the absence of a standardized protocol.
4.Conclusion
AP breast MRI protocols or fast sequences, along with the
shortening of the imaging time, can reduce the interpretation time of the
images, and reduce the cost by maintaining a high diagnostic accuracy of
full diagnostic protocol. However, reliability and application of
abbreviated protocol and short sequences should be proven and
standardized in larger and prospective series.

68

References
1. Chloe M. Chhor, Cecilia L. Mercado. Abbreviated MRI Protocols:
Wave of the Future for Breast Cancer Screening. AJR. 2017;
208:284–289.
2. Heather I. Greenwood, Katerina Dodelzon, Janine T. Katzen. Impact of
Advancing Technology on Diagnosis and Treatment of Breast
Cancer. Surg Clin N Am.2018; 98:703-724
3. Pisano ED, Gatsonis C, Hendrick E, et al. Diagnostic performance of
digital versus film mammography for breast-cancer screening. N
Engl J Med .2005; 353:1773–178
4. Christiane K. Kuhl. Abbreviated Magnetic Resonance Imaging (MRI)
for Breast Cancer Screening: Rationale, Concept, and Transfer to
Clinical Practice. Annu. Rev. Med. 2019; 70:501-519
5. Christiane K Kuhl. The role of imaging in screening special feature:
Commentary Abbreviated breast MRI for screening women with
dense breast: the ea1141 trial. Br J Radiol.2018; 90: 20170441.
6. Skaane P, Bandos AI, Gullien R et al. Comparison of Digital
Mammography Alone and Digital Mammography Plus
Tomosynthesis in a Population-based Screening Program.
Radiology.2013; 267:47-56.
7. Berg WA, Blume JD, Cormack JB et al. Combined screening with
ultrasound and mammography vs mammography alone in women at
elevated risk of breast Cancer. JAMA.2008; 299:2151-63.
8. Kolb TM, Lichy J, Newhouse JH. Comparison of the performance of
screening mammography, physical examination, and breast US and
evaluation of factors that influence them: An analysis of 27,825
patient evaluations. Radiology .2002; 225:165–175.
9. Kaplan SS. Clinical utility of bilateral whole‑breast US in the
evaluation of women with dense breast tissue. Radiology. 2001;
221:641‑9.
10. Berg WA, Zhang Z, Lehrer D et al. Detection of breast cancer with
addition of annual screening ultrasound or a single screening MRI
to mammography in women with elevated breast cancer risk.
JAMA. 2012; 307:1394-1404.
11. Lehman CD, Isaacs C, Schnall MD. Cancer yield of mammography,
MR, and US in high risk women: prospective multi-institution breast
cancer screen study. Radiology. 2007; 244:381-388.
12. Christiane K. Kuhl, Simone Schrading, Kevin Strobel et al.
Abbreviated Breast Magnetic Resonance Imaging (MRI): First
Postcontrast Subtracted Images and Maximum-Intensity
Projection—A Novel Approach to Breast Cancer Screening With
MRI. J Clin Oncol. 2014; 32:2304-2310

69

13. Mango VL, Morris EA, Dershaw DD. Abbreviated protocol for breast
MRI: Are multiple sequences needed for cancer detection?
European Journal of Radiology .2015; 84:65-70
14. Heacock L, Melsaether AN, Heller SL et al. Evaluation of a known
breast cancer using an abbreviated breast MRI protocol: correlation
of imaging characteristics and pathology with lesion detection and
conspicuity. Eur J Radiol. 2016; 85:815-823
15. Grimm LJ, Soo MS, Yoon S, et al. Abbreviated screening protocol for
breast MRI: A feasibility study. Acad Radiol .2015; 22: 1157-1162
16. Harvey SC, Di Carlo PA, Lee B, et al. An abbreviated protocol for high
risk screening breast MRI saves time and resources. J Am Coll
Radiol. 2016;13: 374-380.
17. Panigrahi B, Mullen L, Falomo E et al. An abbreviated protocol for
High-risk Screening Breast Magnetic Resonance imaging: Impact
on performance Metrics and BI-RADS Assessment. Acad Radiol.
2017; 24:1132-1138.
18. Chen SQ, MD, Huang M, Shen YY, et al. Abbreviated MRI Protocols
for Detecting Breast Cancer in Women with Dense Breasts. Korean
J Radiol.2017;18:470-475
19. Antonella Petrillo, Roberta Fusco, Mario Sansone. Abbreviated breast
dynamic contrast-enhanced MR imaging for lesion detection and
characterization: The experience of an Italian oncologic center.
Breast Cancer Res Treat. 2017; 164:401-441
20. Dogan BE, Scoggins ME, Son JB et al. American College of
Radiology-compliant short protocol breast MRI for high-risk breast
cancer screening: A prospective feasibility study. AJR Am J
Roentgenol. 2017; 210: 214–221
21. Guillaume Oldrini, Imad Derraz, Julia Salleron et al. Impact of an
abbreviated protocol for breast MRI in diagnostic accuracy. Diagn
Interv Radiol. 2018; 24: 12–16
22. Bo Hwa Choi,
Nami Cho
iMi Young Kim,
Jung‑Hyun Yang.
Usefulness of abbreviated breast MRI screening for women
with a history of breast cancer surgery. Breast Cancer Res Treat.
2018; 167:495–502
23. Yamada T, Kanemaki Y, Okamoto S. Comparison of detectability
of breast
cancer
by abbreviated
breast
MRI
based
on diffusion‑weighted images and postcontrast MRI. Japanese
Journal of Radiology .2018;36:331–339
24. Alexander MC, Yankaskas BC, Biesemier KW. Association of stellate
mammographic pattern with survival in small invasive breast
tumors. Am. J. Roentgenol. 2006; 187:29–37
25. Liu S, Wu XD, Xu WJ, et al. Is there a correlation between the presence
of a spiculated mass on mammogram and luminal A subtype breast
cancer? Korean J. Radiol. 2016; 17:846–852
70

26. ChenY, KlingenTA, WikE, et al. Breast cancer stromal elastosisis
associated with mammography screening detection, low Ki67
expression and favourable prognosis in a population-based study.
Diagn. Pathol .2014; 9:230
27. Nyante SJ, LeeSS, Beneﬁeld TS, et al. The association between
mammographic calciﬁcations and breast cancer prognostic factors
in a population-based registry cohort. Cancer. 2017; 123:219–27
28. Henrot P, Leroux A, Barlier C, et al. Breast microcalciﬁcations: The
lesions in anatomical pathology. Diagn. Interv. Imag. 2014; 95:141–
152
29. Luiten JD, Voogd AC, Luiten EJT, et al. Trends in incidence and
tumour grade in screen-detected ductal carcinoma in situ and
invasive breast cancer. Breast Cancer Res. Treat. 2017; 166:307–
314
30. Sprague BL, Gangnon RE, Burt V, et al. Prevalence of
mammographically dense breasts in the United States. J. Natl.
Cancer Inst. 2014; 106: 10- dju255
31. Perry N, Broeders C, de Wolf S, et al. European guidelines for quality
assurance in breast cancer screening and diagnosis. Fourth edition—
summary document. Ann. Oncol.2008;19:614–622
32. Heywang SH, Hahn D, Schmidt H, et al. MR imaging of the breast
using gadolinium-DTPA. J. Comput. Assist. Tomogr. 1986;
10:199–204
33. Kaiser WA, Zeitler E. MR imaging of the breast: Fast imaging
sequences with and without GdDTPA. Preliminary observations.
Radiology. 1989; 170:681–86
34. Harms SE, Flamig DP, Hesley KL, et al. MR imaging of the breast with
rotating delivery of excitation off resonance: Clinical experience
with pathologic correlation. Radiology. 1993; 187:493–501
35. Saslow D, Boetes C, Burke W et al. American Cancer Society
guidelines for breast screening with MRI as an adjunct to
mammography. CA Cancer J. Clin. 2007; 57:75–89
36. Kuhl CK, Strobel K, Bieling H, et al. Supplemental breast MR imaging
screening of women with average risk of breast cancer. Radiology.
2017; 283:361–70
37. Eun Sook Ko, Elizabeth A. Morris. (2019) Abbreviated Magnetic
Resonance Imaging for Breast Cancer Screening: Concept, Early
Results, and Considerations. Korean J Radiol 20:533-541
38. McDonald RJ, McDonald JS, Kallmes DF et al. Intracranial gadolinium
deposition after contrast-enhanced MR imaging. Radiology.2015;
275:772-782

71

39. McDonald RJ, McDonald JS, Dai D et al. Comparison of gadolinium
concentrations within multiple rat organs after intravenous
administration of linear versus macrocyclic gadolinium chelates.
Radiology. 2017; 285:536-545

72

