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INTRODUCTION

Screening with mammography is associated with a 16–
40% relative reduction in breast cancer mortality among 
women aged 40–74 years (1-4). Mammography has been 
the most cost-effective method of breast cancer screening 
to date (5). However, the ability of mammography to detect 
cancer is reduced significantly when the breast tissue is 
dense (6-9). Estimated false-negative rates for cancers in 
mammography screening are 10–30% (10). In dense breasts, 
which are present in about 50% of women (11), cancers are 
more likely to be obscured by the overlying tissues. Thus, 
supplemental screening has been recommended for women 
with dense breast. In addition, the enactment of breast 
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density notification legislation has led to greater support 
for adjunct imaging screening methods for women with 
dense breast tissue. 

 Ultrasound, a readily available technology, has 
become the primary supplemental imaging modality for 
screening women with dense breast who are at average 
or intermediate risk for breast cancer. Multiple studies 
have consistently shown that breast screening ultrasound 
can detect an additional 2–4 mammographically occult 
cancers per 1000 women screened (12-14). However, breast 
screening ultrasound has many limitations, including 
time, cost, and a low positive predictive value (PPV) of 
approximately 8% for biopsy. A low PPV for biopsy leads to 
a significant number of unnecessary biopsies and a much 
higher rate of short-term follow-up (12, 13). These facts 
suggest that the sole use of breast ultrasound to screen 
women with an average or intermediate risk for breast 
cancer may be problematic. 

Rationales and Indications for Screening MRI

Reasons supporting the use of magnetic resonance 
imaging (MRI) for breast cancer screening can be 
summarized as follows: 1) better performance of MRI and 2) 
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the biological characteristics of MRI-detected cancers.
Table 1 summarizes trials that compared the diagnostic 

accuracy of MRI with screening mammography, with or 
without ultrasound. In brief, breast MRI is effective for the 
detection of breast cancer in women at an increased risk 
for breast cancer. When compared with mammography and 
ultrasound, the efficacy of MRI in detecting breast cancer 
is much higher. The interval cancer rate is an appropriate 
metric for assessing the performance of screening programs. 
Expected or accepted interval cancer rates in European 
mammographic screening programs range from 30% to 
50% of cancers observed in screening participants (23). 
In contrast, reported interval cancer rates among MRI 
screening groups were much lower, with one study even 
reporting an interval cancer rate of 0% (24). 

Regarding the biological characteristics of MRI-detected 
cancers, Sung et al. (25) compared the clinical, imaging, 
and histopathologic features of breast cancers detected with 
screening MRI and mammography and interval cancers in 
7519 high-risk women with 18064 screening MRI and 26866 
screening mammography. In contrast to mammography, 
cancers detected with MRI were more likely to be invasive, 
while cancers detected with mammography were more 
likely to be ductal carcinoma in situ (DCIS), presenting 
as calcifications. In the prospective multicenter cohort 
study by Kuhl et al. (16), two cancer cases were diagnosed 
solely by mammography (2/27), no cases were diagnosed 
solely by ultrasound, and 14 cases were diagnosed solely 
by MRI (14/27). The additional lesions depicted solely by 
mammography were all low-grade DCIS. In contrast, of 
the 14 MRI-detected cancers, eight were invasive (from 
a total of 16 invasive cancers) and six were DCIS (from 

a total of 11 DCIS). These results suggest that MRI may 
be able to detect clinically more significant cancers than 
mammography is able to. Cancers missed by MRI are usually 
less aggressive and not invasive. Increasing the detection 
of biologically significant cancers may decrease mortality 
and reduce overdiagnosis and overtreatment.

Based on evidence from non-randomized trials and 
observational studies, the American Cancer Society (ACS) 
recommends MRI screening each year for women with a 
high risk for breast cancer in addition to annual screening 
mammography, in particular for women with a relative 
lifetime risk greater than 20% (26, 27). MRI screening for 
these women has been reported to be cost-effective (28, 29).

 

Concept of Abbreviated MRI

Although some data suggest that breast MRI may be 
useful for the detection of breast cancer in women at 
moderately increased risk, the ACS is equivocal with 
regard to annual MRI screening for these women due to 
insufficient evidence (17, 30-33). Women at moderately 
increased risk for breast cancer, a lifetime risk of 15–20%, 
include those with a personal history of breast cancer, 
DCIS, lobular carcinoma in situ, atypical ductal hyperplasia 
or atypical lobular hyperplasia, and “extremely dense” 
or “heterogeneously dense” breasts as assessed by 
mammography. The cost-effectiveness of screening breast 
MRI depends on estimated breast cancer incidence and 
examination costs. As such, screening MRI women at 
intermediate risk, including those with dense breast tissue 
as the sole risk factor, may not be cost-effective. 

The rationale for abbreviated screening breast MRI is to 

Table 1. Comparison of Performance of Mammography, Ultrasound, and MRI

Sardanelli  
et al. (15)

Kuhl et al. 
(16)

Lehman et al. 
(17)

Kuhl et al. 
(18)

Leach et al. 
(19)

Warner et al. 
(20)

Morris et al. 
(21)

Vreemann  
et al. (22)

Study period 2000–2007 2002–2005 2005 1996–2002 1997–2004 1997–2003 2000–2001 2003–2014
Number of participants 501 687 195 529 648 256 367 2463
Number of cancers 52 27 6 43 35 22 14 170
Sensitivity (%)

MRI 91 93 100 93 77 77 100 81.4
Mammography 50 33 33 33 40 36 0 51.7
US 52 37 17 40 NA 33 NA NA

PPV (%) 
MRI 65 48 43 50 7 49 17 28
Mammography 71 39 50 23 10 83 NA 40
US 62 33 25 11 NA 23 NA NA

MRI = magnetic resonance imaging, NA = not available, PPV = positive predictive value, US = ultrasonography
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reduce the image acquisition time of breast MRI as well as 
the image interpretation time. Its aim is to reduce the costs 
associated with screening breast MRI studies, to improve 
women’s and physicians’ acceptance of breast MRI, and to 
improve the feasibility of breast MRI for screening. 

For this purpose, Kuhl et al. (34) prospectively evaluated 
an abbreviated MRI protocol consisting of one T1-weighted 
pre-contrast and one post-contrast series and their derived 
images prior to evaluating the full diagnostic protocol 
for 606 screening breast MRIs. The diagnostic accuracy 
of the abbreviated protocol was equivalent to that of the 
full diagnostic protocol, yielding an incremental cancer 
detection rate of 18.2 per 1000. The abbreviated protocol 
reduced acquisition time to 3 minutes. After this initial 
study by Kuhl et al. (34), there have been many more 
studies on abbreviated MRI, although protocols vary from 
institution to institution.

Early Results of Abbreviated MRI 

Protocol 
In general, a typical breast MRI examination generates 

several hundred images for interpretation and requires 
up to 40 minutes for image acquisition. In contrast, an 
abbreviated protocol may consist of only one pre-contrast 
image, one post-contrast image, and their derived images 
(subtraction and maximum-intensity projection [MIP] 
images). These methods can significantly reduce acquisition 
and interpretation times (34-40). Table 2 provides a 
summary of the abbreviated protocols. Some studies 
evaluating abbreviated MRI have included T2-weighted 
images or later post-contrast phases (Table 2) (35, 37, 38). 

The rationale for using the first post-contrast sequence 
is based on the observation that cancer is best visualized 
during the early arterial phase after contrast injection when 
the contrast between the angiogenic tumor and the adjacent 
fibroglandular tissue is greatest (41, 42). Later dynamic 
sequences and other pulse sequences are traditionally used 
for further characterization, rather than for detection of 
enhancing lesions. In contrast to malignant lesions, benign 
changes and background parenchymal enhancement (BPE) 
of normal fibroglandular tissue exhibit slow persistent 
enhancement, causing decreased visualization and lower 
false positive interpretations.

Performance of Early Abbreviated MRI Trials
Summaries of performance, acquisition time, and 

interpretation time are provided in Table 3. Overall, 
abbreviated MRI has been shown to have a diagnostic 
accuracy similar to that of full diagnostic MRI protocols, 
while reducing the time for image acquisition and 
interpretation. Despite the variability of the pulse sequence 
design, results published by different groups consistently 
indicate that abbreviated protocols provide equivalent 
cancer detection rates and diagnostic accuracy compared 
with full diagnostic protocols. Overall, interpretation times 
needed for abbreviated protocols are reduced compared with 
full diagnostic protocols, mainly because of the decreased 
number of sequences to review.

In their prospective observational study of 443 women 
at mild to moderately increased breast cancer risk who 
underwent 606 screening MRI examinations, Kuhl et al. (34) 
reported that the diagnostic accuracy of the abbreviated 
protocol was equivalent to that of the full diagnostic 

Table 2. Summary of MRI Sequences for Abbreviated MRI Protocols

Study 
Pre-Contrast  

T1
Post-Contrast  

T1 (First)
Subtraction  

T1
MIP

Post-Contrast  
T1 (Second)

Post-Contrast  
T1 (Third)

T2 STIR DWI

Kuhl et al. (34) √ √ √ √
Heacock et al. (35), AP1 √ √ √
Heacock et al. (35), AP2 √ √ √
Heacock et al. (35), AP3 √ √ √ √
Mango et al. (36) √ √ √ √
Grimm et al. (37), AP1 √ √ √
Grimm et al. (37), AP2 √ √ √ √
Moschetta et al. (38) √ √ √ √
Harvey et al. (39) √ √ √ √
Chen et al. (40), AP1 √ √ √ √ √
Chen et al. (40), AP2 √ √ √ √ √ √

AP = abbreviated protocol, DWI = diffusion-weighted imaging, MIP = maximum-intensity projection, STIR = short T1 inversion recovery
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protocol, yielding an incremental cancer detection rate of 
18.2 per 1000. The researchers in this study used non-fat-
suppressed axial imaging. Like the full diagnostic protocol, 
the complete abbreviated protocol detected all cancers 
present (11 of 11 [100%]). Specificity and PPV of the 
abbreviated protocol were equivalent to those of the full 
diagnostic protocol (94.3% vs. 93.9% and 24.4% vs. 23.4%, 
respectively). MIP reading only missed one cancer (1/11; 
sensitivity, 90.9%) when compared with the complete 
abbreviated protocol and the full diagnostic protocol; there 
was however no statistical significance (p = 0.317). With 
the abbreviated MRI protocol, acquisition time was reduced 
to 3 minutes. Sixty-one percent of the examinations were 
negative on MIP and could be read in less than 3 seconds. 
The authors noted that this compared favorably to times 
published for batch reading of screening mammograms, 
which ranged between 60 and 120 seconds (43, 44).

Heacock et al. (35) evaluated abbreviated MRI images 

of 107 biopsy-proven breast cancers. In this study, the 
abbreviated MRI protocol consisted of fat-suppressed 
sagittal T1-weighted pre-contrast, post-contrast, and 
subtracted images. Three readers conducted the assessments 
using 3 abbreviated protocols: 1) without clinical 
information and prior imaging, 2) with clinical information 
and prior imaging, and 3) after adding T2-weighted images; 
they reported sensitivities ranging from 97.8% to 99.4% 
for these 3 protocols. The researchers concluded that T2-
weighted imaging did not improve the detection rate and 
confirmed that abbreviated MRI has a high rate of cancer 
detection. Interestingly, a shorter interpretation time 
was associated with masses as compared with non-mass 
enhancements and increased initial enhancement ratios 
(the mean percentage increase in signal between the pre-
contrast and first post-contrast series). The researchers 
also observed that the initial enhancement ratio correlated 
significantly with increasing tumor grade, invasive disease, 

Table 3. Summarized Results from Six Studies of Abbreviated MRI Protocols
Sensitivity (%) Specificity (%) Acquisition Time Interpretation Time

Kuhl et al. (34)
MIP 90.9 - 3 min 2.8 s
AP 100 94.3 - 28 s
FP 100 93.9 - -

Heacock et al. (35)
AP1 97.8 - - 14.0–25.4 s
AP2 99.4 - - -
AP3 99.4 - 12 min 19.0–35.3 s
FP - - 35 min -

Mango et al. (36)
MIP 93 - 10–15 min 44 s
Subtraction 96 - - -
Post-contrast 96 - - -
FP - - - 4.7 min

Grimm et al. (37)
AP1 86 52 –10 min 2.98 ± 1.86 min
AP2 89 45 - -
FP 95 52 20 min 2.95 ± 1.59 min

Moschetta et al. (38)
AP 89 91 10 min 2 ± 1.2 min 
FP 92 92 16 min 6 ± 3.2 min

Harvey et al. (39)
AP 89 91 10 min 1.55 min
FP 92 92 16 min 6.43 min

Chen et al. (40)
AP1 92.9 86.5 - -
AP2 100 95.0 - -
FP 100 96.8 32 min -

FP = full diagnostic protocol
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and lesion conspicuity, and they suggested that the rapid 
wash-in characteristics of malignancy may contribute to the 
efficacy of abbreviated MRI protocols. 

In a study by Mango et al. (36) involving 100 consecutive 
breast MRI examinations in patients with biopsy-proven 
unifocal breast carcinomas, four readers evaluated only 
the first post-contrast T1-weighted images and their 
subtractions, as well as the respective MIP. They also used 
fat-suppressed sagittal imaging. The average sensitivity 
among the four readers was 96%. The average time needed 
to read was 44 seconds for the abbreviated protocol, while 
the published mean time to read a standard MRI was 4.7 
minutes (45). Mango et al. (36) and Heacock et al. (35) 
conducted their studies in known breast cancer patients, 
which does not reflect real clinical situations. In addition, 
they did not perform an observer test for the full diagnostic 
protocol. Therefore, a comparison of cancer detection rates 
between the abbreviated and full diagnostic protocols 
cannot be made.

Grimm et al. (37) conducted a multi-reader study 
using two different abbreviated protocols on 48 patients 
(24 normal, 12 benign, and 12 malignant). Protocol 1 
consisted of fat-saturated T2-weighted images, followed by 
one pre-contrast and the first post-contrast T1-weighted 
acquisition. Protocol 2 consisted of protocol 1 images plus 
a second post-contrast acquisition. The authors reported 
no statistically significant differences in cancer detection 
rates (sensitivity) between abbreviated protocols 1 (86%; p 
= 0.22) and 2 (89%; p = 0.38) and the diagnostic protocol 
(95%). Recorded interpretation times for abbreviated 
protocol 1 and the full protocol were similar (2.98 minutes 
vs. 3.56 minutes). It was postulated that the three to four 
additional sequences in the full protocol (non-fat-saturated 
T1 and two to three dynamic post-contrast sequences) 
may not be routinely used in clinical decision making, or 
that the readers may have spent more time reviewing the 
available sequences in the abbreviated protocol to ensure 
confidence in their interpretations.

Moschetta et al. (38) conducted a study of 470 patients 
with 185 breast lesions undergoing breast MRI for a 
variety of clinical indications (screening, staging, problem-
solving). The term “abbreviated” in this study was used to 
indicate that the respective pulse sequence was somewhat 
shorter than the sequence used on a regular basis by the 
same group. The authors reported equivalent sensitivity, 
specificity, PPV, and negative predictive value for the 
“abbreviated” and full MRI protocols. The finding that 

reading times reported by Moschetta et al. (38) were longer 
than those reported by Kuhl et al. (34) and Mango et al. (36) 
is likely due to the addition of morphologic pre-contrast 
sequences. The post-processing and reading times for the 
abbreviated protocol were significantly shorter than those 
for the standard protocol.

Harvey et al. (39) conducted a study on the use of 
abbreviated protocols for high-risk screening. The regular 
breast MRI protocol that they used took 30 minutes to 
acquire, while the abbreviated protocol decreased that 
time to just over 10 minutes. The researchers reported an 
interpretation time of 1.55 minutes for the abbreviated 
protocol and observed equivalent diagnostic accuracies for 
both the abbreviated and full protocols. They explained that 
changes in patient management were observed in 12 out of 
568 MRI studies (2.1%). What should be noted, though, is 
that images used in this study were from patients with cancer. 
Thus, the readers were aware of cancer in each case, and their 
results cannot be applied to a real screening program. 

Chen et al. (40) conducted a study on the use of two 
abbreviated protocols for 356 women with dense breast 
examined by mammography. Protocol 1 consisted of fat-
suppressed T2-weighted imaging, one pre-contrast image, 
and the first (earlier) post-contrast T1-weighted image. 
Interestingly, protocol 2 consisted of protocol 1 images 
plus a diffusion-weighted imaging (DWI). There were 
no significant differences among the three protocols in 
diagnosing breast cancer. However, the specificity of protocol 
1 was significantly lower than that of protocol 2 and the 
full diagnostic protocol, whereas there was no difference 
between protocol 2 and the full diagnostic protocol. The 
researchers concluded that protocol 1 (commonly used 
abbreviated protocol) combined with DWI is effective in 
improving the specificity of breast cancer detection.

 

Considerations 

There is a growing body of evidence suggesting that 
abbreviated MRI demonstrates good performance and has 
many advantages when compared to full diagnostic MRI. 
However, to ensure that it is used appropriately and safely, 
several items should be considered. 

First, eliminating additional sequences from the full 
diagnostic protocol may limit interpretation and affect 
potential recall rates in screening breast MRI. In such cases, 
indeterminate findings from abbreviated MRI screening 
should be recalled for additional diagnostic evaluation 
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to enable further characterization. This would, however, 
lead to an overall increase in cost. For example, Kuhl et 
al. (34) found that more than one-third of potentially 
benign findings in the abbreviated protocol images could 
be downgraded to benign after interpretation in the full 
diagnostic protocol, obviating short-term follow-up. 
This finding substantiates the concern that abbreviated 
protocols may result in higher recall rates and cost. To 
increase the specificity and confidence of diagnosis, three 
studies of abbreviated MRI included T2-weighted sequences 
within their abbreviated protocols (35, 37, 38). Although 
T2-weighted sequences did not improve reader cancer 
detection in the study by Heacock et al. (35), two of the 
three readers reported significantly increased confidence in 
lesion evaluation when these were included. In addition, 
the lack of kinetic information may necessitate recall for 
diagnostic MRI evaluation. However, Grimm et al. (37) 
found that the addition of the second post-contrast series 
for lesion kinetic analysis did not affect reader sensitivity 
or specificity. This may be in accordance with previous work 
which indicated that fewer post-contrast sequences may not 
significantly impact diagnostic accuracy (46). 

Second, there is the possibility of a lack of lesion 
characterization or further analysis. The usual, 
multiparametric, full diagnostic breast MRI provides 
information on high-resolution, cross-sectional lesion 
morphology, as well as functional information on a 
variety of tissue perfusion, vessel permeability, tissue 
relaxation times, tissue cellularity/proliferation rate, and 
interstitial pressure. Such information can be useful for 
tissue characterization and contribute to the distinction 
of benign versus malignant lesions, as well as for a further 
classification of the biological and prognostic importance 
of breast cancers. For example, in most abbreviated MRI 
protocols, only early kinetic characteristics of the lesion 
are obtained, while delayed characteristics are not. Lesions 
with a fast uptake of contrast followed by a wash-out at 
the delayed phase are more likely to be malignant, while 
lesions with a slow but persistent uptake are more likely to 
be benign; although there is overlap between the kinetic 
assessment of benign and malignant lesions using MRI. To 
overcome this shortcoming, combination of ultrafast MRI 
into abbreviated MRI protocol has been investigated (47). 

Third, we are not certain that preliminary results can be 
translated to community clinical practice, because published 
studies were performed by expert readers. However, if 
abbreviated MRI is adopted into clinical screening programs, 

reader expertise would increase over time, as observed in 
mammography screening programs. Minimum standards for 
reader qualification could be introduced to ensure that the 
benefits of abbreviated MRI are realized while minimizing 
false positives caused by reader inexperience. Similarly, 
minimum requirements for scanners would be necessary. 

Fourth, since abbreviated MRI is performed for screening 
purposes, we have to pay attention to scheduling. Usually, 
when the BPE of normal fibroglandular breast tissue is 
low, abnormal findings are more conspicuous, and false 
positive findings are less frequent (48-50). Marked BPE 
can limit the sensitivity of the examination (51), because 
differentiation of enhancing abnormalities from BPE may 
present a diagnostic challenge (48). It is recommended that 
premenopausal women should ideally be scanned during 
the second week of the menstrual cycle, avoiding the 
fourth week if possible (41). Scheduling appointments for 
premenopausal women requires flexibility, and appointment 
times would need to be adjusted on an individual basis.

Fifth, the indications for abbreviated MRI should be 
validated. The ACS has established recommendations (27) 
based on the current literature recommending annual breast 
MRI as an adjunct to annual mammography for women 
aged 30 and over with a high lifetime risk (> 20–25%) of 
developing breast cancer, as determined by risk-assessment 
computer models of key factors such as family history. Women 
with a ≥ 20% lifetime risk for breast cancer are recommended 
to undergo a standard full breast MRI and not an abbreviated 
MRI until its role in this high-risk population has been 
fully established. The target population for screening with 
abbreviated MRI is recommended for women with an average 
to intermediate risk for breast cancer (with a 15–20% 
lifetime risk) who have mammographically dense breasts. 

Sixth, we have to consider the benefits and risks of using 
abbreviated MRI for screening average-risk women, as 
abbreviated MRI uses contrast material. Since McDonald et 
al. (52) reported that the use of intravenous gadolinium-
based contrast agents is associated with neuronal tissue 
deposition, even without renal dysfunction, many further 
studies have been performed, one of which reported that 
gadolinium deposition could be extensive in multiple 
organs in rats (53). Based on these observations, a 
screening interval with abbreviated MRI or a combination 
with other modalities should be considered. Annual check-
ups would not be appropriate. Similar to full diagnostic 
MRI, abbreviated MRI should also be avoided in women 
with severely impaired renal function, as gadolinium-
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based contrast agents may cause a rare condition known as 
nephrogenic systemic fibrosis (54).

Ongoing Prospective Trials

Comstock and Kuhl have completed the prospective 
enrollment of the multicenter Eastern Cooperative Oncology 
Group (ECOG)–American College of Radiology Imaging 
Network (ACRIN) study: Comparison of Abbreviated Breast 
MRI and Digital Tomosynthesis in Breast Cancer Screening 
in Women with Dense Breasts (EA1141). Asymptomatic 
women aged 40–75 years old with dense breast tissue 
(mammographic density categories C and D) and without 
breast cancer-related risk factors underwent digital breast 
tomosynthesis and abbreviated breast MRI in randomized 
order for two consecutive years. Cancer detection rates 
achieved by digital breast tomosynthesis versus abbreviated 
breast MRI in the same women in the first (prevalence) 
and second (incidence) screening rounds will be calculated. 
Additionally, PPV and the types of cancer found by the two 
modalities will be compared. The target sample size includes 
1450 women. 

In Korea, a prospective multicenter trial using abbreviated 
MRI has also been ongoing (clinicaltrials.gov Identifier: 
NCT03475979). Women aged 25–69 years old, who are 
indicated for the BRCA mutation test with a history of 
breast cancer surgery will be screened with two rounds 
of mammography, ultrasound, and abbreviated MRI. The 
primary endpoint is to compare the cancer detection yields 
and false positive rates in BRCA mutation carriers with non-
carriers for each screening modality. The researchers will 
also compare the sensitivity, specificity, and interval cancer 
rates between mammography, ultrasound, and abbreviated 
MRI in patients with BRCA mutations and in those treated 
for breast cancer. In addition, they will analyze the 
characteristics of subsequent cancer over a 5-year follow-up 
period. The target patient number is approximately 1600. 

 

CONCLUSION 

Using the abbreviated MRI protocol for breast cancer 
screening, the high diagnostic accuracy of full MRI protocols 
is maintained, while the time and cost associated with 
traditional MRI examinations are minimized. To be used 
optimally, abbreviated MRI is recommended for screening 
moderate-risk women with dense breasts. Screening should be 
performed taking the menstrual cycle into consideration, and 

interpretations should be conducted by experienced readers.
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