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Background: : magnetic resonance imaging (MRI) has been increasingly used to study breast cancer for screening
high-risk cases, pre-operative staging, and problem-solving because of its high sensitivity. However, its cost-
effectiveness is still debated. Thus, the concept of abbreviated MRI (ABB-MRI) protocols was proposed as a
possible solution for reducing MRI costs

Purpose: : to investigate the role of the abbreviated MRI protocols in detecting and staging breast cancer

Methods: : a systematic search of the literature was carried out in the bibliographic databases: Scopus, PubMed,
Medline, and Science Direct.

Resulits: : forty-one articles were included, which described results of the assessment of fifty-three abbreviated
protocols for screening, staging, recurrence assessing, and problem-solving or clarification.

Conclusions: : the use of ABB-MRI protocols allows reducing the acquisition and reading times, maintaining a high
concordance with the final interpretation, in comparison to a complete protocol. However, larger prospective

and multicentre trials are necessary to validate the performance in specific clinical environments

1. Introduction

Breast cancer is one of the leading causes of death in the world and
the leading cause of death by cancer among women around the world
[1]. In 2018, the World Health Organisation (WHO) reported more than
2 million new cases and 626,679 deaths by this disease [2]. Early
detection continues to be the best strategy to improve the prognosis of
breast cancer, and mammography remains the standard screening
method for detection in women over 40 years, with a sensitivity of 70%
and a specificity of 92% in the general population [3]. Different studies
have shown that screening with mammography has an effect on mor-
tality by breast cancer [4].

Despite this, mammography has shown poor performance in the
detection of cancer in patients with dense breasts [5,3]. It is also not
indicated in young patients because of the possible effect of radiation
exposure. To counteract this problem, other imaging modalities have
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been proposed, such as tomosynthesis, a variation of mammography
that generates three-dimensional images but whose performance is not
significantly greater; breast ultrasound, which is useful as a comple-
mentary study, but with a low-positive predictive value [6], and mag-
netic resonance imaging (MRI), and specifically the Dynamic
Contrast-Enhanced MRI, which is currently considered the most sensi-
tive method for detecting breast cancer without the use of ionizing ra-
diation and is proposed as an effective screening alternative in high-risk
population [7].

The usefulness of breast magnetic resonance imaging not only in-
cludes an initial diagnosis and detection of breast cancer, but it is also
recommended for preoperative staging, problem-solving, follow-up of
treatment response, among others. A great benefit of MRI is its high
detection sensitivity of breast cancer and its usefulness for finding subtle
tumors in mammograms, ultrasounds, and physical examination [8].
Particularly, breast cancer screening with MRI alone or combined with

E-mail addresses: mlhernandezp@sura.com.co (M.L. Hernandez), saosorior@uces.edu.co (S. Osorio), florezl. maria@uces.edu.co (K. Florez), aospino@sura.com.co

(A. Ospino), gloriadiaz@itm.edu.co (G.M. Diaz).

https://doi.org/10.1016/j.€jr0.2020.100307

Received 6 November 2020; Received in revised form 2 December 2020; Accepted 3 December 2020

2352-0477/© 2020 The Authors.

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Published by Elsevier Ltd.

This is an open access article under the CC BY-NC-ND license


mailto:mlhernandezp@sura.com.co
mailto:saosorior@uces.edu.co
mailto:florezl.maria@uces.edu.co
mailto:aospino@sura.com.co
mailto:gloriadiaz@itm.edu.co
www.sciencedirect.com/science/journal/23520477
https://www.elsevier.com/locate/ejro
https://doi.org/10.1016/j.ejro.2020.100307
https://doi.org/10.1016/j.ejro.2020.100307
https://doi.org/10.1016/j.ejro.2020.100307
http://creativecommons.org/licenses/by-nc-nd/4.0/

M.L. Herndndez et al.

ultrasound or mammography has shown variable cost-effectiveness
regarding the objective population. Studies have shown that MRI is
cost-effective for high-risk patients [9,10]. In fact, in the last years has
been a generalised agreement among the main European and American
radiology associations (the European Society of Breast Cancer Special-
ists - EUSOMA, European Society of Breast Imaging-EUSOBI, Society of
Breast Imaging-SBI, American College of Radiology-ACR, and American
Cancer Society -ACS) regarding to recommendations for annual
screening with MRI and mammography for women with a risk of > 20%
[11-16], which includes women with BRCA1l or BRCA2 mutation,
women with relatives of first degree of consanguinity with a BRCA
mutation, clinical history of thoracic radiation, and Li-Fraumeni, Cow-
den or Bannayan-Riley-Ruvalcaba syndrome [9]. However, its use as a
screening method in the general population or with an intermediate or
lower risk of life is hindered due to the cost associated with the study
acquisition and the radiology time interpretation. Thus, although recent
studies have estimated that screening with MRI alone in women whose
only risk factor is dense breasts is economically feasible [17,18], none of
the current guidelines recommend MRI as a screening imaging tech-
nique in those cases.

In 2014, Cristiane Kuhl [19] introduced the concept of an abbrevi-
ated protocol for breast MRI (ABB-MRI) for breast cancer screening,
which required the acquisition of only two sequences, i.e., T1-weighted,
acquired before and immediately after the application of gadolinium;
from them, two derived images, i.e., the First contrast-enhanced
Acquisition SubTracted (FAST) and maximume-intensity projection
(MIP) were used for interpretation. This study, which included women
with increased risk of developing the disease, allowed establishing the
absence of cancer with a negative predictive value of 99.8% and a
diagnostic accuracy equivalent to that obtained by a complete protocol
but reducing the acquisition and interpretation times to 3 minutes and
fewer than 30 seconds, respectively. From this study, the research into
the use of abbreviated protocols for the detection, characterization, and
staging of lesions in breast magnetic resonance has become a relevant
topic due to the feasibility of substantially reducing the image acquisi-
tion and reading times.

Other review articles have described some of the abbreviated pro-
tocols published in the literature [20-30]; however, none of them per-
formed a comprehensive systematic review. Recently, Baxter et al [31]
presented a systematic review and meta-analysis of published ABB-MRI
studies but focused on screening only cohorts and enriched cohorts
separately. Additionally, the search was carried out in August 2019,
which implies the exclusion of recent works. Similarly, Geach et al. [32]
presented a systematic review and meta-analysis of ABB-MRI for breast
cancer screening that included the FAST sequence; the search was per-
formed in November 2019.

This document presents the results of a comprehensive systematic
review of literature on abbreviated protocols for breast cancer study,
including screening, follow-up, staging, among other applications. We
analyze the configuration of the proposed protocols, its performance,
and the effect produced by the acquisition and interpretation times.

2. Materials and methods
2.1. Sources consulted and search strategy

A search of published documents was carried out using the following
equation: (MRI AND “breast cancer” AND (abbreviated OR accelerated
OR fast)), in the databases PubMed (134), Medline (124), Science Direct
(27) and Scopus (253). The search was restricted to metadata title, ab-
stract, and keywords. It was also limited to the period between January
1, 2013, and July 31, 2020.
2.2. Eligibility criteria

For this review, full-text availability articles published in a peer-
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reviewed journal (abstracts and conference proceedings were
excluded) and written in English were considered. Studies that include a
reduced number of MRI sequences for the detection, staging, and/or
follow-up of breast cancer were evaluated. A comparison concerning a
referenced standard (complete protocol interpretation, biopsy, or im-
aging follow-up) was also required.

2.3. Data extraction

Data extraction was performed by one of three reviewers and
confirmed by two other reviewers. Study details (imaging use, study
design, number of cases, age range, ABB-MRI protocol, acquisition and
reading times, summary findings) were extracted from the included full-
text articles and recorded on a database (Excel, Microsoft, Redmond WA,
USA).

3. Results and discussion

Fig. 1 illustrates the flow of searching, selection, and inclusion/
exclusion performed in this systematic literature review [33]. The initial
search yielded 538 documents, with 280 duplicated documents, which
implied a final recovery of 258 documents. Each of these articles was
independently reviewed by one of the three of the researchers, based on
the reading of the title and abstract, in order to establish if its content did
or did not describe the use of abbreviated protocols for the study of
breast cancer, discarding 158 articles that did not include this aspect.
Then, a more detailed review determined if the articles that were
maintained in the previous step presented evaluations for the imple-
mentation of ABB-MRI, according to the criteria defined above. Three
researchers carried out this review, and in case of disagreement, some
articles were included for full-text review. Therefore, 59 documents
were excluded, 17 of them because not reporting abbreviated protocols,
28 for being reviews or technical notes, either of general aspects of the
use of magnetic resonance in the diagnosis of breast cancer or specif-
ically on abbreviated protocols for breast cancer [20-30,32,31], seven
documents that corresponded to editorials, letters or erratum, two
documents because the full text was not available in the English lan-
guage, three more there was no full-text availability, and two documents
that studied animal specimens. After the previous process, 41 articles
were maintained for full-text review, which reported 53 breast ABB-MRI
protocols.

The main technical specifications of the studies included in this re-
view are presented in Table 1. A total of 41 articles reviewed in full text,
18 were published between 2013 and 2017, and 23 were published
between 2018 and 2020, demonstrating a growing interest in this sub-
ject area the last years. In 30 studies, patients were retrospectively
identified from consecutive breast MRI studies performed for many
clinical indications such as preoperative staging for patients with known
malignant lesions, screening for high-risk patients, problem-solving,
among others, which entails a potential selection bias. At the same
time, in the other 10 articles, all data were prospectively acquired, the
largest being the multicentre, cross-sectional EA1141 randomized trial
[34], which was conducted at 47 institutions in the United States and
one institution in Germany. This study compared the diagnostic per-
formance of ABB-MRI and Digital Breast Tomosynthesis (DBT) for
screening average-risk women with dense breasts. Study results showed
a significantly higher rate of invasive breast cancer detection.

Another aspect that stands out from the included studies is the
variation in the field strength of the scanners. Thus, 15 studies acquired
images using a scanner of 1.5T, 13 used scanners of 3T, and in 9 studies,
both 1.5T and 3T scanners were used, respectively.

3.1. Abbreviated protocols specification

Varying versions of the abbreviated protocols have been reported in
the literature. The selection of the sequences that make them up is
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Fig. 1. Flow diagram for study searching, selection and inclusion. A total of 41 articles that reported 53 ABB-MRI protocols were included.

apparently heuristic, with a general tendency using a non-contrast T1-
weighted (T1W) or T2-weighted (T2W) acquisition plus at least one
contrast-enhanced sequence [35-43,27,34,44]. This is to improve the
specificity, including information that allows greater discrimination
between benign and malignant lesions and make it possible to evaluate
the tumor uptake. Other studies explicitly incorporate the use of
maximum intensity projection (MIP) images of post-contrast examina-
tions as part of the reading protocol [19,45-62]. This derivated image
highlights maximum enhancement areas such as tumor or lymph nodes,
and allows for the assessment of the relationship among arteries, veins,
and blood vessels.

Some studies have focused on determining the effect by including the
T2W sequence in an ABB-protocol [47,40]. Strahle et al. [40] developed
an evaluation of the conspicuity of lesions in each sequence to determine
those that could contribute better to the detection of suspicious lesions
of malignancy. In this study, the authors request each radiologist to
assign a conspicuous value for each observed lesion, that is, the intensity
relative to the surrounding tissue, on the hypothesis that acquisitions
that present greater conspicuity in the intensity of the signal improves
the morphological characterization of the lesions, and consequently the
ability to differentiate benign from malignant lesions. As a result, the
proposed protocol contained the sequences T1W pre and post-contrast

T2W post-contrast (taken at one and a half minutes), and T1 post-
contrast at minute 6. This protocol has not been evaluated with respect
to a complete protocol, and neither follow-up period was part of the
study, which does not allow for calculation of sensitivity, specificity, and
negative predictive values. The assessment of conspicuity has also been
included as a variable of analysis in the study of Heacock et al. [47]; the
authors demonstrated that the T2W sequence does not affect the per-
formance detection of lesions using an abbreviated protocol and is better
than the T1W sequence. Thus, T2W sequence has been incorporated in
several ABB-MRI protocols such as [35,36,38,52,63,54,42,55,43,27,58,
34,44,60,62]. Dixon sequence has also been proposed in [63] and [62]
to form up an ABB-MRI protocol for screening patients with high and
increased risk. These sequences generate both water-only and fat-only
series in a single acquisition, reducing the study acquisition time
significantly while minimizes false-positive rates with no impact on
cancer detection.

Incorporating ultrafast DCE MRI sequences has also been proposed as
an alternative for reducing the acquisition time on dynamic contrast
enhanced studies. Ultrafast contrast-enhanced sequence refers to a new
technique that allows capturing early contrast material wash-in at high
temporal resolution, obtaining a series of images that describe the path
of the contrast bolus within the first 2 minutes after contrast injection.
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Table 1
Technical specifications of included ABB-MRI studies.
Study Year  Purpose Design Field Population Subjects  Age range MRI protocol  Acquisition Reading
strength time time
(minutes) (minutes)
Kuhl et al. 2014  Screening: Prospective 1.5T Women at low to 443 54.2 T1W 1st post- 3.06 0.46(20 — 68
[19] detection moderate risk 25-73 contrast seg)
subtracted +
MIP
Grimm etal. 2015  Screening: Retrospective ~ 1.5T— Women at high 48 49.1 T2W FS 6-—8 2.98
[35] detection 3T risk of breast — T1W pre and
cancer 1st post-
contrast
T2W FS, Pre, 8 NR
1st and 2nd
post-contrast.
Mango et al. 2015  Screening: Retrospective ~ 1.5T— Women with 100 52 T1W pre and 10- 15 0.73
[45] detection 3T biopsy proven 28— 84 1st post-
unicentric breast contrast
carcinoma subtraction
visualized on MRI and MIP
Harvey etal. 2016  Screening: Retrospective ~ NR Women at high 505 53.2 Axial TIW-FS 191 1.55
[46] detection risk of breast 24— 81 pre and 1st
cancer post-contrast
Subtraction +
MIP
Heacock 2016  Screening: Retrospective 3T Women who had 107 55 T1W post- 12 - -
et al. [47] detection undergone breast 33-83 contrast
MRI
T1W post- 4.5 - -

contrast with
prior imaging

T2W, T1W 12 1-2
post-contrast
with prior
imaging
Moschetta 2016  Screening: Retrospective ~ 1.5T Women with a 470 53.2+89 STIR - T2W - 10 2+12
et al. [36] detection family history of 28— 77 THRIVE
cancer and dense pre and 1st
glandular post-contrast
structure THRIVE
Bickelhaupt 2017  Screening Retrospective ~ 1.5T Women with 50 57.5 T2W, DWI NR 0.48+£0.17
etal. [69] clarification suspicious breast 50— 70 with
lesions detected in background
X-ray screening suppression
(BIRADS 4-5)
Bickelhaupt 2017  Screening Retrospective ~ 1.5T Asymptomatic 115 57 T2W, 7 0.5
et al. [70] clarification women with 50 — 69 maximum
suspicious breast intensity
lesions detected in breast
x-ray screening diffusion
(BIRADS 4) (MIBD)
Chen et al. 2017  Screening with Retrospective 3T Women with 478 49.3 1st post- 3 0.7+0.3
[48] dense breast dense breast 30-71 contrast
tissue tissue and subtracted +
negative previous MIP
results who had
undergone
routine breast
MRI
Chen et al. 2017  Screening of Retrospective 3T Women with 356 48.2+47 1st post- 3 0.61
[49] dense breast dense breast 30— 75 contrast
tissue tissue who had subtracted +
undergone MIP
routine breast
MRI
1st post- 3.2 0.9
contrast
Ist
subtraction +
MIP, DWI
Jain et al. 2017  Screening: Retrospective ~ 1.5T— Women with a 591 44.25 T1W pre and NR NR
[37] detection 3T personal or family 21-74 1st post-
history of cancer contrast, 1st
subtraction
2017 Retrospective 3T 358 5 NR

(continued on next page)
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Study Year  Purpose Design Field Population Subjects  Age range MRI protocol  Acquisition Reading
strength time time
(minutes) (minutes)
Kang et al. Screening: Women with a 46.34 T1W-FS and
[71] detection personal history 26— 74 Non FS, DWI
of breast cancer 1st and 5th
post-contrast
Machida 2017  Screening: Retrospective 3T Women who had 88 54.5 Coronal VIBE 4.29 NR
et al. [64] detection undergone breast 31-78 pre-contrast
MRI and coronal
TWIST post-
contrast
Oldrinietal. 2017  Screening: Retrospective ~ 1.5T Women who had 70 53 1st T1W post- NR NR
[38] detection and undergone breast 24 - 77 contrast +
characterization MRI MIP
1st TIW post- 5.8 1.8
contrast,
subtraction
and T2W
TRICKS + MIP 1.34 NR
1st TIW post- 7.2 35
contrast,
subtraction,
T2W and
TRICKS + MIP
Panigrahi 2017  Screening: Prospective 1.5T— Women at high 1052 53.1 T1W-FS 3 24+18
et al. [50] detection 3T risk of breast 19— 86 Ist
cancer subtraction +
MIP
Petrillo et al. 2017  Screening: Retrospective ~ 1.5T Women who had 508 46.4 T1W 1st 10- 15 0.73
[51] detection and undergone breast 14-75 subtraction +
characterization MRI MIP
Romeo etal. 2017  Screening: Retrospective ~ 1.5T Women at high 98 50 T1W FS pre- 5.58 0.63
[39] detection and risk of breast 30-73 contrast, 1st,
characterization cancer with 2nd, 3th
previous subtractions
screening
Strahleetal. 2017  Screening Prospective 1.5T Asymptomatic 671 55.7 T1W pre and 7.5 NR
[40] women with a 40— 80 1st post-
negative contrast, T2,
mammogram 6th post-
contrast
Choi et al. 2018  Recurrent breast  Prospective 1.5T— Women with a 725 51 Sagittal T2W- 8.5 NR
[52] cancer diagnosis 3T history of breast 26— 84 FS, sagittal
cancer surgery T1W pre and
1st post-
contrast,
subtraction +
MIP
Dogan et al. 2018  Screening Prospective 3T Patients at 23 57 T2W FSE 9.42+0.81 13.92+4.28
[63] (Quality image increased breast 38-72 Triple-Echo
evaluation) cancer risk Dixon T2W,
3D Dual-Echo
FSPGR Dixon
(DCE)
Oldrinietal. 2018  Screening: Retrospective 3T Women who had 90 50.4 Sagittal TIW 3 1-411
[41] detection, time undergone breast 27 -76 pre and 1st
MRI post-contrast
subtraction
Seppalaetal. 2018  Screening: Retrospective ~ 1.5T Women at high 100 NR T1W sagittal 4.58 2.5
[53] detection risk of breast 30— 69 pre and first
cancer post-contrast
subtraction +
MIP
Zelst et al. 2018  Screening: Prospective 3T Women at high 201 42.7 TWIST 1.42 1.09
[65] detection risk 20— 74
Yamada 2018 Screening: Retrospective 1.5T Women who had 87 NR T2W FS,DWI, 9 0.22- 047
et al. [54] detection undergone breast MIP-DWI
MRI with breast
cancer < 2 cm
T2W FS, 2nd NR 0.23-0.58
subtraction +
MIP
2019 Retrospective ~ 1.5T 736 55.3+0.8 17.5+0.5 NR

(continued on next page)
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Study Year  Purpose Design Field Population Subjects  Age range MRI protocol  Acquisition Reading
strength time time
(minutes) (minutes)
Borthakur Comparing time Women who had Axial T2W
etal. [42] to Screening undergone breast STIR, Axial
MRI as part of T1W pre and
their scheduled 1st post-
clinical contrast
examinations
Dialanietal. 2019  Screening: Retrospective ~ 1.5T Women at high 259 52 T2W MIP - - - -
[55] detection risk who had a 26— 78 post-contrast
negative
mammogram in
the previous year
T2W MIP 3 - =
post-contrast,
T1W pre and
1st post-
contrast
T2W MIP 8 2.4
post-contrast,
T1W Pre and
Ist
postcontrast,
T2W
Girometti 2019  Detection of Retrospective ~ 1.5T Women with a 87 56 FLASH T pre- 3 NR
et al. [74] additional histological 30— 79 contrast, 1st
disease in breast diagnosis of post-contrast
cancer staging. breast cancer -+ MIP
Goto et al. 2019  Screening: Prospective 3T Women with a 200 57 TWIST-VIBE 1.78 NR
[66] detection and history of 35— 84
classification chemotherapy
Ha et al. 2019  Screening: Retrospective ~ 1.5T — Women with a 2310 50+8 T2W-FS T1W- 15 NR
[43] detection 3T history of breast FS 1st post-
cancer contrast
Jones et al. 2019  Screening Prospective 3T Women at high 125 40 1st post- NR 0.56 —1.28
[56] performed by risk 28 — 61 contrast-
mammogram subtracted
readers images+MIP
Lee-Felker 2019  Estimating Retrospective 3T Women with 81 56 T1W FS pre 3.5 1to4
etal. [57] extent of disease breast cancer 32-92 and 1st post-
in diagnosed newly diagnosed contrast,
breast cancer subtraction +
MIP
Milon et al. 2019  Screening: Retrospective ~ 1.5T Women who had 120 55 T1W, T2W, 7.8 NR
[27] detection and undergone breast 28— 88 T1W-FS 1st
characterization MRI post-contrast
T1W, T2W, 8.35 NR
T1W-FS 1st
post-contrast,
HTR DCE
An et al. 2020 Screening: Retrospective 3T Women with a 763 55 T2W, T1W 8.3 NR
[58] detection personal history 23 -89 pre- and 1st
of cancer and post-contrast,
post-surgical subtraction
mammography and MIP.
and ultrasound
testing
Comstock 2020  Screening of Prospective 1.5T— Women with 1444 54 T2Wand TIW 7.9 NR
et al. [34] dense breast 3T heterogeneously 40-75 pre and post-
tissue dense or contrast
extremely dense
breasts
Choudhery 2020  Comparing Retrospective ~ 1.5T— Women with 162 51.6 +11.1 Rapid 3 NR
etal. [67] kinetic 3T tissue diagnoses Abridged
parameters of of suspicious MRI Multiphase
the RAMP MRI lesions (RAMP)
protocol Vs. DCE
Kwon et al. 2020  Screening: Retrospective ~ 1.5T— Women with 973 50 T2, 1st and 10—-11 3
[44] detection 3T previously treated 26— 84 2nd post-
cancer contrast
Marquina 2020  Screening: Retrospective ~ 1.5T Women at high 82 46.84 £11.23  T1W pre and NR NR
etal. [59] detection risk of breast 1st post-
cancer contrast +
MIP

(continued on next page)
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Study Year  Purpose Design Field Population Subjects  Age range MRI protocol  Acquisition Reading
strength time time
(minutes) (minutes)
Mori et al. 2020 Comparing Retrospective 3T Patients with 77 52 T1W pre- 11 NR
[68] kinetic histologic 23-81 contrast,
parameters of diagnosis of NMEs Ultrafast (8
the Ultrafast made by core series) post-
MRI protocol Vs. biopsy or contrast
DCE clinically
confirmed benign
NME.
Park et al. 2020 Recurrent breast Retrospective 1.5T— Women with a 656 50.4+9.1 T2W, T1W 3 0.73—-1.55
[60] cancer diagnosis 3T personal history pre, 1st and
of breast cancer 2nd post-
contrast,
subtractions,
Axial and
Sagital MIP
Shiraishi 2020  Estimating Retrospective ~ 1.5T Patients with 164 54 T1W pre and NR NR
etal. [61] extent of disease pathologically 19-81 st post-
in diagnosed proven DCIS who contrast +
breast cancer underwent MIP
preoperative
breast MRI
Scoggins 2020  Screening: Prospective 3T Women at high 73 53.5 Subtraction NR 5.92
et al. [62] detection and risk of breast 26 — 75 MIPs
categoriztion cancer
Non- NR 26.44
subtraction
and
subtraction
DCE
Non 9.63 21.68
subtraction,
subtraction
DCE + MIP,
T2W-FSE
Dixon, 3D
dual-echo
Dixon

Time-resolved angiography with interleaved stochastic trajectories
(TWIST) by Siemens, Time-Resolved Imaging of Contrast Kinetics
(TRICKS) and Differential Subsampling with Cartesian Ordering
(DISCO) by GE, are the sequences used in the included studies [64,38,
65,66,27]. In particular, Zelst et al. [65] proposed to use TWIST as a
single-sequence in an ultrafast breast MRI protocol (UBMP) with an
acquisition time of 1 minute and 42 seconds. Reported results indicated
that this protocol is at least as accurate as a complete protocol. Addi-
tionally, Choudhery et al. [67] found no significant difference between
the rapid abridged multiphase (RAMP) ACR-accredited breast MRI
protocol and one standard DCE-MRI for discriminating benign from
malignant lesions, based on delayed-phase percentage washout, pre-
dominant curve type, or worst curve type. Similar results were found by
Mori et al. [68] but only for non-mass enhancement lesions. Unfortu-
nately, specific MRI coil and sequence requirements are needed to
achieve diagnostic spatial resolution at the high temporal resolution; it
is because ultrafast imaging is not readily feasible with all available
scanners.

On the other hand, there is a growing interest in the development of
contrast-agent free protocols by using the acquisition of diffusion-
weighted images (DWI) and their respective Apparent diffusion coeffi-
cient (ADC) maps [69,70,49,71,72,54], especially because gadolinium
deposition in the brain has been described recently [73]. Bickelhaupt
et al. [69,70] proposed to use diffusion-weighted imaging with back-
ground suppression (DWIBS) for defining an ABB-MRI protocol and
clarify mammogram based screening findings. The proposed protocol is
composed of the DWIBS, TW2, and the fusion of both images. With this
protocol, the false-positive rate of non-invasive measures decreased
from 64% to 19%, whereas preserving the sensitivity. In a similar way,

Kang et al. [71] proposed an abbreviated protocol consisted of fused
DWI and unenhanced T1W images, and the DWI-MIP for screening pa-
tients with a personal history of breast cancer, which diagnostic per-
formance was similar to a complete protocol. Chen et al. [49] showed
that adding the diffusion to a protocol based on the first post-contrast
sequence and MIP, significantly improves the performance of the pro-
tocol. Likewise, in 2018, Kul et al. [72] conducted a study that seeks to
establish the viability of using the acquisition of diffusion-weighted
images and ADC map for describing the cellularity of masses detected
in the breasts and to establish the contribution of this evaluation for its
characterization. From the reported results, the diffusion images showed
a high to moderate concordance during breast masses description
respect to dynamic contrast-enhanced (DCE) study. In addition, the
diagnostic accuracy achieved with the morphological evaluation was
slightly lower in comparison with the DCE. Furthermore, this study
showed that the combination of DWI and ADC acquisitions could ach-
ieve even better performance than the DCE. Chen et al. [49] showed that
adding the diffusion imaging to a protocol based on the first
post-contrast sequence and MIP significantly improves the performance
of the protocol. Moreover, Yamada et al. [54] reported that the detect-
ability of the unenhanced abbreviated protocol based on DWI would be
comparable to that abbreviated protocol based on postcontrast. Ac-
cording to the above, abbreviated unenhanced MRI based on DWI seems
to have the potential for screening breast MRI.

3.2. Study purpose and population

Several included articles varied in both the study purpose and pop-
ulation, respectively. 36 articles studied the ABB-MRI protocols in breast
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cancer screening from both screening only and enriched cohorts with
known cancers. In two others, the evaluation of recurrency was
addressed [52,60]. Two of the articles evaluating the use of ABB-MRI for
the extent of the disease assessing [57,61], and the other one for
detecting additional lesions in confirmed breast cancer patients [74].

A total of 15,680 breast MRI studies were evaluated in the includes
studies, 4934 of which were acquired prospectively. In four articles, MRI
studies corresponded to subjects reported in another study; therefore,
they were counted only once. The total number of subjects by study vary
between 48 and 2310 in retrospective studies; and between 73 and 1444
in the prospective studies. Age ranges were between 14 and 92 years,
with a mean of 51.33.

From the set of 31 retrospective studies, 11 included women who had
undergone breast MRI by currently accepted indications, such as pre-
operative breast staging, problem-solving, follow-up for previous non-
surgical breast intervention, and probably benign findings detected on
previous studies, among others [47-49,64,38,51,41,54,42,27]; two of
them were specifically oriented to the detection of lesions in women
with heterogeneously or extremely dense breasts [48,49], according to
ACR categorization, and another one in to detect lesions in pathologi-
cally proven breast cancer studies [45]. Six aimed to evaluate the
feasibility of using abbreviated protocols to screening high risk women
[35,46,59,39,53,55]; and 7 others, to women with a personal or family
history of breast cancer [71,36,43,37,58,44,60]. Additionally, 3 studies
established as inclusion criteria to present lesions previously identified
by another imaging modality [69,70,67]; and the other 4, focused on
pathologically proven breast cancer studies [74,57,68,61].

On the other hand, from the subset of 10 articles that studied subjects
prospectively enrolled: 4 studied feasibility of ABB-AP for screening
patients at high-risk of breast cancer [50,65,56,62]; two analyzed
studies of women who carried a mildly or moderately increased risk,
either because of dense breast tissue, mild or moderate family history, or
personal history of breast cancer [19,63]; and two more, women with a
personal history of breast cancer [52,66]. Another one, studied asymp-
tomatic women with a negative mammogram, which did not have a
personal history of breast cancer or prior chest radiation therapy [40].
Additionally, as was depicted above, Comstock et al. [34] studied clin-
ically asymptomatic women with heterogeneously dense or extremely
dense breasts.

From the foregoing, although the abbreviated magnetic resonance
protocols are presented to the scientific and healthcare community as an
alternative for screening of breast cancer, few studies are oriented to
assess their feasibility in the general population or in women with
moderate risk. Additionally, given the advantages of magnetic reso-
nance imaging, there does not seem to be any restriction to include
women in a wide range of ages. Thus, the inclusion of young women
with a moderate or high risk of developing the disease could be one of
the main advantages of this type of studies.

3.3. Acquisition and interpretation times

From the studies that reported acquisition and interpretation times,
we can conclude that there is evidence of a substantial reduction in an
abbreviated protocol compared to the conventional complete MRI pro-
tocol. The average acquisition time of the includes studies was 5.88
minutes (1.1 minutes - 17.5 minutes), and the interpretation time of 3.38
minutes (30 seconds - 26.4 minutes). It should be noted that the times to
review the medical history, the previous studies (mammograms or
comparison ultrasounds), time to load images in the PACS system, or the
time to report the findings, which consume an important part of the
interpretation process, were not included. In this regard, Borthakur et al.
[42] analyzed the activity times from ABB-MRI and complete protocols
for the examination, scan, and technologist activity, included both
scan-related and non-scan-related activities. They found that the
scan-related activities, such as creating post-processing images and
injecting contrast, are performed during the long and idle times, which
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are more frequently available during the longer scan sequences of the
complete protocol. That is to say, those times are absorbed by the longer
imaging acquisition times during the complete protocol, offsetting some
of the gains from performing the ABB-MRI protocol. Consequently, the
implementation of an ABB-MRI increased only at 38% the patient flow
rate, which was less than the 65% that was anticipated based on ex-
pected scan times.

3.4. Diagnostic performance

Despite the variability of the protocol designs, the included results
consistently report non-significant differences in the diagnostic perfor-
mance between Abbreviated and complete breast MRI protocols.
Tables 2-7 summarize the main performance measures reported in the
included studies: Sensitivity (Sens.), Specificity (Spec.), Predictive Pos-
itive Value (PPV), Predictive Negative Value (PNV), and Inter-observer
agreement (Agree). Overall ABB-MRI protocols used biopsy or follow-up
imaging results as standard of reference. Additionally, the varied in-
clusion/exclusion criteria for each study makes the enrolled subject
cohorts differ greatly regarding cancer frequency and alter the diag-
nostic performance. Thus, articles were grouped according to their
purpose and study population for readability. No larger differences were
found in performance measures reported for each subset, although, as
was expected, PPV was higher in studies with a larger prevalence of
cancer.

Although Girometti et al. [74] reported that less experienced radi-
ologists induced more false-positive findings than experienced ones, no
large differences were reported between them for interpreting the
ABB-MRI protocols. However, most studies were performed by experi-
enced readers, which could bias the interobserver agreement that was
reported between moderate and perfect in most of the cases when this
measure was computed.

Some articles were excluded from these tables because they non
focused on diagnostic or categorization tasks [63,67,68,61]. However,
the reported results are mostly consistent with the feasibility of using
abbreviated protocols for breast cancer. In [42], activity times of an
ABB-MRI were compared with the complete-protocol examination, but
no diagnostic comparison was made. Dogan et al. [63] showed that an
abbreviated protocol comprising a T2W and a 3D dual-echo fast spoiled
gradient echo two-point Dixon sequences, not shown significantly image
quality differences to that of a standard-of-care MRI protocol. Choudh-
ery et al. [67] demonstrates comparable kinetic characteristics for
discriminating benign from malignant lesions between the
ACR-accredited rapid abridged multiphase (RAMP) MRI protocol and a
complete DCE MRI protocol. Likewise, the kinetic characteristics of ul-
trafast DCE-MRI allow differentiating benign from malignant non-mass
enhancements as a standard DCE MRI protocol [68].

Finally, it is important to mention the results reported by Shiraishi
et al. [61], who evaluated the feasibility of using an ABB-MRI protocol
for preoperative assessment of the tumor extent in patients with pure
DCIS. The ABB-MRI protocol was comprised of a pre-contrast and 60 seg
post-contrast TIW images with MIP.

The performance was assessed by the rate of concordance between
pathology and the extent estimated by image interpretation. In this case,
the rate of concordance for the complete protocol was higher than for
the ABB-MRI. However, variation in measurements between readers
tended to be slightly lower for the ABB-MRI than the complete protocol.

3.5. Cost-effectiveness

The potential cost and time savings of the abbreviated protocols have
been indicated in all of the studies included in this review; however,
none of them evaluated the cost-effectiveness of abbreviated breast MRI
relative to other imaging techniques. These analyzes are required to
advance in the incorporation of the use of these protocols for screening
low and intermediate risk patients in both current guidelines and clinical
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Table 2
Performance of ABB-MRI protocols in screening settings to women who had undergone breast MRI for varied indications.
Study Lesions Cancers/ Subjects Reference Readers Exper. (years) Sens. Spec. PPV PNV Agree.
Mango et al. [45] 100 100/100 Biopsy 4 5-18 96 92.9 - - - - - -
Heacock et al. [47] 107 107/107 Biopsy 3 2—-6 96.3 100 - - - - - - - -
98.1 100 - - - - - - - -
98.1 100 - - - - - - - -
Chen et al. [48] 41 16/478 Biopsy/ follow-up 2 10 93.8 88.3 21.7 99.8 - -
Chen et al. [49] 67 14/356 Biopsy/ follow-up 3 10-15 92.9 86.5 22 99.7 - -
100 95 45.2 100 - -
Machida et al. [64] 53 31/88 Biopsy/ follow-up 2 6—13 90.3 87.55 61.95 97.7 0.56
Oldrini et al. [38] 106 58/70 Biopsy 2 5-6 93.95 25 60.25 77.5 - -
931 60.4 74 87.9 0.8
89.7 60.4 73.25 82.85 - -
931 77.05 83.25 90.2 0.87
Petrillo et al. [51] 295 207/508 Biopsy/ follow-up 2 20 99.5 75.4 73.5 99.6 0.99
Oldrini et al. [41] 26 26/90 Biopsy/ follow-up 2 05-6 100 93.3 - - - - - -
Yamada et al. [54] 89 89/87 Biopsy 2 8—15 89.995.5 97.6 94.1 - - - - 0.45
95.598.9 90.6 94.1 - - - - 0.56
Milon et al. [27] 179 110/120 Biopsy 2 2-6 92 27 63 72 0.8
95 45 70 87 0.89
Table 3
Performance of ABB-MRI protocols in screening settings for women at high-risk of breast cancer.
Study Lesions Cancers/ Subjects Reference Readers Exper. (years) Sens. Spec. PPV PNV Agree.
Grimm et al. [35] 24 12/48 Biopsy/ follow-up 3 7-14 86 86 - - - - - -
Harvey et al. [46] - - 7/505 Biopsy - - 1-22 89 45 - - - - - -
Panigrahi et al. [50] 49 14/1052 Biopsy 10 1-22 81.8 97.2 30.4 - - 0.94
Romeo et al. [39] 180 64/98 Biopsy/ follow-up 2 8-16 97 95 95 98 - =
Seppala et al. [53] 56 23/100 Biopsy 3 6—22 69.6 77.9 - - - - 0.54 0.53
Zelst et al. [65] 85 31/100 Biopsy/ follow-up 7 6—15 84 82 45 - - 0.73
Dialani et al. [55] 7/259 7/259 Biopsy/ follow-up 5 4-—-28 77 81 - - - - - -
91 76 - - - - - -
91 89 - - - - - -
Jones et al. [56] 56 56/125 Biopsy/ follow-up 8 2-28 88 87 - - - - 0.66 0.63
Marquina et al. [59] 12 11/82 Biopsy/ follow-up 1 > 10 100 91.43 47.83 100 - -
Scoggins et al. [62] 20 6/73 Biopsy/ follow-up 16 1-27 100 73.6 5 100 0.68
100 77.8 5.9 100 0.51
100 93 16.7 100 0.37
Table 4
Performance of ABB-MRI protocols in screening settings for women at middle or moderate risk of breast cancer because of personal or familiar history.
Study Lesions  Cancers/ Subjects  Reference Readers  Exper. (years) Sens. Spec. PPV PNV Agree.
Kuhl et al. [19] 34 11/443 Biopsy/ follow-up 2 618 100 94,3 24,4 100 - =
Moschetta et al. [36] 185 75/470 Biopsy 2 NR 89 91 64 98 - -
Jain et al. [37] 40 10/591 Biopsy 2 NR 100 95.17 28.2 100 - -
Kang et al. [71] 358 9/358 Biopsy 3 4-10 92.6 94.4 30.3 99.7 0.69
Choi et al. [52] 97 12/725 Biopsy 2 7-12 100 89.2 61.5 - - - -
Goto et al. [66] 215 106/200 Biopsy 2 6—12 100 56.8 40.9 - - - - 0.74
Ha et al. [43] 149 51/2310 Biopsy 2 8-15 94.1 92.2 97.6 98.6 34.547.5 99.92 99.89 - -
An et al. [58] 32 21/763 Biopsy/ follow-up 3 9-16 95.2 98 57.1 99.9 - -
Kwon et al. [44] 29 10/973 Biopsy 5 NR 71.4 98.2 50 99.6 - -
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Table 5

Performance of ABB-MRI protocols in screening clarification settings.
Study Lesions Cancers/ Subjects Reference Readers Exper. (years) Sens. Spec. PPV PNV Agree.
Bickelhaupt et al. [69] 50 22/50 Biopsy 2 2-6 - — 89.3 87.6 96.1 0.92
Bickelhaupt et al. [70] 115 42/115 Biopsy 2 <1-6 95.12 89.19 - - - - 0.82

Table 6

Performance of ABB-MRI protocols in screening settings for asymptomatic or health women.
Study Lesions Cancers/ Subjects Reference Readers Exper. (years) Sens. Spec. PPV PNV Agree.
Strahle et al. [40] 435 6/671 Biopsy 4 6—12 - - - - 41.2 - - - -
Comstock et al. [34] 126 22/1444 Biopsy 2 NR 95.7 86.7 19.6 - - - -

Table 7

Performance of ABB-MRI protocols in recurrence, disease extension and staging settings.
Study Lesions Cancers/ Subjects Reference Readers Exper. (years) Sens. Spec. PPV PNV Agree.
Girometti et al. [74] 36 36/87 Biopsy 4 15-20 86 100 - - 76.2 84.6 - - - -
Lee-Felker et al. [57] 116 81/81 Biopsy or follow-up 8 1-25 99 97 98 95 0.83
Park et al. [60] 20 10/656 Biopsy/ follow-up 1 NR 70 98 35 99.5 - -

settings. For cost-effectiveness analyses of abbreviated MRI protocols, it
is important to realize that time saving must consider both scan-related
and non-scan-related activities, in order to compute the real value of an
abbreviated MRI study.

4. Conclusions

Several studies in the literature have proposed the use of abbreviated
MRI protocols for breast cancer. Most of them were assessed for
screening purposes; however, the most recent publications have
considered other diagnostic tasks, such as recurrence, staging, screening
clarification, and disease extension. Overall, the abbreviated protocols
have diagnostic performances comparable to that of the standard breast
MRI protocol, except for the tumor extent estimation, when the
concordance rate between the extent estimated by image interpretation
and pathological results was higher for the complete protocol than ABB-
MRI. Moreover, abbreviated MRI has also been shown to have superior
cancer yield to that of digital breast tomosynthesis (DBT).

Abbreviated protocols were initially comprised of a subset of se-
quences of the standard complete protocol. However, at last times, the
use of ultrafast o high temporal resolution (HTR) sequences has been
introduced in both standalone and added to abbreviated MRI schemes.
Ultrafast MRI sequences seem to be a really viable alternative since they
allow a kinetic analysis of the contrast enhancement uptake of the le-
sions. On the other hand, unenhanced or free contrast MRI techniques
such as diffusion-weighted imaging (DWI) are also being investigated
because gadolinium deposition in the brain recently described. These
have shown a larger cancer detectability of mammography but slightly
inferior to DCE based MRI protocols.

In summary, shorter imaging times achieved with the abbreviated
MRI protocols have the potential to increase efficiency in breast imaging
practice, which would be expected to improve their cost-effectively even
for the screening of increased-risk women such as women with dense
breast tissue. However, further studies about the effect on clinical out-
comes, physicians and patients acceptability, and cost-effectiveness
compared with other technologies such as ABUS or CES are also
required.
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