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ABSTRACT:  

Introduction: Even though many studies have 

shown beneficial diagnostic implications of MR 

mammography, the outcomes of extensive and 

mandatory use of pre-operative MR mammography 

remains controversial. the objective of the present 

study was to check whether combination of 

magnetic resonance MR mammography with digital 

mammography will be beneficial for evaluation of 

non-invasive breast disease as in ductal carcinoma 

in-situ (DCIS). 

Methodology: In a prospective study, 68 patients 

who came for screening diagnostic mammogram 

and who had breast lesions of Breast Imaging 

Reporting and Data System (BIRADS) category 3 

and more were evaluated. All patients underwent 

bilateral digital mammography. Those patients who 

were thought to possibly have breast cancer and to 

be candidates for surgical management were offered 

bilateral contrast-enhanced breast magnetic 

resonance mammography (MRM).  

Results: In this prospective study, we included 68 

patients (mean age 50.6 years, range 30-73 years). A 

total of 74 lesions were evaluated. In detecting these 

lesions, digital mammography had a sensitivity of 

40%, specificity of 100% and diagnostic accuracy of 

63.5%. MRM sensitivity was found to be 71.7%, 

specificity 96.6% and diagnostic accuracy of 83.7%. 

Combined utilization of both DM and MRM 

modalities to detect DCIS resulted in 77.2% 

sensitivity, 96.6% specificity, 97.1% positive 

predictive value (PPV), 74.3% negative predictive 

value (NPV) and 85.1% of diagnostic accuracy 

(DA) with McNemar test significance value at 

0.002.  

Conclusions: combining digital mammography and 

MR mammography results in a significant 

improvement in sensitivity than digital 

mammography alone in detecting DCIS. 

KEYWORDS:screening; breast cancer; contrast 

enhanced MR mammography; digital 

mammography. 

 

I. INTRODUCTION 
DCIS is the most common type of non-

invasive breast cancer.1 It refers to an uncontrolled 

growth of cells that are confined to the breast duct. 

Frequently it is a single lesion, however, there is 

higher risk of developing lesions in the opposite 

breast. Very few cases of DCIS present as a 

palpable mass. Most are diagnosed by 

mammography, usually as clustered 

microcalcifications.2 DCIS may also present as 

pathologic nipple discharge, with or without a 

mass.3 The frequency of diagnosis of DCIS has 

greatly increased with greater use of 

mammography.4 DCIS shows varied appearance on 

MRI: linear, spotty enhancement; gathering of linear 

enhancement; enhanced area or mass without 

distortion of the surrounding tissue or well-

circumscribed mass mimicking intraductal 

papilloma. MRI was useful in providing more 

precise information on the disease extent of DCIS, 

and it is considered useful in planning the type of 

surgery.5 

Even though many studies have shown 

beneficial diagnostic implications of MR 

mammography, the outcomes of extensive and 

mandatory use of pre-operative MR mammography 

remains controversial.5 Non-mass enhancement 

depiction of a lesion is the most common 

presentation of DCIS.6 MR mammography is prone 

to under-estimate DCIS especially in high-risk 

screening studies.7 However, it is more sensitive 

than digital mammography and sonomammography 

in detecting invasive breast cancers. Adding to these 

inconsistencies, the ability to detect DCIS in MR 

mammography increases with experience of 
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radiologist.7 Ductal enhancement, clumped 

enhancement and segmental enhancement are some 

of the described features of DCIS during MR 

mammography.8 Mass like presentation of DCIS in 

MR mammography is not rare.9 Studies have shown 

that MR mammography do not change the operative 

course of a invasive breast disease and therefore, 

routine pre-operative evaluation is not 

recommended.10  

With this background, the present study 

was considered to check whether combination of 

MR mammography with digital mammography will 

be beneficial for evaluation of non-invasive breast 

disease as in DCIS. As there was minimum 

sensitivity, specificity and predictive value of 

combination of digital mammography and MR 

mammography, the present study was designed to 

evaluate the diagnostic accuracy of these two 

modalities.  

 

II. METHODOLOGY 
In a prospective study, patients presenting 

to Out Patient Departments of General Surgery, 

Oncology and Gynecology with clinical symptoms 

of breast cancer or for screening of the breast 

neoplasia are evaluated through digital 

mammography and sonomammography. 

Institutional Ethics Committee approved the study at 

the beginning. Written informed consent was 

obtained for diagnostic procedures was obtained 

from each patient and were counselled as to the 

possibility of MRI detecting other suspicious lesions 

resulting in additional imaging studies and 

procedures before inducting into the study.  

 

Study center: this study was carried at Department 

of Radiology of a multi-specialty hospital with 

comprehensive cancer center and a separate 

dedicated breast center which is headed by 

radiologist having experience in breast imaging of 

more than 5 years. The study was done from 

October 2012 to October 2014.  

 

Inclusion criteria: all female patients who came for 

screening diagnostic mammogram and who had 

breast lesions of Breast Imaging Reporting and Data 

System (BIRADS) category 3 and above were taken 

into the study. Patients who had underwent all three 

modalities (digital mammography, 

sonomammography and MR mammography) are 

included in this study.  

 

Exclusion criteria: women who were diagnosed to 

have BIRADS 1 / 2 in digital and 

sonomammography, those who were already treated 

with surgery / chemotherapy / radiotherapy and 

those with no histopathological evaluation were 

excluded from the study. Those were unable to 

undergo MR imaging because of a pacemaker, an 

aneurysm clip, or a metallic foreign body in or near 

the eye were also excluded. Women who were not 

willing for consent were excluded.  

 

Study setting: All patients initially underwent 

bilateral digital mammography with spot and 

magnification views as indicated. Targeted high-

frequency sonography of the primary lesion was 

used to further characterize the morphology, size, 

and extent. Sonography was routinely used to 

evaluate for other suspicious lesions within either 

breast and additionally detected lesions were 

recorded. Those patients who were thought to 

possibly have breast cancer and to be candidates for 

surgical management were offered bilateral contrast-

enhanced breast MRI. Each patient and each 

individual lesion were initially assessed by one of 

two qualified radiologists who has experience of 

more than five years.  

 

Breast MRI technique 

All positive cases are subjected to MR 

imaging performed within 2 weeks of the initial 

lesion detection. MRI were performed with a 

SKYRA 3-T MR imaging unit by using a dedicated, 

four channel bilateral breast coil, with subjects 

resting in the prone position.  

After the initial pre-contrast sequences, five 

series of dynamic contrast enhanced axial T1-

weighted 3D fat-suppressed fast-spoiled gradient 

echo were acquired; (each series -120 sections; each 

section - 1.3mm interpolated to 0.2mm intervals; 

matrix – 416 x 416; 360mm field of view; flip angle 

- 10°; and 1 acquisition). The initial pre-contrast 

sequences were acquired before contrast 

administration. During a subsequent pause of 20 sec, 

a single dose of gadopentetate dimeglumine (0.1 

mmol/kg, Magnevist) was injected at a rate of 1.5 

mL/sec and was immediately followed by a 20-mL 

normal saline flush injected at same rate with a 

power injector. Series 2–5 were then acquired 

sequentially with no inter scan delays. Centric 

spatial encoding was used for all sequences. 

Reconstruction is done in coronal and sagittal planes 

once post contrast images were acquired. 

Subtraction images generated were used for 

interpretation. Delayed contrast-enhanced axial with 

high resolution T1-weighted 3D fat-suppressed fast-

spoiled gradient echo were acquired. Single voxel 

spectroscopy of suspicious lesion is done.  

The presence or absence of areas of 

abnormal enhancement was classified according to 

the BI-RADS MRI lexicon.11–14 Bilateral breast 
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imaging is done to include the usefulness of 

assessing symmetry and screening of the 

contralateral breast in patients with newly diagnosed 

breast carcinoma.  

The evaluation of CE-MRM images was 

performed by one of two qualified radiologists who 

has experience in interpreting breast MRI for more 

than 5years.  If CE-MRM revealed more extensive 

breast disease other than the index cancer, the 

patients would return for a second look examination 

with ultrasound. More extensive disease included 

larger size of index cancer, additional foci of cancer 

in the same or in other breast quadrants and contra 

lateral lesions.  

The second look ultrasonography was 

performed by the same radiologists who interpreted 

the CE-MRM images. If a lesion was confirmed as 

suspicious, a new ultrasound guided needle biopsy 

was performed. If the patients refused to undergo a 

core biopsy, surgical removal was strongly 

suggested. If the lesion was not seen on second look 

ultrasound, the patient was counselled for surgical 

removal of it if the image was suspicious on CE-

MRM, or to have 6-month follow-up CE-MRM if 

the lesion was less concerning in opinion of the 

attending breast radiologist. After surgery, all 

radiographic and pathologic results were examined.  

Discrete variables are analysed for the 

mean, median, standard deviation (SD), range etc. 

The categorical variables are analysed using cross 

tabulations – Chi square test and Fischer’s exact 

analysis. P value < 0.05 is considered statistically 

significant. Sensitivity, specificity, positive 

predictive value, negative predictive value and 

diagnostic accuracy are calculated from the results 

of the observation. 

 

III. RESULTS 
In this prospective study, we included 68 

patients (mean age 50.6 years, range 30-73 years). 

Fourteen patients had family history of breast 

cancer. The patient related attributes, clinical 

presentations are tabulated in table 1. A total of 74 

lesions were evaluated.  

Among them 41 patients underwent 

modified radical mastectomy (MRM, unilateral in 

38 patients and bilateral in 3 patients); 1 patient 

underwent MRM of one breast and breast 

conservative therapy (BCT) of other breast; and 26 

patients underwent BCT (unilateral in 24 patients 

and bilateral in 2 patients). Out of 41 patients who 

underwent MRM, 26 patients no additional foci 

were detected in MRI. These patients had undergone 

MRM either due to size of the lesion, multicentricity 

detected by either mammography or 

ultrasonography or by choice. The remaining 15 

patients who underwent MRM were diagnosed to 

have additional suspicious lesions on MRI. Among 

these 15 patients in 7 patients, additional lesions 

were also seen on second look ultrasound which 

were biopsied and proved to be malignant. 3 patients 

were already diagnosed to have multifocal disease 

on mammography or ultrasound. Detecting 

additional foci in MRI in these patients did not alter 

the treatment plan. 

3 patients preferred to undergo MRM as their choice 

before performing MRI. In 2 patients additional 

lesion detected on MRI was not seen on second look 

ultrasound and these patients were referred for MR 

guided biopsy.  

In the remaining 27 patients no additional lesions in 

different quadrant were detected on MRI and hence 

these patients underwent BCT. 

 

Table 1: Tabulation of patient related parameters and clinical presentations among patients (n=68) included in 

the study 

Parameters n 

Patient age  

30 – 40 years 13 

41 – 50 years 22 

51 – 60 years 20 

More than 61 years 13 

Clinical presentations 

Painless lump  51 

Painful lump 3 

Screening 3 

Painless lump with nipple discharge 2 

Only pain  2 

Only nipple discharge 2 

Skin dimpling 2 
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Women less than 50 years of age had extremely 

dense breast when compared to women of more than 

50 years of the age (p<0.001).   

MR mammography detection of DCIS  

MR mammography (figure 1A and 1B) 

showed a 71.7 % sensitivity 96.6 % specificity, 97 

% positive predictive value (PPV), 69 % negative 

predictive value (NPV), 83.7 % diagnostic accuracy 

(DA) and 1.4% false positive with a McNemar test 

significance of < 0.001 in detecting DCIS lesions 

(table 2).  

 

Table 2: DCIS in magnetic resonance mammography (MRM) vs DCIS in histopathological evaluation: cross 

tabulation 

 
DCIS in HPE 

Total 
Detected Not Detected 

DCIS in MRM 
Detected 32 1 33 

Not Detected 13 28 41 

Total 45 29 74 

 

 

In detecting these lesions, digital mammography had 

a sensitivity of 40%, specificity of 100% and 

diagnostic accuracy of 63.5%. 

Digital mammography with MR mammography 

detection of DCIS  

Combined utilization of both DM and MRM 

modalities to detect DCIS resulted in 77.2% 

sensitivity, 96.6% specificity, 97.1% positive 

predictive value (PPV), 74.3% negative predictive 

value (NPV) and 85.1% of diagnostic accuracy 

(DA) with McNemar test significance value at 0.002 

(table 3).  

 

Table 3: DCIS in combined Digital mammography (DM) and magnetic resonance mammography (MRM) vs 

DCIS in histopathological evaluation (HPE) cross tabulation 

 
DCIS in HPE 

Total 
Detected Not Detected 

DCIS in DM and MR M 
Detected 34 1 35 

Not Detected 10 29 39 

Total 44 30 74 

 

From above data we found that MR 

mammography is more sensitive in detecting 

noncalcified DCIS which were not detected in 

digital mammography. In one patient with 

significant pleomorphic calcification detected in 

digital mammography there was no evidence of non-

mass like enhancement in corresponding area in 

MRI. In 29 breasts DCIS was not detected in any 

modality and in all these cases are low grade DCIS 

by histopathology.  

 

IV. DISCUSSION: 
Historically, MR mammography was not 

considered a choice of investigation for evaluation 

of suspected DCIS.5 As more and more centers are 

opting screening MR mammography, incidence of 

DCIS is increasing.15,16  As there are no 

uniformity in enhancement of lesions, radiologists 

could miss many of DCIS during MR 

mammography.17 Such false-negatives may also be 

due to poor conspicuity, subtle or atypical 

appearance, stable disease or even radiologist 

bias.17  Therefore, even today, MR mammography 

even though a powerful tool to detect invasive 

breast conditions, it continues to be supplementary 

to digital mammography and sonomammography in 

screening breast cancers.  

In the similar lines, a combined MR 

mammography and digital mammography has 

detected two additional lesions that were not 

detected through MR mammography alone. DCIS in 

MR mammography is appreciated as segmental, 

focal, diffuse, linear and regional enhancement 

patterns.15 We also noted all these enhancement 

patterns but not quantified as it was not the objective 

of the study. In a study of 220 cases of 
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histopathologically proven DCIS, Akiko et al., noted 

7 occult lesions on detected through MR 

mammography.18 However, in the same study, 

authors also note, 2 patients where MR 

mammographically suspicious of breast cancer and 

biopsy showed no sign of cancer.18 Therefore, 

extensive and routine pre-operative MR 

mammography is not recommended by many 

guidelines.  

 
 

Figure 1A: 69-year-old women with history 

of painless lump felt in right breast since 15 days, 

the digital mammography (A and B) shows well-

defined oval shaped iso-dense lesion in subareolar 

region of right breast and another well-defined 

macro lobulated lesion medial to the above 

mentioned lesions. Incident spiculated hyper dense 

lesion is seen in left breast. MR mammography (C) 

in addition to above mentioned index lesions in both 

breasts shows non mass like enhancement with 

internal clumped enhancement in lower inner 

quadrant of left breast and proven as intraductal 

carcinoma of cribriform type in histopathology. 

As shown in the study, a combination of 

MR mammography and digital mammography can 

have better diagnostic accuracy than any single 

modality alone. Such combinations of digital 

mammography and breast tomosynthesis has been 

proven beneficial.19 It reduces recall rates for 

noncancer cases. Addition of MR mammography to 

sonomammography modality during screening can 

yield an additional 1.1 to 7.2 cancers for every 1000 

high-risk women screened.20 Advances in 

radiomics or radiogenomics along with machine 

learning and artificial intelligence can influence 

effective detection and treatment of DCIS.5  

 

V. CONCLUSION: 
Combining digital mammography and MR 

mammography results in a significant improvement 

in sensitivity than digital mammography alone in 

detecting DCIS. 

 

 

 
 

 



 

     

International Journal Dental and Medical Sciences Research 

Volume 3, Issue 6, Nov-Dec 2021 pp 480-486 www.ijdmsrjournal.com ISSN: 2582-6018 

                                       

 

 

 

DOI: 10.35629/5252-0306480486           |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 485 

Conflict of interest: authors declare no conflict of 

interest 

Funding: Nil 

 

REFERENCES 
[1]. Sharma GN, Dave R, Sanadya J, Sharma P, 

Sharma KK. VARIOUS TYPES AND 

MANAGEMENT OF BREAST CANCER: 

AN OVERVIEW. J Adv Pharm Technol Res. 

2010;1(2):109–26.  

[2]. Zhang M, Lin Q, Su XH, Cui CX, Bian TT, 

Wang CQ, et al. Breast ductal carcinoma in 

situ with micro-invasion versus ductal 

carcinoma in situ: a comparative analysis of 

clinicopathological and mammographic 

findings. Clinical Radiology. 2021 Oct 

1;76(10):787.e1-787.e7.  

[3]. Li GZ, Wong SM, Lester S, Nakhlis F. 

Evaluating the risk of underlying malignancy 

in patients with pathologic nipple discharge. 

The Breast Journal. 2018;24(4):624–7.  

[4]. Lyons D, Wahab RA, Vijapura C, Mahoney 

MC. The nipple–areolar complex: 

comprehensive imaging review. Clinical 

Radiology. 2021 Mar 1;76(3):172–84.  

[5]. Greenwood HI, Wilmes LJ, Kelil T, Joe BN. 

Role of Breast MRI in the Evaluation and 

Detection of DCIS: Opportunities and 

Challenges. Journal of Magnetic Resonance 

Imaging. 2020;52(3):697–709.  

[6]. Ohlmeyer S, Laun FB, Bickelhaupt S, Palm 

T, Janka R, Weiland E, et al. Ultra-High b-

Value Diffusion-Weighted Imaging-Based 

Abbreviated Protocols for Breast Cancer 

Detection. Investigative Radiology. 2021 

Oct;56(10):629–36.  

[7]. Warner E, Causer PA, Wong JW-N, Wright 

FC, Jong RA, Hill KA, et al. Improvement in 

DCIS Detection Rates by MRI Over Time in 

a High-Risk Breast Screening Study. The 

Breast Journal. 2011;17(1):9–17.  

[8]. Jansen SA, Newstead GM, Abe H, Shimauchi 

A, Schmidt RA, Karczmar GS. Pure ductal 

carcinoma in situ: kinetic and morphologic 

MR characteristics compared with 

mammographic appearance and nuclear 

grade. Radiology. 2007 Dec;245(3):684–91.  

[9]. Lehman CD. Magnetic Resonance Imaging in 

the Evaluation of Ductal Carcinoma In Situ. J 

Natl Cancer Inst Monogr. 2010 

Oct;2010(41):150–1.  

[10]. Davis KL, Barth RJ, Gui J, Dann E, 

Eisenberg B, Rosenkranz K. Use of MRI in 

Preoperative Planning for Women with 

Newly Diagnosed DCIS: Risk or Benefit? 

Ann Surg Oncol. 2012 

Oct;19(10):10.1245/s10434-012-2548–3.  

[11]. Aydin H. The MRI characteristics of non-

mass enhancement lesions of the breast: 

associations with malignancy. Br J Radiol 

[Internet]. 2019 Apr [cited 2021 Apr 

18];92(1096). Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/P

MC6540851/ 

[12]. Spak DA, Plaxco JS, Santiago L, Dryden MJ, 

Dogan BE. BI-RADS® fifth edition: A 

summary of changes. Diagnostic and 

Interventional Imaging. 2017 Mar 

1;98(3):179–90.  

[13]. Magny SJ, Shikhman R, Keppke AL. Breast 

Imaging Reporting and Data System. In: 

StatPearls [Internet]. Treasure Island (FL): 

StatPearls Publishing; 2021 [cited 2021 Apr 

18]. Available from: 

http://www.ncbi.nlm.nih.gov/books/NBK459

169/ 

[14]. Rao AA, Feneis J, Lalonde C, Ojeda-Fournier 

H. A Pictorial Review of Changes in the BI-

RADS Fifth Edition. RadioGraphics. 2016 

Apr 15;36(3):623–39.  

[15]. Mossa-Basha M, Fundaro GM, Shah BA, Ali 

S, Pantelic MV. Ductal Carcinoma in Situ of 

the Breast: MR Imaging Findings with 

Histopathologic Correlation. RadioGraphics. 

2010 Oct 1;30(6):1673–87.  

[16]. Amornsiripanitch N, Lam DL, Rahbar H. 

Advances in Breast MRI in the setting of 

Ductal Carcinoma in situ. Semin Roentgenol. 

2018 Oct;53(4):261–9.  

[17]. 17.  Korhonen KE, Zuckerman SP, 

Weinstein SP, Tobey J, Birnbaum JA, 

McDonald ES, et al. Breast MRI: False-

Negative Results and Missed     

Opportunities. RadioGraphics. 2021 May 

1;41(3):645–64.  

[18]. Shimauchi A, Jansen SA, Abe H, Jaskowiak 

N, Schmidt RA, Newstead GM. Breast 

Cancers Not Detected at MRI: Review of 

False-Negative Lesions. American Journal of 

Roentgenology. 2010 Jun 1;194(6):1674–9.  

[19]. Rafferty EA, Park JM, Philpotts LE, Poplack 

SP, Sumkin JH, Halpern EF, et al. Assessing 

Radiologist Performance Using Combined 

Digital Mammography and Breast 

Tomosynthesis Compared with Digital 

Mammography Alone: Results of a 

Multicenter, Multireader Trial. Radiology. 

2013 Jan 1;266(1):104–13. 

[20]. Berg WA, Blume JD, Cormack JB, 

Mendelson EB, Lehrer D, Böhm-Vélez M, et 

al. Combined Screening with Ultrasound and 



 

     

International Journal Dental and Medical Sciences Research 

Volume 3, Issue 6, Nov-Dec 2021 pp 480-486 www.ijdmsrjournal.com ISSN: 2582-6018 

                                       

 

 

 

DOI: 10.35629/5252-0306480486           |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 486 

Mammography Compared to Mammography 

Alone in Women at Elevated Risk of Breast 

Cancer: Results of the First-Year Screen in 

ACRIN 6666. JAMA. 2008 May 

14;299(18):2151–63. 


