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Abbreviated MRI is an umbrella term, defined as a focused MRI examination tailored to answer a single specific clinical question.
For abbreviated breast MRI, this question is: “Ts there evidence of breast cancer?” Abbreviated MRI of the breast makes maximum
use of the fact that the kinetics of breast cancers and of benign tissue differ most in the very early postcontrast phase; therefore,
abbreviated breast MRI focuses on this period. The different published approaches to abbreviated MRI include the following
three subtypes: () short protocols, consisting of a precontrast and either a single postcontrast acquisition (first postcontrast
subtracted [FAST]) or a time-resolved series of postcontrast acquisitions with lower spatial resolution (ultrafast [UF]), obtained
during the early postcontrast phase immediately after contrast agent injection; (4) abridged protocols, consisting of FAST or UF
acquisitions plus selected additional pulse sequences; and (¢) noncontrast protocols, where diffusion-weighted imaging replaces the
contrast information. Abbreviated MRI was proposed to increase tolerability of and access to breast MRI as a screening tool. But
its widening application now includes follow-up after breast cancer and even diagnostic assessment. This review defines the three
subtypes of abbreviated MRI, highlighting the differences between the protocols and their clinical implications and summarizing
the respective evidence on diagnostic accuracy and clinical utility.
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RI is one of the most powerful imaging methods of
Mcontemporary medicine (1). Efforts are ongoing to
provide even more varieties of image contrast, more func-
tional information, and reduce acquisition times of estab-
lished pulse sequences. The latter led to the introduction
of parallel imaging (sensitivity encoding) (2), data spar-
sity imaging (compressed sensing) (3), and, recently, ar-
tificial intelligence—based image reconstruction (4). This,
together with greatly increased computing power and
thus reconstruction speed, has accelerated image acquisi-
tion. And yet, time slots reserved for MRI examinations
have remained fairly constant, at least in academic de-
partments (5,6). Hence, faster acquisition strategies have
apparently mainly been invested to acquire more com-
prehensive diagnostic information. This may perpetuate
the perception of MRI as a complex third-line imaging
method, limiting access to MRI in many clinical settings
where it could be beneficial. This is where abbreviated
MRI comes in.

Rationale for Abbreviated MRI

Abbreviated MRI is an umbrella term. It is defined as a
focused version of an MRI examination, tailored to answer
a single specific clinical question. The first clinical applica-
tion was on the breast. But from the outset, the expecta-
tion was translation to other organ systems (7,8). Current
clinical applications include screening or surveillance of
prostate (8,9), liver (10), and rectal (11) cancers, and cys-
tic pancreatic lesions (12), as well as for acute trauma (13)
and diagnostic MRI in pediatric patients to avoid sedation
(14). Accordingly, abbreviated MRI is meant to amend,
not replace, the current way we use MRI in clinical prac-
tice. The overall goal is to expand the role of MRI to clini-
cal applications once thought inconceivable for reasons of
cost, capacity, and/or patient tolerability.

Abbreviated breast MRI was first proposed as a method
to increase access to MRI screening (15). The specific clini-
cal question to answer is: “Is there evidence of breast can-
cer?” Screening means sieving a large cohort of healthy
individuals to identify the few who may have cancer.
To be practicable, tolerable, and affordable on a popu-
lation-wide scale, screening should consist of acceptably
convenient procedures that are fast and easy to perform
and interpret—quite the opposite of conventional breast
MRI protocols.

Abbreviated MRI introduces what one could call a
“pulse sequence economy.” It promotes focusing on the
few pulse sequences that provide the highest (diagnostic)
return on (magnet and reader time) investment. The ques-
tion is then: “What components of breast MRI protocols
are essential to identify breast cancer?” This decision, in
turn, is guided by the question: “What is the most power-
ful diagnostic information to be worked out?”

Diagnostic criteria in breast MRI are based on the as-
sessment of contrast enhancement. Even when using the
Breast Imaging Reporting and Data System (BI-RADS)
lexicon to describe lesion morphologic characteristics, we
refer to the morphologic characteristics of only the en-
hancing part of a given lesion (16). Accordingly, contrast
enhancement is the key feature for detection and classi-
fication of lesions. For the assessment of morphologic
details of enhancing tissues, high spatial resolution is an
obvious requirement. Of similar importance, however, is
high contrast (ie, high signal intensity difference) between
the enhancing tumor and its background of normal fibro-
glandular tissue (ie, background parenchymal enhance-
ment [BPE]). In cancers with persistent enhancement
and very low BPE levels, lesion-to-background contrast
may increase over the postcontrast period. However, usu-
ally this contrast is highest in the early postcontrast phase,
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Abbreviations

BPE = background parenchymal enhancement, DBT = digital breast
tomosynthesis, DCE = dynamic contrast-enhanced, DWI = diffusion-
weighted imaging, FAST = first postcontrast subtracted, UF = ultrafast

Summary

An umbrella term, abbreviated MRI is a focused version of an MRI
examination, tailored to answer a single specific clinical question—for
abbreviated breast MRI, this is whether there is evidence of breast
cancer—and through intelligent selective pulse sequences, intends

to maximize diagnostic “return” on magnet and radiologist time
“investment.”

Essentials

m Abbreviated MRI means using MRI in a more targeted way; rather
than a simple truncation of traditional pulse sequence protocols,
it promotes selective use of pulse sequences that are sufficient to
answer a single specific clinical question.

m Abbreviated MRI has been proposed to increase access to
and tolerability of breast cancer screening or surveillance;
published indications also include diagnostic assessment, such as
management of equivocal microcalcifications, and preoperative
local staging.

m Three subtypes of abbreviated breast MRI protocols are as follows:
(a) short protocols, consisting of a precontrast and either a single
postcontrast acquisition (first postcontrast subtracted [FAST])
or a time-resolved series of postcontrast acquisitions with lower
spatial resolution (ultrafast [UF]), both obtained during the early
postcontrast phase; () abridged protocols, consisting of FAST or
UF plus selected additional pulse sequences; and (c) abridged
noncontrast protocols.

m The diagnostic accuracies associated with the different short and
abridged protocols are equivalent to those of the respective full
protocols; data on noncontrast abbreviated protocols are not yet
available.

m Abbreviated MRI with abridged protocols has successfully been
used within clinical trials as a standalone method for screening,
surveillance, and staging; most evidence exists for the combination

of FAST plus T2-weighted imaging.

diminishing thereafter due to washout or plateau enhancement
of invasive cancers and progressively increasing BPE (Figs 1, 2).
Accordingly, the early postcontrast phase, defined as the first 60
seconds after contrast agent injection, is the cornerstone of breast
cancer detection and classification in breast MRI, be it in full or
abbreviated protocols.

Taxonomy of Abbreviated Protocols

Therefore, the first approach to abbreviated breast MRI was
to focus on the early postcontrast period and use high-spatial-
resolution imaging to characterize lesions with fast and strong
enhancement based on their morphologic features (Fig 3)
(7). This approach was named first postcontrast subtracted
(FAST) MRL

Since then, many studies with variable acquisition protocols
have been published under the name “abbreviated MRI.” How-
ever, what defined abbreviated MRI in the respective studies
ranged from “shorter than one’s own regular protocol” to “any
protocol with only one postcontrast acquisition” (ie, nondy-
namic imaging), to “any protocol that takes less than 10 min-
utes.” These definitions are not in agreement with the concept

of abbreviated MRI as discussed above. Rather than a simple
truncation of traditional protocols, abbreviated MRI implies an
intelligent and selective use of MRI pulse sequences.

The notion that abbreviated MRI would imply nondynamic
imaging led to the misconception that abbreviated MRI would
abandon using enhancement kinetics for differential diagnosis
in breast MRI. Rather, abbreviated MRI takes maximum advan-
tage of enhancement kinetics of benign and malignant lesions,
which differ most in the early postcontrast phase (17). All imag-
ing criteria for enhancement kinetics used for regular dynamic
contrast-enhanced (DCE) breast MRI may also be used for in-
terpretation of abbreviated MRI. The only kinetic information
lost specifically with short-protocol subtypes of abbreviated MRI
(explained herein) is that of late-phase enhancement, and even
this kinetic information is at least partly retained with other sub-
types of abbreviated MRI (18).

Confusion can also be caused when the terms “abbreviated
MRI” and “ultrafast MRI” (19), hereafter UF MRI, are used as
if they represent similar approaches (20), with UF being “faster
than FAST.” In fact, UF MRI means to continuously monitor
contrast enhancement during the wash-in phase through time-
resolved imaging. Thus, FAST and UF MRI require about the
same acquisition time; both are acquired before and during the
early postcontrast phase, during which either a single high-spa-
tial-resolution image is generated (FAST) or many lower-reso-
lution images (UF). UF MRI is not abbreviated MRI, but is a
pulse sequence that has so far mainly been used as a component
of conventional breast MRI protocols (Fig 4-6).

To provide some guidance for future communication and re-
search, the following terminology is recommended (Fig 5).

A full breast MRI protocol consists of a DCE series (ie, one
precontrast and several postcontrast acquisitions covering also
the late postcontrast period, with or without an integrated UF
series). In addition, T2-weighted sequences with and/or with-
out fat suppression, plus additional planes, are acquired. Full
protocols that acquire additional functional information (eg, by
diffusion-weighted imaging [DW1]) are “multiparametric.” Both
full and multiparametric protocols can be categorized as conven-
tional breast MRI. In this context, conventional does not refer
to the acquisition method, which can be novel or experimental,
but denotes the philosophy of MRI use, where the examination
is meant to maximize diagnostic information for a given patient.

Abbreviated protocols, on the other hand, can be subdivided
into the following three subtypes: short protocols, abridged pro-
tocols, and noncontrast protocols.

Short Protocols

FAST MRI.—With FAST MRI, the acquisition protocol is sim-
ple (Fig 6) and limited to one precontrast and one postcontrast
T1-weighted acquisition with identical spatial resolution and
geometry (Figs 3, 7). The postcontrast sequence must start im-
mediately after injection of the contrast agent and the saline
flush. The acquisition time must be short enough to capture
the early postcontrast period (ie, approximately 60 seconds),
in agreement with Kaiser and Zeitler’s concept of DCE MRI
(17). Spatial resolution must be high enough to resolve small
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anatomic details. Our institutional protocol offers a nonin-
terpolated in-plane resolution of 0.6 x 0.6 mm and a section
thickness of 2-3 mm (21).

For our FAST protocol, we prefer the axial orientation. This
allows bilateral imaging with the lowest possible number of

Kuhl

sections and with direct side-by-side comparison of both breasts,
which is helpful for characterizing non—mass enhancement (22).

We do not use active fat suppression. Instead, we deliber-
ately retain the signal from fat to exploit the MRI signal and
the morphologic (architectural) information it provides (Fig 7).

Invasive breast cancer
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BPE with type 1 time course (persistent)
MR-ACR ¢ — moderate enhancement

1 min. 2 min. 3 min. 4 min.
Before after contrast
contrast Time agent injection

Figure 1:  Graph shows enhancement patterns of breast cancer and normal fissue, and its im-
plication for abbreviated breast MRI. The early and fast enhancement of breast cancers in the initial
postcontrast phase is frequently followed by a washout (ie, loss of signal intensity) after the initial
phase. Normal fibroglandular fissue exhibits steady (persistent) enhancement. The signal intensity
difference (yellow) between breast cancer and normal fibroglandular tissue is highest during the
immediate postinjection period (gray) and will decrease during later phases. The “c” denotes mod-
erate enhancement of normal fibroglandular fissue at MRI. ACR = American College of Radiclogy,
BPE = background parenchymal enhancement.

Acquisition time 120 seconds per dynamic frame

Figure 2:

On non—fat-suppressed precontrast T1-weighted
and/or T2-weighted images, fat helps assess tumor
margins and their growth patterns with regards to
Cooper ligaments, similar to mammography or
digital breast tomosynthesis (DBT), where fat is the
only “contrast agent” that enables this assessment.
Moreover, fat yields high signal intensity in T1- and
T2-weighted imaging, thus improving the overall
image signal to noise ratio, which is an important
aspect in fast dynamic imaging.

Selective visualization of enhancement is
achieved by subtraction. Subtraction is needed re-
gardless of whether breast MRI is acquired with or
without active fat suppression. This is because, in
acquisitions with active fat suppression, tissues with
a short T'1 relaxation time (eg, proteinaceous fluid
in cysts or dilated ducts) will yield high signal inten-
sity that can mimic enhancement.

To improve subtraction, we gently fixate the
breast in the craniocaudal direction. This also re-
duces the breast volume in the slice-encoding direc-
tion. Thus, in our FAST protocol, 25-31 sections
suffice to cover the breast, which helps reduce both
acquisition time (with two-dimensional multislice
imaging) and radiologist reading time.

Acquisition time 60 seconds per dynamic frame

Breast MR in a 44-year-old female patient with biopsy-proven cancer in the left breast, who underwent preoperative dynamic contrast-enhanced imaging for

staging fwice, shows the impact of temporal resolution on detectability of cancer. (A) Images acquired with high spatial resolution and low temporal resolufion (120 seconds per

dynamic frame) show the cancer is barely visible. (B) Images acquired the next day with lower spatial and higher temporal resolufion (60 seconds per dynamic frame) show the

cancer is perfectly visible. Note that, due to early and strong washout of the cancer combined with sirong background parenchymal enhancement (BPE), the contrast between the

cancer and adjacent normal tissue is cancelled out already at 120 seconds after contrast agent injection in the high spatial and low femporal resolution acquisition in A. When the

patient was called back and breast MRI with a temporal resolution of 60 seconds was used (B), the cancer appeared at its peak enhancement and BPE was still low or absent.

MIP = maximum intensity projection.
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A Pre-contrast

acquisition time: 60 sec

First post-contrast subtracted
<

Postcontrast subtracted images are fused to a single maxi-
mum intensity projection (MIP). These MIPs can be helpful to
quickly sort out negative screening studies (eg, in a population

screening setting). However, MIPs are quasi-summation im-
ages. They do not allow an analysis of lesion margins or internal
architecture, which is the domain of cross-sectional imaging
(FAST images and their respective nonsubtracted source im-
ages). Moreover, whenever there is patient motion, subtraction
artifacts can degrade MIP reconstructions. Because MIPs are
not sufficient to establish a final diagnosis, it is inappropriate
to report on diagnostic accuracies of MIP interpretation alone.

UF MRI.—UF MRI means MR imaging with very high temporal
resolution before and during the first 1-2 minutes after contrast
agent injection (ie, during the wash-in phase). Images are acquired
continuously every 3—6 seconds per dynamic frame for approxi-
mately 20 dynamic frames (ie, approximately 60-120 seconds)
(Fig 6). UF MRI uses methods developed for time-resolved MR
angiography, such as TWIST (time-resolved angiography with in-
terleaved stochastic trajectories), TRICKS (time-resolved imaging
of contrast kinetics), or four-dimensional TRAK (time-resolved
MR angiography with keyhole) (19,23). A common principle of

Post-contrast

acquisition time: 60 sec

Figure 3: Short-protocol abbreviated MRl with first
postcontrast subtracted (FAST) MRl in a 55-year-old female
patient with nondense breasts (Breast Imaging Reporting and
Data System b; ie, scattered areas of fibroglandular density).
(A) Pre- and postcontrast MRI source images (top) with FAST
and maximum intensity projection (MIP) images (bottom)
show a suspicious mass in the retro-areolar region of the right
breast. (B) Synthesized two-dimensional digital breast fomo-
synthesis images are negative. Biopsy confirmed high-grade
triple-negative invasive breast cancer (no special type, Ki-67

level of 55%, pT1b NO MO).

these time-resolved approaches is that the contrast information
is collected at each time point, whereas the spatial information
is successively sampled over several consecutive dynamic frames,
which is a principle called “view sharing” or “keyhole” (24).

Like conventional DCE breast MRI (or its abbreviated ver-
sion, FAST), UF MRI exploits the fact that enhancement ki-
netics of normal and/or benign tissues and that of malignant
lesions differ most during the early postcontrast phase. In UF
MRI, the main kinetic criteria are the time it takes for a le-
sion to start enhancement relative to the opacification of the
thoracic aorta and the slope of the enhancement curve (19,25),
although many more kinetic features are derivable from the
acquired data sets (26-31).

A downside of UF MRI is that the resulting spatial resolution
is not always satisfactory. High acceleration factors, view shar-
ing, and compressed sensing methods can lead to image blur-
ring. This may explain why, so far, UF MRI has mostly been
used within DCE protocols or framed by additional precon-
trast and postcontrast high-spatial-resolution acquisitions (27).
Thus, UF MRI offers powerful additional kinetic criteria for dif-
ferential diagnosis, yet possibly at the expense of the ability to
judge lesion morphologic features (Fig 4).
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A The concept of Ultrafast MRI
T4
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Figure 4: Breast MR in a 38-year-old female patient who underwent contrast-enhanced imaging twice, once with regular dynamic contrast-enhanced (DCE) MRI and,
on the next day, with ultrafast (UF) MRI. The patient had triple-negative breast cancer in the back of the left breast, a second breast cancer (no special type, luminal B, G3) in
the retro-areolar region, and extensive high-grade ductal carcinoma in situ. (A) UF images acquired with a temporal resolution of 3.5 seconds per frame over 16 dynamic
frames show opacification of the right ventricle in the fourth dynamic frame (T4) and opacification of the descending aorta in the fifth dynamic frame (T5, arrow). The cancer
starts fo enhance already on the next frame (T6, arrows) and there is peak enhancement in both cancers at T8, which is two dynamic frames, or 7 seconds, after opacification
of the aorta. Non-mass enhancement due fo extensive ductal carcinoma in situ occurs only later. (B, €) Images show a comparison of image quality in UF MRI (B) versus
conventional DCE MRI with first postcontrast subtracted (FAST) imaging (€). Note the blurred lesion contours on UF images, and similar cancer-to-background contrast on
the UF and FAST images. MIP = maximum intensity projection.

It is due to the introduction of UF MRI, however, that the  the highest achievable temporal resolution, which at the time
radiologic community rediscovered the importance of early  of Kaiser and Zeitler (17) had been 60 seconds per dynamic
time-resolved imaging for breast MRI. From its outset, con-  frame. Over the decades, many breast MRI protocols ac-
ventional DCE breast MRI also had been recommended with ~ cepted longer acquisition times (ie, accepted a lower temporal
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Breast MRI
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Figure 5:

Graphic shows a proposed classification system of breast MRI acquisition strategies. CEST = chemical exchange saturation transfer, DCE = dynamic

contrast-enhanced, DWI = diffusion-weighted imaging, FAST = first postcontrast subtracted, FatSat = fat saturation, MRS = MR spectroscopy, T2w = T2-weighted

imaging, UF = ultrafast.

A Multiparametric breast MRI using regular dynamic contrast-enhanced (DCE) imaging
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B short protocol subtype of abbreviated breast MRI using FAST
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C Multiparametric breast MRI using ultrafast and DCE imaging
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Graphic shows a comparison of multiparametric breast MRI using (A) “regular” dynamic contrast-enhanced (DCE) MRI versus (B) short-profocol breast

MRI based on DCE MRI (ie, first postcontrast subtracted [FAST]), (€) multiparametric breast MRI using ulirafast (UF) MRI, and (D) short-protocol breast MRI using UF

MRI. DWI = diffusion-weighted imaging, TSE = turbo spin echo, T2w = T2-weighted.

resolution) in order to increase their spatial resolution. Many
current protocols take 120 seconds per dynamic frame, or
more, and/or delay the postcontrast acquisitions. Thus, the re-
spective first postcontrast images are acquired when BPE and/
or washout of invasive cancers can already be substantial (Fig
1). Strong BPE can both mask and mimic malignant lesions.

The masking effect of BPE can be aggravated when there is also
early washout, which is observed especially in aggressive can-
cers (Fig 2). Methods that capture the early postcontrast phase,
such as UF MRI or conventional DCE MRI protocols that ad-
here to the recommendations of Kaiser and Zeitler, effectively
avoid BPE. Thus, UF MRI and such DCE MRI protocols will
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Figure 7: (A-D) Abridged-protocol abbreviated MRI with first postcontrast subtracted (FAST) plus T2-weighted imaging in a 52-year-old female
patient with bifocal invasive breast cancer (no special type, G2, pT1b-m) shows the value of retaining fat signal. The subtraction image (D) shows an

apparently oval well-circumscribed enhancing mass with fairly smooth margins and homogeneous enhancement, and a small satellite. The non-fat-sup-

pressed precontrast image (A), as well as the non-fat-suppressed T2-weighted image (€), show the architectural distortion and nonenhancing spicules.

be similarly useful to help avoid missing the peak enhancement
of cancers, as well as the masking effect of BPE; both, therefore,
will ensure a more selective visualization of malignant lesions
for improved sensitivity and specificity.

FAST or UF2—UF MRI is an emerging method. Current re-
search mainly investigates its use as a component of full or
multiparametric protocols. Recent examples are the study by
Ramtohul et al (26) on assessing systemic treatment response
and the study by Miceli et al (31) on predicting upgrade to
invasive cancer in patients with ductal carcinoma in situ.
Published evidence on UF MRI as a standalone method for
abbreviated MRI consists of, so far, four retrospective stud-
ies involving 479 patients (28-30,32). In comparison, the
diagnostic accuracy of FAST for abbreviated MRI has been
tested in 16 prospective or retrospective studies involving
5074 individuals.

UF MRI again adds complexity to image acquisition and
image interpretation, whereas one important objective of in-
troducing abbreviated MRI has been to facilitate a simple and
short screening method. In addition, UF MRI requires cut-
ting edge MRI technology with regards to system software
and hardware, whereas the technology required for FAST is
available on basic MRI system:s.

Radiology: Volume 310: Number 3—March 2024 = radiology.rsna.org

Abridged-Protocol MRI

Abridged-protocol MRI means to carefully select additional
pulse sequences beyond the core (ie, the precontrast plus early
postcontrast acquisitions obtained with FAST or UF MRI).
The question is then: “Which pulse sequence to add?”

Published abridged short protocols add T2-weighted
imaging or DWI, and/or additional postcontrast dynamic
acquisition(s), the latter termed rapid abridged multiphase
(RAMP) (18). The RAMP protocol enables retaining some
of the differential diagnostic information provided by time—
signal intensity curve analysis. Washout of cancer occurs im-
mediately after peak enhancement, approximately 90-120
seconds after contrast agent injection. Thus, adding a second
or third postcontrast acquisition is helpful to capture this
washout and to improve conspicuity of malignant lesions
with persistent enhancement (eg, ductal carcinoma in situ,
low-grade invasive cancers) in patients with low BPE levels
(Fig 8).

Being able to capture washout can be relevant for distin-
guishing enhancing masses with benign-appearing morpho-
logic features, where the main differential diagnosis is between
rapidly growing, biologically aggressive invasive cancer and
fibroadenoma. Biologically aggressive cancers will consis-
tently exhibit strong angiogenic activity, with fast wash-in and
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Pre contrast

1st post contrast

nd post contrast

Figure 8: Abridged protocol subtype of abbreviated MRI, ie, first postcontrast subtracted (FAST) plus additional postcontrast acquisition plus T2-weighted imaging
in a 58-year-old female patient with ductal carcinoma in situ and bifocal invasive breast cancer. (A) Abridged-protocol dynamic images consisfing of one precontrast
and two consecutive postcontrast acquisitions, taking 60 seconds each, and a T2-weighted acquisition, and (B) the respective postprocessed images consisting of FAST
and second postcontrast subtracted (SAST) images and their respective maximum infensity projections (MIPs) show two enhancing masses with oval shape oriented along
the breast's long axis, with smooth borders and homogeneous internal enhancement in the left breast. The second postcontrast acquisifion helps detect washout indicative
of malignancy and improves delineation of subtle ductal carcinoma in situ. Low signal intensity of enhancing masses in the T2-weighted image corroborates diagnosis of

cancer versus fibroadenoma.

washout. While fast wash-in is often observed in fibroadeno-
mas, washout is infrequent (Fig 8) (33).

Our clinical abridged protocol is based on FAST and adds
a second postcontrast dynamic acquisition (ie, rapid abridged
multiphase) and a high-spatial-resolution non—fat-suppressed
T2-weighted acquisition (34), for a total acquisition time of 6
minutes (Fig 8).

To our knowledge, there is no evidence on which additional
pulse sequence provides the best added value. Considering
the equivalent diagnostic accuracies of all published short and
abridged protocols compared with the respective full protocols
discussed herein, this decision is likely related to personal pref-
erence and the image quality of a particular clinical practice.
For example, UF MRI may not be readily obtained with older
magnets or breast coils, or facilities may lack radiologists who
can interpret DWI. Thus, beyond the perceived need to stan-
dardize procedures in clinical medicine, the choice of which
additional pulse sequence, or sequences, to add should be
based on each radiologist’s preference, stability of achievable
image quality, ease of performance in a clinical setting, and
additional reading time.

This flexibility in imaging protocol was implemented in the
multicenter study by Comstock et al (35) (ECOG-ACRIN
Cancer Research Group study no. EA1141, hereafter called
EA1141), which compared short-protocol abbreviated MRI
with DBT. In that study, the inclusion of additional pulse se-
quences was left up to the individual participating site radiolo-
gist to decide. The only requirement was that the entire pulse
sequence protocol should be less than 10 minutes. This stipula-
tion should not be misunderstood as a proposed definition of
abbreviated MRI.

Noncontrast Abbreviated MRI

The concept of noncontrast abbreviated MRI is to replace the
functional information usually provided by DCE MRI with
DWI using T2-weighted imaging to recover some structural
information (36,37). The aim is to avoid the costs, logistic
requirements, and possible adverse effects associated with the
use of gadolinium-based contrast agents (GBCAs). Especially
when breast MRI is used serially in mostly healthy individuals
(ie, screening), the resulting high cumulative doses of GBCAs
have raised concerns regarding possible retention and deposi-
tion of gadolinium. Although macrocyclic GBCAs have not
been associated with such deposition (38), and despite the
fact that high-relaxivity contrast agents will further reduce
the injected GBCA dose (39) and artificial intelligence will
further reduce the need for contrast agents (40), it is obvious
that it is better to offer a screening test without intravenous
injection.

The basis of breast cancer detection in DWI is that, due to
the high cellularity of breast cancer, the mobility of free (in-
terstitial) water molecules is reduced. The distance that free
water molecules can travel per unit of time is called the appar-
ent diffusion coefficient. Invasive cancers exhibit lower appar-
ent diffusion coefficient values than normal tissue or benign
lesions. Because this difference increases with increasing cel-
lularity, and thus increasing biologic aggressiveness of cancers,
DWI appears promising for screening for prognostically im-
portant breast cancer. In a current review of noncontrast MRI
(not noncontrast abbreviated) for breast cancer screening using
readers who were blinded to clinical history and contrast-en-
hanced images, sensitivities ranged 45%-94% and specificities

ranged 79%-95% (41).
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Table 1: Prospective Reader Studies Using FAST for Short-Protocol MRI

Scan Time (min) No. of MRI
Women  Studies Cancers

Study ABMRI FDP MRI  Type of Cohort (n=1694) (n=2226) (n=32) Results
Kuhl et al, 3 17 Screening women at 443 606 11 Sensitivity, specificity, PPV,
2014 (7) average risk and NPV (nsd)
Harvey et al, 4.5 23 Screening women at 505 568 7 Cancer detection, FAST vs
2016 (42) high risk FDP; both 12.3 per 1000
Panigrahi et al, 3 24 Screening women at 746 1052 14 Sensitivity and specificity (nsd)
2017 (43) high risk

statistically significantly different, PPV = positive predictive value.

Note.—AB = abbreviated, FAST = first postcontrast subtracted, FDP = full diagnostic protocol, NPV = negative predictive value, nsd = not

However, in view of the limited evidence on noncontrast
protocols, this review article focuses on protocols that employ
contrast-enhanced imaging.

Scientific Evidence

Diagnostic Accuracy of Abbreviated versus Full-Protocol MRI
The diagnostic accuracy of abbreviated MRI has been com-
pared with full-protocol or multiparametric MRI mostly
through so called “reader studies.” In these reader studies, every
patient underwent full or multiparametric MRI protocols, and
the respective abbreviated protocol was then simulated in that
readers were provided with only a defined fraction of the ac-
quired images according to the respective authors” definition of
an abbreviated protocol.

Reader studies are well suited to compare the diagnostic ac-
curacies of abbreviated protocols with that of respective full or
multiparametric protocols because they offer an intraindividual
head-to-head comparison. In prospective reader studies, images
were interpreted as part of clinical reading, before reviewing the
respective full or multiparametric protocol, thus avoiding inter-
pretation and selection bias. Therefore, prospective reader stud-
ies provide more valid results than retrospective reader studies.

At the time this article was written, three prospective (7,42,43)
and 20 retrospective (18,28,30-32,44—58) reader studies have
reported results obtained in 6198 patients. The three prospective
reader studies used FAST MRI; most retrospective reader studies
added additional comparisons with various subtypes of abridged
protocols; and four reader studies used UF MRI. Meta-analyses
have already been published that summarize the results of the in-
dividual studies (59-61). However, these meta-analyses did not
distinguish between the different subtypes of abbreviated MRI.
Tables 1-4 provide results of the individual studies according to
subtype of abbreviated MRI.

Regarding sensitivity and cancer detection rates, each of the
tested subtypes of abbreviated protocols, including short proto-
cols (FAST and UF MRI), were equivalent to the respective full
diagnostic protocols.

Regarding specificity, for all subtypes of abridged-protocol
MR, and for the UF subtype of short-protocol MRI, published
results concordantly suggested either equivalent or even higher
specificity compared with the respective full protocols. For FAST
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MR, although three retrospective reader studies by Chen et al
(47,50) and Naranjo et al (58) reported a significantly lower
specificity, the majority (ie, 11 publications, notably including
the three aforementioned prospective reader studies) reported an
equivalent or higher specificity (7,42-44,46,48,51,53-55,57).

Altogether, based on the individual studies as well as pub-
lished meta-analyses, abbreviated MRI offers the same diagnos-
tic accuracy as full or multiparametric MRI protocols, and this
is true for abbreviated MRI with short as well as with abridged
protocols. Thus, it is incorrect to state that abbreviated protocols
would reduce specificity compared with full-protocol MRI, an
assumption seen in published cost-effectiveness analyses.

In view of the equivalent diagnostic accuracy of short and
abridged protocols, the question becomes: “How are the addi-
tional pulse sequences that make up abridged protocols justi-
fied?” In our experience, the additional sequences are currently
mainly needed to improve reader confidence when abbreviated
MRI is used in clinical practice rather than in research settings.
Research studies on abbreviated MRI have been reader studies,
where the use of abbreviated MRI was only simulated. In such
a virtual simulated research setting, the respective diagnoses will
not have clinical consequences, and readers were necessarily
aware of this. This is different when real decisions must be made
based on abbreviated protocols alone.

However, the equivalent diagnostic accuracies of short-proto-
col compared with full-protocol or multiparametric MRI dem-
onstrate that short protocols (FAST and possibly also UF MRI)
do provide all diagnostic information needed for reliable detec-
tion and differential diagnosis of breast cancer. With increasing
reader experience in interpreting short protocols, the confidence
in short-protocol abbreviated MRI will grow, likely obviating
the perceived need for the additional pulse sequences currently
used in abridged-protocol abbreviated MRI.

Diagnostic Accuracy of UF versus FAST MRI

While reader studies are useful to compare the performance of
abbreviated protocols with that of full or multiparametric pro-
tocols in the same patients, this is not true for the comparison
of the different subtypes of short-protocol MRI, namely FAST
and UE This is because both FAST and UF MRI imply imag-
ing before and immediately after contrast agent injection (ie,
during the early postcontrast phase). For a fair head-to-head
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Table 2: Retrospective Reader Studies Using FAST for Short- or Abridged-Protocol Abbreviated MRI
Scan Time (min)
_ No. of MRI
Type of AB FDP Women  Studies Cancers
Study ABMRI MRI MRI Type of Cohort (n=3380) (n=3515) (n=>544) Results
Mango etal, SP:FAST 10-15 30-40 Enriched cohort: 100 100 100 Across 4 independent
2015 (45) Patients with breast cancer readers, high sensitivity
Jain et al, SP: FAST NA NA Screening women 591 591 9 Sensitivity and false-
2016 (48) at high risk positive rate (nsd)
Chen et al, SP: FAST NA 12.5 Screening women with 478 478 16 Sensitivity (nsd);
2016 (50) dense breasts and negative specificity lower for
mammogram FAST vs FDP; PPV,
NPV, and AUC (nsd)
Petrillo etal, SP:FAST 3 17-20  Women undergoing MRI 508 508 207 Accuracy, exactly
2017 (51) for screening, assessment, or equivalent at patient or
staging lesion level
Seppalaetal, SP:FAST 4.5 17 Enriched cohort: 100 100 23 Pooled results across
2018 (53) 23 with cancer three readers;
33 with benign lesions sensitivity, specificity,
44 without lesion and accuracy (nsd)
Oldrini et al, SP:FAST 3 30—-60  Enriched cohort: 90 90 26 AUC (nsd), for both junior
2018 (54) 30 BI-RADS 4-5 and senior readers
30 BI-RADS 3
30 BI-RADS 1-2
Dialani etal, SP: FAST 3 16 Screening women 259 259 7 FAST vs FDP,
2019 (55) at high risk including prior MRI;
sensitivity, 93% vs
100%; specificity, 91%
vs 89%; no statistical
analysis
Wahab etal, SP: FAST 10 40 Enriched cohort: 32 32 3 Patients underwent
2021 (56) Women at high risk with FAST first and, in case
enhancing lesions of any suspicious
findings, underwent
FDP; no cancer missed
by AB MRI
Moraesetal, SP:FAST 3.5- 14— Women undergoing MRI 419 419 NA Sensitivity, specificity,
2022 (57) 5.5 27.5 for screening, assessment, or and PPV (nsd)
staging
Heacock et al, SP: FAST 4 35 Enriched cohort: 107 107 107 Sensitivity and
2016 (46) AP: FAST 12 Patients with breast cancer specificity (nsd)
+T12
Chen et al, SP: FAST 2 32 Screening women with 356 356 14 Sensitivity and NPV
2017 (47) AP: FAST 2.5 dense breasts and negative (nsd); specificity, lower
+ DWI mammograms for FAST, with no
difference between AP
vs FDP
Naranjo etal, SP:FAST 4 16 Screening women at high 292 427 20 Sensitivity, NPV, and
2022 (58) AP: FAST 8 risk (BRCA mutation accuracy (nsd);
+T2 carriers) specificity and PPV,
significany lower for
FAST, equivalent for
AP and FDP
Table 2 (continues)

comparison this requires two separate examinations, one with
UF MRI and then, on a separate day after contrast agent wash-
out, one with FAST MRI (or vice versa). However, all pub-
lished studies on the comparison of UF with FAST MRI, so
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far, have been reader studies. In each of these reader studies,
UF and FAST sequences were obtained within one examina-
tion, with UF MRI always obtained first, followed by DCE
(Fig 6C). Thus, the first postcontrast acquisitions (ie, the FAST
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Table 2 (continued): Retrospective Reader Studies Using FAST for Short- or Abridged-Protocol Abbreviated MRI

Scan Time (min)

No. of MRI

Typeof  AB FDP Women  Studies Cancers
Study ABMRI MRI MRI Type of Cohort (n=3380) (n=3515) (n=544) Results
Grimm etal,  APs only; 20 Enriched cohort: 48 48 12 Sensitivity and
2015 (44) AP1: FAST 5 12 with cancer specificity (nsd)

+T2 12 with benign lesions

AP2: 7 24 without lesion

RAMP +

T2

Note.—AB = abbreviated, AP = abridged protocol, AUC = area under the receiver operating characteristic curve, BI-RADS = Breast
Imaging Reporting and Data System, DW1I = diffusion-weighted imaging, FAST = first postcontrast subtracted, FDP = full diagnostic
protocol, NA = not available, NPV = negative predictive value, nsd = not statistically significantly different, PPV = positive predictive value,
RAMP = rapid abridged multiphase, SP = short protocol, T2 = T2-weighted imaging.

Table 3: Retrospective Reader Studies Using UF MRI for Short- or Abridged-Protocol Abbreviated MRI

lesions

Scan Time
(min)
_— No. of MRI
AB FDP Women  Studies Cancers
Study Type of AB MRI MRI MRI  Type of Cohort (n=479) (n=479) (n=220) Results
Machida et al,  SP: VIBE before NA NA  Enriched cohort: 88 88 28 Sensitivity, specificity, and
2016 (32) contrast and UF 28 with cancer PPV (nsd)
for 80 sec after 12 with benign
contrast agent lesions
injection 48 without lesion
van Zelst et al, SP: UF 1.6 13 Enriched cohort: 201 201 31 UF vs FDP with delayed
2018 (29) 31 with cancer postcontrast phase, pooled
54 with benign 7 readers; sensitivity (nsd);
lesions specificity, higher for UF
116 without lesion than for FDP with delayed
FAST; PPV and AUC
(nsd)
Oldrini et al, SP: UF 3 11.5 Enriched cohort: 70 70 58 Delayed FAST vs AP1/2 vs
2017 (28) AP1: 4.5 58 with cancer UF vs UF + AP vs FDP
delayed FAST + T2 48 with benign (nsd); specificity (nsd) for
AP2: UF + 4.5 lesions all approaches
delayed FAST + T2
Milon et al, AP1: 8 14 Enriched cohort: 120 120 103 AP1 vs AP2 vs FDP
2019 (30) delayed FAST + T2 103 with cancer (without UF); sensitivity
AP2: UF + 10 69 with benign (nsd); specificity,
delayed FAST + T2 lesions

7 with borderline

significantly higher for
UF vs delayed FAST

breath-hold examination.

Note.—AB = abbreviated, AP = abridged protocol, AUC = area under the receiver operating characteristic curve, FAST = first postcontrast
subtracted, FDP = full diagnostic protocol, NA = not available, nsd = not statistically significantly different, PPV = positive predictive value,
RAMP = rapid abridged multiphase, SP = short protocol, T2 = T2-weighted imaging, UF = ultrafast, VIBE = volumetric interpolated

images of the respective DCE protocols) were delayed by the
time needed to complete the UF sequence, which is not in
agreement with the concept of FAST MRI. Thus, while UF
imaging did cover the early postcontrast phase, it was consis-
tently missed by the respective conventional DCE protocol,
so that a true “first postcontrast subtracted” (FAST) image
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had, de facto, not been acquired. This will explain, at least in
part, the specificity advantage observed for UF MRI in com-
parison with what authors called “FAST” in these reader stud-
ies. Thus, more research on prospective clinical trials is needed
to further clarify the respective advantages and downsides of

both methods.
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Table 4: Retrospective Reader Studies Using Other Forms of Abridged Protocols
Scan Time
(min)
_ No. of MRI
AB FDP Women Studies Cancers
Study Type of ABMRI MRI  MRI  Type of Cohort (n=645) (n=0645) (n=200) Results
Moschetta etal,  AP: precontrast 10 16 Women undergoing 470 470 75 Sensitivity, specificity, PPV,
2016 (49) and third MRI for screening, and NPV (nsd)
postcontrast + assessment, or
T2 + STIR staging

Romeo et al, AP: dynamic 7 15 Enriched cohort: 98 98 64 Sensitivity, specificity, PPV,
2017 (52) series over 5 min Women with and NPV (nsd)

enhancing lesions
Choudhery etal, AP: RAMP 45 22 Women undergoing 77 77 61 Equivalent time course
2019 (18) MRI for screening, pattern for RAMP vs DCE

assessment, or MRI; AUC (nsd)

staging
Note.—AB = abbreviated, AP = abridged protocol, AUC = area under the receiver operating characteristic curve, DCE = dynamic
contrast-enhanced, FDP = full diagnostic protocol, NPV = negative predictive value, nsd = not statistically significantly different, PPV =
positive predictive value, RAMP = rapid abridged multiphase, STIR = short tau inversion recovery, T2 = T2-weighted imaging.

Clinical Performance of Abbreviated MRI

A clinical trial in this context is defined as a report on the
clinical use of abbreviated MRI as a definitive examination.
Trial participants underwent abbreviated MRI only (unlike in
reader studies, where all had undergone full or multiparamet-
ric MRI protocols). Accordingly, further patient management
had to be determined based on the results of the abbrevi-
ated protocol alone. Every clinical trial published so far has
employed abridged-protocol rather than short-protocol ab-
breviated MRI. The most frequently used abridged-protocol
subtype was the combination of FAST or rapid abridged mul-
tiphase (RAMP) with T2-weighted imaging.

At the time the currentarticle was written, 13 original articles
that include 9486 patients have been published to determine
the clinical performance of abbreviated MRI. Applications in-
cluded screening, surveillance after breast-conserving surgery
for breast cancer, and diagnostic assessment (35,62-73).

Screening.—Two retrospective single-center and one pro-
spective multicenter study (EA1141) have been published,
including 3894 patients with 74 screen-detected breast can-
cers (Table 5) (35,70,71).

The EA1141 study investigated invasive and overall can-
cer detection using abbreviated breast MRI compared with
DBT performed in the same 1444 participants with mostly
intermediately dense breasts. At the time of the first EA1141
screening round, 77% of participants had a breast density
categorized as American College of Radiology Breast Imag-
ing Reporting and Data System C (heterogeneously dense),
15% had D (extremely dense), and the remaining 9% had
lower densities. Abbreviated MRI and DBT studies in the
same participants were read independently of each other to
investigate the use of abbreviated MRI as a standalone screen-
ing tool rather than a supplement (35).
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The EA1141 study demonstrated 2.45-fold higher cancer
detection using abbreviated MRI (15.2 per 1000 at prevalence
screening) compared with DBT (6.2 per 1000). This is in good
agreement with the cancer detection rate (16.5 per 1000) ob-
served in the DENSE (Dense Tissue and Early Breast Neo-
plasm Screening) trial, where full-protocol MRI was used in
women with extremely dense breasts. Although EA1141 does
not enable a comparison with full-protocol MRI, the results
suggest that, regarding cancer detection, there is little room for
improvement, with a sensitivity of 100% (17 of 17) for invasive
cancer and 95.7% (22 of 23) for overall cancer detection. The
specificity of abbreviated MRI (87%) was significantly lower
than that of DBT (97%). The key question is whether full-pro-
tocol MRI would have offered a higher specificity. Although
the EA1141 study design does not allow us to answer this
question, the specificity observed in EA1141 meets the Breast
Imaging Reporting and Data System performance benchmarks
established for full-protocol MRI (74). Most EA1141 sites
were in private or community practice settings; the specificity
reported in the EA1141 study compares favorably with that
of full-protocol MRI published for U.S. community practices
(75). Therefore, the performance of abbreviated MRI within
EA1141 is likely representative of the clinical performance of
full-protocol MRI in the United States.

Surveillance after breast conservation surgery.—One prospec-
tive and seven retrospective clinical studies that included 5348
patients investigated the surveillance of patients after breast cancer
(Table 6) (62-69). Recurrent ipsilateral or contralateral cancer was
diagnosed in 106 patients, for an average cancer detection rate of
19.7 per 1000. Two articles compared the clinical performance of
abbreviated MRI with a matched cohort undergoing full-protocol
MRI (63,69). Both observed a higher specificity and positive pre-
dictive value for abbreviated MRI compared with full-protocol
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Table 5: Evidence on the Use of Abbreviated MRI for Screening

Scan No. of MRI
Type of Time Women Studies Cancers
Study Study Design ~ AB MRI (min) Type of Cohort (7 =3894) (n=4956) (n=74) Results
Comstock et al, Prospective, AP: 8.3 Screening of 1444 1444 23 AB MRI vs DBT
2020 (35) multicenter variable (mean) women at (prevalence screening):
(<10 min) average risk CDR, 15.2 vs 6.2 per
with ACR 1000 (significant);
BI-RADS ¢ sensitivity, 96% vs
or d breast 39% (significant);
composition specificity, 87% vs
97% (significant); PPV,
20% vs 31% (nsd)
Weinstein et al, ~Retrospective, AP: NA Screening of 475 475 13 AB MRI (prevalence
2020 (70) single center ~ FAST women at screening): CDR, 27.4
+T2 average risk per 1000; PPV, 31%
with dense (12/39)
breasts
Kwon et al, Retrospective, AP: 10 High to 1975 3037 38 AB MRI: 29 of 38
2021 (71) single center ~ RAMP intermediate cancers identified by AB
+T2 risk screening MRI, 9 missed by AB

MRI, 7 of 9 identified
by DM and/or US; 2
interval cancers missed
by all 3 methods;
interval cancer rate,
0.66 per 1000; CDR,
8.9 per 1000; AB MRI
PPV and sensitivity
increased from year 1 to
year 2 to year 3

Note.—AB = abbreviated, ACR = American College of Radiology, AP =

multiphase, T2 = T2-weighted imaging.

abridged protocol, BI-RADS = Breast Imaging Reporting and

Data System, CDR = cancer detection rate, DBT = digital breast tomosynthesis, DM = digital mammography, FAST = first postcontrast
subtracted, NA = not available, nsd = not statistically significantly different, PPV = positive predictive value, RAMP = rapid abridged

MRI in the respective control cohort. Where the diagnostic per-
formance of abbreviated MRI was compared with conventional
imaging, a significantly higher recurrent cancer detection rate and
a higher specificity and positive predictive value were observed
for abbreviated MRI than for mammography or DBT, especially
when US was added to mammography.

Diagnostic assessment.—There is a current paucity of data
on the use of abbreviated MRI for diagnostic assessment of
mammographic or US findings, and we suggest that in such
situations, full protocols should be given priority. Gweon et al
(72) prospectively used abridged-protocol MRI (FAST plus
T2-weighted MRI) in 80 patients for workup of mammographic
microcalcifications categorized as Breast Imaging Reporting and
Data System category 4. Results were in perfect concordance
with those published in a prior study with full-protocol MRI
(76), suggesting equivalent usefulness for this purpose.

In a retrospective reader study, Shiraishi et al (73) com-
pared abbreviated with full-protocol MRI for delineating
the extent of disease in 164 patients with pure ductal carci-
noma in situ (DCIS). The correlation between predicted and
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histopathologically confirmed DCIS size was similar for both
protocols. However, whereas underestimation of extent was
more frequently observed with FAST MRI, overestimation was
more frequently seen with full-protocol MRI. This is explain-
able due to slow persistent enhancement of DCIS. The study
also demonstrates that, although the complete extent of DCIS
may be better appreciated in later postcontrast phases as long as
there is no strong BPE, DCIS is reliably detectable already with
early postcontrast imaging.

Operational Issues with Implementing

Abbreviated MRI

Abbreviated MRI, in particular FAST MRI, was introduced
to reduce complexity and costs so that breast MRI would be
suitable for mass screening. Indeed, FAST MRI complies with
important prerequisites of population screening in that it is fast
and relatively easy to acquire and read. In our proof-of-concept
study that included 443 women undergoing 606 screening MRI
examinations (7), the time to acquire FAST images was 3 min-
utes, which compares favorably with the time to complete a bi-
lateral two-view mammographic examination. The average time

13



Abbreviated Breast MRI: State of the Art

Table 6: Evidence on the Use of Abbreviated MRI for Follow-up of Patients with Personal History of Breast Cancer
Scan No. of MRI
Type of Time Women Studies Cancers
Study Study Design AB MRI (min) (n=5348) (n=6838) (n=106) Results
Choi et al, Prospective, AP: FAST 8.5 725 799 12 AB MRI vs DM + US: CDR, 15.0
2018 (62) clinical +T2 vs 6.2 per 1000; sensitivity, 100%
(12/12) vs 50% (6/12); AB MRI:
specificity, 89% (702/787); PPV1,
12.4% (12/97)
Park et al, Retrospective, AP: RAMP  10-11 656, both 656, both 10 AB, AB MRI vs FDP: sensitivity,
2020 (63) clinical, with +T2 AB and AB and with specificity, PPV, NPV, and AUC (nsd)
matched pairs FDP FDP 5 FDP
An et al, Retrospective, AP: FAST 8 763 1880 21 AB MRI vs DM + US: CDR, 19 vs
2020 (64) clinical +T2 10 per 1000; sensitivity, 95% vs 48%;
PPV, 57% vs 38%
Kwon etal,  Retrospective, AP: RAMP 10 973 1043 14 AB MRI: CDR, 9.6 per 1000;
2020 (65) clinical +T12 sensitivity, 97% (11/14); specificity,
98%:; PPV2, 55% (11/20)
Baek et al, Retrospective, AP: RAMP 10 710 939 15 AB MRI vs DM vs US: CDR, 11.7 vs
2021 (66) clinical +T2 3.2 vs 4.3 per 1000; sensitivity, 73%
vs 19% vs 25% (significant); AUC,
0.829 vs 0.592 vs 0.616 (significant)
Kim et al, Retrospective, AP: FAST 8.3 324 324 8 AB MRI vs DM vs US vs DM + US:
2021 (67) clinical® +T2 CDR, 25 per 1000 vs 9 per 1000 vs 12
per 1000 vs 15 per 1000 (significant);
sensitivity, 100% vs 37.5% vs 50% vs
62.5%; specificity, 97.8% vs 99.7% vs
98.4% vs 98.1%; PPV, 53.3% vs 75.0%
vs 44.4% vs 45.5%
Kim et al, Retrospective, AP: FAST 8.3 471 471 11 AB MRI vs DBT: CDR, 23.4 per
2022 (68) clinical +T12 1000 vs 12.7 per 1000 (significant);
sensitivity, 100% vs 54.6%
(significant); specificity, 96.5% vs
97.6% (nsd); PPV, 40.7% vs 35.3%;
AUC, 0.983 vs 0.761 (significant)
Kim et al, Retrospective, AP: FAST 8-9 726, both 726, both 15 AB, AB MRI vs FDP: CDR, 21 per 1000
2022 (69) clinical, +T2 AB and AB and with (15/726) vs 12 per 1000 (9/726)
matched FDP FDP 13 FDP (nsd); sensitivity, 100% (15/15)
pairs with vs 69% (9/13) (nsd); specificity,
propensity score 93% (660/711) vs 86% (612/713)
alignment (significant); PPV3, 61% (14/23) vs
41% (9/22) (nsd)
Note.—AB = abbreviated, AP = abridged protocol, AUC = area under the receiver operating characteristic curve, CDR = cancer detection
rate, DM = digital mammography, FAST = first postcontrast subtracted, FDP = full diagnostic protocol, NPV = negative predictive value,
nsd = not statistically significantly different, PPV = positive predictive value, RAMP = rapid abridged multiphase, T2 = T2-weighted imaging.
* Patients with acellular dermal matrix reconstruction.

to identify healthy women (absence of enhancement based on a
negative maximum intensity projection) was 2.8 seconds (range,
1-6 seconds) (7). Being able to quickly identify negative cases
is especially relevant in screening settings, where the majority
of studies will be negative. This is an advantage of abbreviated
MRI compared with low-contrast methods, such as US or mam-
mography, where establishing the presence or absence of disease
requires approximately the same amount of time.

Even when the individual FAST images plus, possibly, the

respective nonsubtracted source images had to be reviewed, the
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average reading time was only 28 seconds (range, 20-48 sec-
onds); Chen et al (47) and Mango et al (45) reported similar
reading times. Thus, the time needed to establish a final diag-
nosis based on a FAST image is equivalent to the time needed
for batch reading of screening mammograms (77), and is much
faster than reading DBT or US studies (78,79).

Due to short acquisition and reading times and the rela-
tively basic MRI technology it requires, using FAST MRI for
population-wide screening appears conceivable. A key require-
ment to put this into practice, however, is the availability of
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dedicated breast MRI systems optimized for such high-volume
high-throughput screening. With the current all-purpose MRI
machines, the time it takes to help women into a prone po-
sition and to position the breast in the breast coil all add to
magnet time. Once examination time becomes shorter than
the time needed for setup, the latter will dominate (limit) the
number of screening examinations completed per hour of mag-
net time (80). The full potential of abbreviated MRI to reduce
costs associated with MRI screening, thus its cost-effectiveness,
will only be assessable when optimized dedicated MRI systems
are available.

Of similar importance is the fact that the current clinical
setting for abbreviated MRI screening is different from the in-
tended use of FAST MRI, which was proposed to support popu-
lation-wide screening. Within organized screening programs, the
key is to balance cancer detection with practicability and costs.
Yet, in its current use in the setting of individualized screening,
the expectation of patients is to maximize sensitivity and ensure
the earliest possible diagnosis.

Accordingly, with the technological equipment currently
available and with its current use for individualized screening
and, even more so, for diagnostic applications (ie, staging), it
seems pointless to push the reduction of image acquisition time
to an extent as that proposed by FAST MRI. Rather, it seems
sensible to invest somewhat more time in image acquisition.

This is what abridged protocols do.

Future Directions

In the future, deep learning will help interpret abbreviated MRI
(81). With such artificial intelligence—based analysis, short-
protocol abbreviated MRI (UF or FAST) will likely be the
preferred screening method. By fully exploiting the concept of
UF MR, it may be sufficient to acquire only the first couple
seconds after contrast agent injection to capture the onset of
enhancement, with artificial intelligence reconstructing the
undersampled morphologic image information (4).

Abbreviated MRI was introduced to increase ac-
cess to breast MRI. Given that full-protocol MRI is cost-
effective in individuals at high risk and in those with extremely
dense breasts (82,83,84), research on abbreviated MRI screening
should focus on applications beyond this group. The frequently
atypical imaging presentation, especially of BRCAI-associated
breast cancer (85), is another reason to avoid short-protocol ab-
breviated MRI in women at high risk. Therefore, for those at
high risk, we recommend using full protocols for the respective
first screening rounds and reserve abridged protocols for follow-
up rounds.

Future target populations are individuals at risk for mam-
mographic screening failure, such as those identified by ar-
tificial intelligence—based analyses of mammograms and/or
of BPE patterns on MRI scans (86-89). This should include
women aged 40-50 years who are currently excluded from
screening, despite the fact that breast cancers in this cohort
cause more life-years lost than those diagnosed in current
screening cohorts (90,91).

Beyond aspects of cost-effectiveness, abbreviated MRI will be
key to increasing patients’ overall acceptance of MRI as a screening
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tool. Initial evidence suggests that 75% of 200 women preferred
undergoing abbreviated MRI over mammography (92,93).

Conclusion

In conclusion, abbreviated breast MRI is a mature method that
offers similar diagnostic accuracy as full-protocol MRI. This was
true for all tested clinical applications. Eventually, its use will
improve access to the most powerful breast cancer imaging and
screening tool of contemporary medicine—MRI.

Disclosures of conflicts of interest: C.K.K. Payment or honoraria for lectures from
Guerbet and Bayer.
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