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mammography, although subsequent targeted ultrasound 
revealed lesions corresponding to the MRI-detected lesions. 
The positive predictive values for recall and biopsy and sen-
sitivity and specificity values for screening MRI were 12.4, 
61.5, 100, and 89.2%, respectively. The rates of malignan-
cies belonging to categories 1, 2, 3, and 4 of the BI-RADS 
were 0, 0, 4.8, and 57.1%, respectively.
Conclusions  The diagnostic performance of screening AB-
MRI for women with a history of breast cancer surgery is 
acceptable, with the advantages of short examination and 
interpretation times and low costs. Thus, it could be used 
as a main screening modality that may replace conventional 
imaging in breast cancer survivors.

Keywords  Breast cancer · Mammography · MRI · 
Screening · Ultrasound

Introduction

Women with a personal history of breast cancer exhibit an 
increased risk of ipsilateral breast relapse (IBR) and con-
tralateral breast cancer (CBC) [1–4]. The detection of sec-
ondary breast cancer in the asymptomatic phase can improve 
survival by 27–47% compared with their detection in the 
symptomatic phase [5]. Currently, mammography (MG) is 
the standard screening modality for this subset of patients. 
However, the detection of IBR may be compromised by 
post-treatment changes; furthermore, the low sensitivity 
of this modality for women with dense breasts is a major 
drawback [6]. In previous studies, MG detected 50–72% 
IBR lesions and 37–80% CBC lesions [7–15]. The higher-
than-average risk in breast cancer survivors, improvement 
in survival with detection in the asymptomatic phase, and 
previously reported detection rates highlight the need for a 
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supplemental modality for the detection of mammographi-
cally occult cancers.

Several studies have evaluated the use of screening MRI 
for women with a personal history of breast cancer and 
reported that this modality could detect mammographi-
cally or ultrasonographically occult breast cancers. Their 
findings suggested that breast MRI is a useful supplemental 
screening tool for women with a personal history of breast 
cancer. Brennan et al. reported that screening breast MRI 
alone accurately detected 10 malignancies in 144 women 
with a personal history of breast cancer, while Gweon et al. 
reported that 18.1 cancers per 1000 patients were accurately 
detected by screening breast MRI after exhibiting negative 
findings on ultrasound (US) and MG [16, 17]. However, the 
use of MRI in the screening setting is restricted because of 
high costs, limited availability of scanners, a longer scan 
time, and a relatively long interpretation time.

In a recent study, Kuhl et al. introduced abbreviated breast 
MRI (AB-MRI) with short acquisition and interpretation 
times and demonstrated a diagnostic accuracy comparable 
with that of the full diagnostic protocol [18]. From the find-
ings of their study, it appeared that AB-MRI can detect all 
occult cancers. Furthermore, a great potential for cost sav-
ings, which was associated with the shorter scan time, was 
observed. However, the feasibility of AB-MRI as a screen-
ing tool is still under investigation and has not been estab-
lished. Therefore, we conducted the present study to assess 
the usefulness of AB-MRI for the screening of women with 
a personal history of breast cancer surgery using our own 
imaging protocol.

Methods

Study population

The protocol for this research project, which involved a 
retrospective analysis of prospectively acquired data, was 
approved by the institutional review board and conforms 
to the provisions of the Declaration of Helsinki. The 
review board waived the requirement for informed consent. 
Between October 2014 and March 2016, 760 women under-
went screening AB-MRI at our institution. Twenty of these 
760 women were excluded because of unclear data regard-
ing their cancer history (n = 5), performance of AB-MRI 
for diagnostic purposes (n = 8), or the absence of a history 
of breast cancer (n = 7). The remaining 740 women with a 
personal history of breast cancer and detailed information 
regarding their cancer history were initially enrolled in our 
study. Fifteen of these were lost to follow-up and excluded. 
Eventually, 725 women (median age 51 years; age range 
26–84 years) with a personal history of breast cancer who 

underwent screening AB-MRI comprised our final study 
population.

At our institution, after breast cancer surgery, women rou-
tinely undergo follow-up with MG and US every 6 months 
for the first 2 years and annually thereafter. Screening AB-
MRI is performed at the request of patients or clinicians. 
For our study population, mammography, US, and AB-MRI 
were performed on the same day or around the same time. 
The median interval between the initial surgery for breast 
cancer and the first AB-MRI examination was 26 months 
(range 3–295 months). At the time of AB-MRI screening, 
there was no radiological evidence of malignancy on previ-
ously performed MG and US.

AB‑MRI technique

AB-MRI was performed using a 1.5T or 3.0T MRI system 
(Signa HDxt or Discovery 750; General Electric Medical 
Systems, Milwaukee, WI, USA). All patients were imaged 
in the prone position using a dedicated eight-channel bilat-
eral breast coil (General Electric Medical Systems). Fol-
lowing the acquisition of transverse localizer images, 
sagittal fat-suppressed T2-weighted fast spin-echo images 
were acquired with a minimum repetition time and echo 
time (1.5T, 4000–4200/100 ms; 3.0T, 3400–3600/100 ms), 
a 20-cm field of view, 4-mm sections with no gap, and a 
256 × 224 matrix. Before and immediately after contrast 
injection, three-dimensional sagittal T1-weighted fat-sup-
pressed fast spoiled gradient-echo sequences with parallel 
imaging were acquired with a minimum repetition time and 
echo time (1.5T, 6.9/3.4 ms; 3.0T, 6.3/2.4 ms), a 10° flip 
angle, an 18-cm field of view, 1-mm sections with no gap, 
and a 288 × 150 matrix at 1.5T or a 288 × 192 matrix at 
3.0T MRI system (Fig. 1). The total acquisition time was 
only 8.5 min. Gadoterate meglumine (Dotarem; Guerbet, 
Aulnay-Sous-Bois, France) was injected into the antecubi-
tal vein at a dose of 0.1 mmol/kg body weight and a rate of 
3 ml/s using an automated injector (Spectris Solaris, Medrad 
Europe, Maastricht, The Netherlands), followed by a 20-ml 
saline flush. The precontrast T1 images were subtracted from 
the corresponding postcontrast images to achieve subtrac-
tion images. Subtraction was automatically achieved on a 
pixel-by-pixel basis using the software subtraction func-
tion available on the console. Reformatted images with a 
maximum-intensity projection (MIP) in the craniocaudal and 
mediolateral directions were created from the subtraction 
images.

Image interpretation

AB-MRI was prospectively interpreted by one of two 
radiologists with 7 and 12 years of experience in breast 
MRI interpretation. High-resolution picture archiving and 
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communication system monitors were used for image inter-
pretation in conjunction with the patient’s clinical history, 
preoperative MRI findings, and other breast imaging exami-
nations, including MG or US when available.

The reader initially reviewed the subtracted images to 
determine the presence or absence of significant enhance-
ment. If there was significant enhancement, its enhancement 
and morphology were assessed on the subtraction images 
and fat-suppressed T2-weighted images (Fig. 2). MIP images 
were used to estimate the lesion size and distance from the 
nipple and assess the distribution of nonmass enhancements.

Of the 725 women, 92.8% (n = 673) had undergone 
preoperative MRI examinations at a median of 26 months 
(range 4–195 months) before the first AB-MRI examina-
tion, and all previous images were available for compari-
son. The breast lesions were prospectively described and 

assessed on the basis of their morphology and kinetic 
features in the initial phase using the breast imaging 
reporting and data system (BI-RADS) [19, 20]. Oval or 
round masses with smooth margins, focal or regional 
homogeneous nonmass enhancements, and foci without 
T2 hyperintensity exhibiting a fatty hilum were assigned 
to BI-RADS category 3. Bilateral multiple foci that were 
widely separated by normal fibroglandular tissue or fat, 
with a pattern of background parenchymal enhancement, 
were assigned to BI-RADS category 2 [21, 22]. If a cat-
egory 3 lesion on AB-MRI appeared stable for more than 
6 months when compared with the preoperative MRI find-
ings, it was downgraded to BI-RADS category 2. Moreo-
ver, oval or round masses with circumscribed margins and 
dark internal septations or T2 hyperintensity or foci with 
T2 hyperintensity or a fatty hilum were assigned to BI-
RADS category 2.

Fig. 1   Abbreviated breast MRI 
(AB-MRI) sequences acquired 
for the screening of women with 
a history of breast cancer sur-
gery. The total imaging duration 
was 8.5 min. T1WI T1-weighted 
imaging, T2WI T2-weighted 
imaging

Fig. 2   Order of interpretation of abbreviated breast MRI (AB-MRI) 
sequences acquired for the screening of women with a history of 
breast cancer surgery. Subtracted T1-weighted images are viewed 

first (a), followed by fat-suppressed T2-weighted images (b) and sub-
tracted maximum-intensity projection (MIP) images (c)
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Validation of diagnoses

Women with BI-RADS category 1 or 2 lesions on AB-
MRI were monitored with clinical breast examinations or 
imaging modalities such as MG and US or AB-MRI for at 
least 12 months (median 13 months; range 12–30 months). 
Women with BI-RADS category 3 lesions on AB-MRI 
underwent follow-up AB-MRI after 6 months. If the lesion 
was stable, it was downgraded to BI-RADS category 2, and 
the routine screening cycle with or without AB-MRI was 
resumed. Women with suspicious findings (BI-RADS cat-
egory 4 or 5) on AB-MRI and lesions on US or MG that 
corresponded with those on MRI underwent US-guided core 
needle biopsy or surgical biopsy after US or MG-guided 
needle localization. MRI-guided biopsy was recommended 
for mammographically and ultrasonographically occult 
lesions, although no case in the present study was diagnosed 
by this modality.

Statistical analysis

Lesions with a final BI-RADS category of 1 or 2 were con-
sidered negative AB-MRI findings, while those with a final 
BI-RADS category of 3, 4, or 5 were considered positive 
AB-MRI findings. For patients with positive AB-MRI find-
ings, pathology results after core needle biopsies and sur-
gical excisions or follow-up imaging findings for at least 
6 months were recorded. For AB-MRI screening, the can-
cer detection rate, positive predictive value (PPV) for recall 
(PPV1), PPV for biopsy (PPV3), sensitivity, specificity, and 
the rates of malignancies belonging to each BI-RADS cat-
egory were calculated. This analysis was performed using 
SPSS, version 24.0 (SPSS Inc., Chicago, IL, USA).

Results

A total of 799 AB-MRI examinations were performed for 
the 725 women; 651 (89.8%) underwent one screening round 
and 74 (10.2%) underwent two screening rounds. Table 1 
lists the clinicopathological findings for the 725 women. 
The distribution of the final BI-RADS categories was as 
follows: category 1 in 548 examinations (68.6%), category 2 
in 154 examinations (19.3%), category 3 in 83 examinations 
(10.4%), and category 4 in 14 examinations (1.7%). For the 
women with negative AB-MRI findings, no malignancy was 
diagnosed for at least 1 year after screening.

Of the 83 category 3 lesions, 76 (91.6%) were followed 
up with AB-MRI, of which 71 were downgraded to category 
1 or 2 and five were upgraded to category 4. Four of the 
five upgraded lesions were confirmed to be malignancies. 
These four malignancies (ductal carcinoma in situ (DCIS), 
n = 2; invasive ductal carcinoma, n = 1; mucinous carci-
noma, n = 1) initially appeared as enhancing foci or nonmass 
enhancements on AB-MRI, with negative findings on MG 
or US, and exhibited interval growth during the follow-up 
period. The remaining one upgraded lesion was not biopsied, 
but it remained stable for 18 months on US and was finally 
categorized as a benign lesion. The seven lesions that were 
not followed up with AB-MRI were monitored using US or 
MG and exhibited no suspicious malignant findings for at 
least 1 year after the first AB-MRI screen.

Of the 14 category 4 lesions, 13 underwent MG-guided 
(n = 3) or US-guided (n = 10) biopsy, which revealed eight 
malignancies (invasive ductal carcinoma, n = 5; DCIS, 
n = 3) and five benign lesions (stromal fibrosis, n = 2; fibro-
cystic change, n = 1; ductal ectasia, n = 1; fibroadipose 
tissue, n = 1). One AB-MRI examination revealed a 2.9-cm 

Table 1   Characteristics of 725 
women with a history of breast 
cancer surgery who underwent 
screening with abbreviated 
breast MRI (AB-MRI)

Women with AB-MRI-
detected cancer (n = 12)

Women without AB-MRI-
detected cancer (n = 713)

Patient age, median (range) (years) 55 (35–78) 51 (26–84)
Type of previous surgery, no. (%) of patients
 Lumpectomy 9 (75) 585 (82.0)
 Mastectomy 3 (25) 128 (18.0)

Prior chemotherapy, no. (%) of patients 8 (66.7) 506 (71.0)
Prior hormone therapy, no. (%) of patients 9 (75.0) 606 (85.0)
Prior radiation therapy, no. (%) of patients 10 (83.3) 590 (82.7)
Stage of initial cancer, no. (%) of patients
 Ductal carcinoma in situ 2 (16.7) 82 (11.5)
 Invasive, stage I 2 (16.7) 293 (41.1)
 Invasive, stage II 5 (41.6) 285 (40.0)
 Invasive, stage III 3 (25.0) 53 (7.4)

Interval between surgery and AB-MRI, median 
(range) (months)

25 (14–228) 26 (4–295)

No. (%) of patients with preoperative MRI data 10 (83.3) 663 (93.0)
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linear nonmass enhancement that showed no corresponding 
abnormality on targeted US and MG. This lesion was not 
biopsied, and follow-up US and MG for 25 months showed 
negative findings.

The overall cancer detection rate with AB-MRI was 
15.0 per 1000 cases [12 of 799 examinations (95% con-
fidence interval (CI) 7.8, 26.1)], with the prevalence of 
invasive ductal carcinoma (median tumor size, 1.5 cm; 
range 0.6–2.0 cm), DCIS, and mucinous carcinoma being 
50.0% (6/12), 41.7% (5/12), and 8.3% (1/12), respectively 
(Table 2). Seven of the 12 AB-MRI-detected lesions were 
mammographically and ultrasonographically occult lesions. 
All AB-MRI-detected cancers except one were node-nega-
tive T1 invasive cancers or DCIS. PPV1 was 12.4% (12/97) 
and PPV3 was 61.5% (8/13). The imaging and clinical fea-
tures of the 12 malignancies detected by AB-MRI are listed 
in Table 2.

There were no false-negative AB-MRI findings; therefore, 
the sensitivity was 100% [12 of 12 (95% CI 73.5, 100%)] and 
specificity was 89.2% [702 of 787 (95% CI 86.8, 91.3%)]. 
The rates of malignancies according to the final BI-RADS 
category were as follows: category 1, 0% (0 of 548); cat-
egory 2, 0% (0 of 154); category 3, 4.8% (4 of 83); and 
category 4, 57.1% (8 of 14).

Conclusions

In the present study, 799 screening AB-MRI examinations 
detected 12 malignancies (15.0 cancers per 1000 women), 
including seven mammographically and ultrasonographi-
cally occult lesions, with 100% sensitivity and 89.2% 

specificity in women with a personal history of breast can-
cer surgery. All AB-MRI-detected cancers except one were 
node-negative T1 invasive cancers or DCIS; this finding is 
comparable with those of several previous studies on MRI 
screening for women with a personal history of breast cancer 
[16, 17, 23–28]. In addition, no interval cancer was found in 
our study. These findings suggest that screening AB-MRI for 
women with a personal history of breast cancer is a useful 
imaging modality for the detection of early in-breast recur-
rence and/or contralateral cancer that may otherwise go 
undetected at such an early stage.

Currently, the National Comprehensive Cancer Network 
and the American Society for Clinical Oncology recom-
mend MG and clinical breast examinations for the screen-
ing of women with a history of breast cancer surgery [29, 
30]. However, in this patient population, the contribution 
of MG to the overall cancer yield has been limited [6, 12]. 
In clinical practice, supplemental US is occasionally used 
for screening. The cancer detection rate and sensitivity of 
combined MG and US are reportedly higher than those for 
MG only, although US has several limitations such as high 
operator dependency, a small field of view, and the inability 
to detect microcalcifications [23, 24]. Screening MRI can 
overcome these drawbacks by offering a large field of view, 
high sensitivity for the detection of DCIS, which presents as 
a microcalcified lesion, and low operator dependency with 
regard to image acquisition [31]. A previous study reported 
that the overall cancer detection rate (8.2 vs. 6.8 per 1000) 
and sensitivity (100% vs. 82.4%) were higher when MG was 
combined with MRI than when it was combined with US 
[24]. In our study, AB-MRI detected all 12 malignancies, 
five of which were also visible on US (n = 2) or MG (n = 3) 

Table 2   Clinical and imaging features of breast cancers detected by abbreviated breast MRI (AB-MRI) in women with a history of breast cancer 
surgery

DCIS ductal carcinoma in situ, IDC invasive ductal carcinoma, MG mammography, NA not applicable, NME nonmass enhancement, US ultra-
sound

Lesion Category AB-MRI Biopsy 
guidance

Histology Stage

MG US AB-MRI Size (cm) Location Morphology

1 1 4 4 1.5 Contralateral Mass US IDC NA
2 1 1 4 1.1 Contralateral NME US IDC IA
3 4 1 4 0.5 Contralateral NME MG DCIS 0
4 1 4 4 1.5 Ipsilateral NME US IDC IA
5 1 1 3 0.4 Contralateral Mass US DCIS 0
6 1 1 4 2.0 Ipsilateral NME US IDC IA
7 4 1 4 2.6 Ipsilateral NME MG DCIS 0
8 4 1 4 3.2 Contralateral NME MG DCIS 0
9 2 1 4 0.6 Ipsilateral Mass US IDC IA
10 1 1 3 0.5 Ipsilateral Mass US Mucinous carcinoma IA
11 1 1 3 0.9 Contralateral NME US IDC IA
12 1 1 3 2.3 Contralateral NME US DCIS 0
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and seven of which were not (Table 2). These findings dem-
onstrate the superiority of AB-MRI as a screening tool for 
women with a history of breast cancer.

Several researchers have investigated the use of screen-
ing breast MRI for women with a personal history of breast 
cancer [16, 17, 24–28]. Table 3 lists the diagnostic perfor-
mance of this tool in all these studies, which demonstrated 
a high sensitivity of 80.0–100% and a high specificity of 
82.2–95.3% in the screening setting. The cancer detection 
rate fell into a relatively wide range (7.3–118.1 per 1000 
women). The cancer detection rates reported by Brennan 
et al., Schacht et al., and Weinstock et al. were relatively 
high, although this can be explained by selection bias due 
to the small sample sizes [17, 25, 27]. Most previous reports 
about screening breast MRI for women with a personal his-
tory of breast cancer applied the full diagnostic protocol. 
The use of standard breast MRI in the screening setting has 
been restricted by high costs, limited availability of MRI 
scanners, a longer scan time, and a relatively long interpre-
tation time. However, as mentioned above, the recent study 
by Kuhl et al. broke these barriers by introducing AB-MRI 
and demonstrating a diagnostic accuracy similar to that of 
the full diagnostic protocol [18]. To our knowledge, the pre-
sent study is the first to evaluate the usefulness of AB-MRI 
screening for women with a history of breast cancer surgery. 
The cancer detection rate (15.0 per 1000 cases) and sensi-
tivity (100%) observed in our study are comparable with 
those for MRI performed with the full diagnostic protocol 
(Table 3).

In the present study, the total image acquisition time dur-
ing AB-MRI was 8.5 min, which is greater than the time 
reported by Kuhl et al. because we also acquired fat-sup-
pressed T2-weighted sequences [18]. Several previous stud-
ies on breast MRI have shown that T2-weighted sequences 
are useful for the evaluation of breast lesions [32, 33]. While 
Mann et al. found these sequences to be helpful in lesion 
characterization, Heacock et al. showed that they increased 

lesion visibility despite failing to improve the detection of 
cancer by the observer [34, 35]. The lack of T2-weighted 
sequences may be problematic because, in some cases, T2 
hyperintensity may result in a benign diagnosis, limit the 
identification of features characteristic of intramammary 
nodes, and result in unnecessary recalls. We did not evaluate 
the effects of T2-weighted images on specificity. In future, it 
would be worthwhile to evaluate an AB-MRI protocol with 
T2-weighted images in a screening setting where researchers 
would want to exclude false-positive findings, particularly 
for incidental lesions.

We retrospectively reviewed four malignancies detected 
on follow-up MRI after the initial screening AB-MRI, which 
categorized them as BI-RADS category 3. Explanations for 
the delayed diagnosis are as follows. The first lesion initially 
presented as a 5-mm enhancing mass that was too small for 
the accurate analysis of morphology, such as margin, shape, 
and the internal enhancement pattern in the early phase. 
The second lesion presented as a 4-mm enhancing focus 
with a subtle increase in the maximal dimension compared 
with that on preoperative MRI performed 15 months ago. 
After 10 months, follow-up MRI revealed a 6-mm growing, 
enhancing mass that was pathologically confirmed to be a 
low-grade DCIS, which may have been indolent and also 
stable because of adjuvant chemotherapy for 6 months after 
surgery [36, 37]. The other two lesions presented as non-
mass enhancements that exhibited a slightly higher degree of 
contrast enhancement compared with normal breast tissue. 
These lesions were misinterpreted as heterogenous benign 
background enhancements. Finally, our institution does not 
have the equipment for MRI-guided biopsy. Therefore, we 
may have tended to diagnose small enhancing lesions with 
no correlates on MG, US, and even second-look US as cat-
egory 3 lesions.

It should be noted that our AB-MRI protocol only 
included the early postcontrast phase, so we could not 
assess the kinetic curve that shows signal enhancement in 

Table 3   Cancer detection rates with screening breast MRI in women with a personal history of breast cancer: a review of the literature

PPV positive predictive value, NA not applicable

First author [ref] Published year No. of patients Cancer detection 
rate (per 1000)

Sensitivity (%) Specificity (%) PPV for 
recall (%)

PPV for 
biopsy 
(%)

Time of 
patient 
inclusion

Brennan [17] 2010 144 118.1 NA NA NA 38.6 1999–2001
Gweon [16] 2014 607 18.1 91.7 82.2 9.4 43.5 2008–2012
Schacht [25] 2014 208 28.8 NA NA NA NA 2004–2012
Giess [26] 2015 691 10 100 89.9 9.4 17.9 2009–2011
Weinstock [27] 2015 249 44.2 84.6 95.3 4.4 25.6 2005–2011
Lehman [28] 2016 915 19.7 80.0 94.0 13.3 25.0 2004–2011
Cho [24] 2017 754 7.3 88.2 89.9 6.8 23.5 2010–2016
Choi 725 15.0 100 89.2 12.4 61.5 2014–2016
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relation to time after contrast injection. Recently, accel-
erated scan techniques were introduced, which provide 
a very high temporal resolution with a very early post-
contrast phase and kinetic assessment [38, 39]. Abe et al. 
reported that analysis of the early enhancement rate and 
kinetic area under the curve using ultrafast dynamic con-
trast-enhanced MRI is useful for discriminating benign 
lesions from malignant ones [38]. Furthermore, a method 
known as differential subsampling with Cartesian ordering 
using pseudorandom k-space sampling provides a 6 times 
faster and effective temporal resolution without sacrificing 
the spatial resolution [39]. The combination of AB-MRI 
with these new scan techniques may be an important topic 
for future studies on breast MRI screening.

Our study has several limitations. First, it was limited 
by its retrospective, single-center design and the relatively 
small number of patients with malignancies. We did not 
include all women with a history of breast cancer sur-
gery encountered during the study period, and this may 
have led to selection bias. Second, the number and timing 
of previous screening MG and US examinations varied 
and could have affected the outcomes of AB-MRI. Third, 
because the median follow-up duration (13 months; range 
12–30 months) for our study was relatively short, there 
may have been a verification bias. Fourth, AB-MRI was 
not evaluated with regard to the survival outcomes, cost 
effectiveness, and patient tolerability. Despite these limita-
tions, this study provides preliminary information on the 
usefulness of screening AB-MRI for women with a history 
of breast cancer surgery. Prospective, randomized multi-
center studies with a large patient population are required 
for further validation of the applicability of our findings 
to a broader clinical setting.

In conclusion, the findings of our study suggest that the 
diagnostic performance of screening AB-MRI for women 
with a history of breast cancer surgery is comparable to that 
of the full diagnostic MRI protocol, with the advantages of 
short examination and interpretation times and low costs. 
Using our abbreviated protocol, we were able to detect all 
cases of secondary or recurrent breast cancer in the included 
patients, some of which were mammographically and ultra-
sonographically occult breast cancers. Thus, AB-MRI after 
breast cancer surgery may be used as a standard modality, 
which can improve the sensitivity and specificity of breast 
cancer screening. Furthermore, AB-MRI could be used not 
only as a supplemental modality but also as a main screening 
modality that may replace conventional imaging procedures 
such as MG or US in breast cancer survivors.
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