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MAGNETIC RESONANCE IMAGING OF THE
BREAST: A PROBLEM SOLVING TOOL
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ABSTRACT

Approximately one in every nine Pakistani women is likely fo suffer from breast cancer. This is one of the highest incidence
rates in Asia. Mammography and ultrasound are the basic imaging techniques for the detection and localization of breast
fumors. Breast magnetic resonance imaging (MRI) has become increasingly important in the detection and delineation
of breast cancer in daily practice. The ufility of diagnostic value of MRl is mainly on specific situations such as detecting
mulfifocal, mulficentric or contralateral disease unrecognized on conventional imaging, assessing for the response to
neoadjuvant chemotherapy, detection of cancer in dense breast tissue, recognition of an occult primary breast cancer.
The standard breast MRI protocol includes T2 sequences (anatomy and signal analysis), T1 gradient-echo sequences
which can detect markers placed after biopsy, and injected dynamic 3D sequences for performing volume and multipla-
nar reconstructions, which are particularly useful for locating lesions. Good patient positioning is essential. These aspects
limit movement artefacts which alter subtraction sequences; it must be compared with the native sequences. New
functional imaging sequences are now appearing in an atfempt fo increase the specificity of MRI, which is one of its main
limitations. Of these, magnetic resonance spectroscopy appears fo be the most promising.
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INTRODUCTION

Breast cancer is the most common malignant disease
occuring in women with lifetime prevalence of 12.4 %. !
Approximately one in every nine Pakistani women is likely
to suffer from breast cancer. This is one of the highest
incidence rates in Asia. Pakistani women show an
incidence rate of 50/100,000 and in the neighbouring
counfry India, with similar socio-cultural background the
incidence rate is 19/100,000. 2

The availability of MRI as a supplementary examination to
mammography offers a clear clinical benefit to some
women at high risk for breast cancer. ® Magnetic
Resonance Imaging (MRI) has a sensitivity exceeding 90%
for detecting breast lesions and is superior in measuring
lesion size compared to mammography and ultrasound.
45 Breast MRI is, therefore, nowadays is used for screen-
ing, in the preoperative and neoadjuvant setting. ¢7

The main addifional diagnostic value of MRI relies on
specific  situafions such as detecting mulfifocal,
mulficentric or confralateral disease unrecognized on
conventfional  assessment  (parficularly in patients
diagnosed with invasive lobular carcinoma), assessing the
response fo neoadjuvant chemotherapy, detection of
cancer in dense breast fissue, recognition of an occult
primary breast cancer in patients presenfing with cancer
metastasis in axillary lymph nodes.8

IMATERIAL AND METHODS

This review included all arficles that were used for
the improvement of knowledge about MRI Breast.
A literature search was conducted using the
electronic databases of Pub Med, Google scholar,
Elsevier from 1990 to 2014 for English-language articles.
The search terms used were: Magnetfic resonance
imaging; Breast  Cancer;, Mammography;  Early
detection. The ftitles and abstracts of articles were
examined. Full text and reviews of the articles were
obtained when the abstracts matched the inclusion
criterion.

MRI (1.5 Tesla UNIT) PROTOCOLS

HISTORY:

It is beneficial to have the patient a complete specific
questionnaire aided by an experienced breast imaging
assistant or a radiologist (Figure 1) like CHUMZ has
developed. This should include information on hormonal
status (menopause, day of the menstrual cycle,
pregnancy, breast-feeding), the person-al history of
breast cancer (specifying the date of surgery, the date
of the end of radiotherapy, the history of axial lymph
node dissection, the chemotherapy or hormone
treatment) and any family history.
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Figure 1: A sample of questionnaire/history form which should be asked from patients undergoing MRI breast.

Patients Name

SEX AGE

Patients Current Complain

Previous Mammogram/ultrasound

Previous MRI Breast yes/no

findings

Where When

Date of Last Menstrual Cycle

Regular Irregular

Any previous surgical history

If Post Menopausal At what age Menstrual cycle stopped:

Naturally/surgically/drug effect:

Personal medical History

Already diagnosed Breast Cancer? Right/Left

If yes what is the mode of treatment received?
Surgery: yes/no  with/without axillary disecction
Chemotherapy: yes/no

Radiotherapy: yes/no

Current medications;

Family History of Any Cancer ?
BRCA1/BRCA2 positive yes/no

Referred by

SUITABLE PERIOD FOR EXAMINATION:

The best time for MRI breast examination is during the
second week of the menstrual cycle because normal
breast tissue may interfere with accurately interpreting the
MRI study, the timing of imaging during the menstrual
cycle is important. 3

POSITIONING:

Correct positioning of the breast coil is essential to
minimize the number of artifacts. Good patient positioning
is essential and is obtained by using foam wedges for small
breasts, ensuring there are no folds, and the correct
position of the nipples. These aspects limit movement
artefacts which alter subtraction sequences.

Standard protocol includes very uniform magnetic field in
order to reduce artifacts related to non uniform fat
suppression. Both breasts must be investigated to allow
mirror reading by facilitating detection of the physiologi-
cal glandular contrast uptake which can limit the diagnos-
tic value of the examination by masking a certain amount
of contrast uptake and limiting aliasing artifacts.

The use of an automatic injector is recommended. Slice
thickness should be less than or equal to 3 mm with pixel
size less than 1 mm on each side. Finally acquisition time
should be less than 2 min as the mean enhancement time
of a malignant tumor is between 90 and 120 sec.?

STANDARD SEQUENCES:

The morphological sequences used in breast MRI are
unenhanced high-spatial resolution T2 weighted fast
spin-echo sequence without fat saturation in the axial
plane for detecting the presence of cysts or microcysts.
The European recomendations EUSOBI undertakes a T2W
sequence. According to Khul et al 10 T2W sequence can
be performed without fat saturation because a T2 signal
greater than that of non saturated fat has a higher
predic-tive value for a benign cyst.5 T2-weighted
sequences with fat saturation are useful for creating
indirect MRl ductogra-phy images where there is a
discharge and seem to opfimise the detection of small
cancers.
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Tl-weighted sequences are useful for detecting the
presence of a fatty component within a lesion, which is
also a major aspect predicting its benign nature. T1
sequences are therefore performed without fat

saturation. They also allow metal markers to be detected
which may have been positioned at the end of biopsy.
When the biopsy took place using stereotactic
mammography orultrasound, the marker provides
confirmation that the position of the biopsied lesion and
of contrast uptake in the MRI is the same. This detection
of the biopsy marker is based on detecting the magnetic
susceptibility artefact on T1 gradient-echo sequences,
created by the metallic nature of the marker. The longer
the TE of the sequence the more this artefact is visible
dynamic sequences must satisfy the two major classic
requirements of perfusion imaging: good temporal
resolution (< 2 minutes) and good spatial resolution
(mm isotropic pixel).!?

CONTRAST AGENT:

Intravenous injection of gadolinium chelates at the
standard dose of 0.1 mmol kg-1 with an injection rate of 2
ml s-1 followed by saline flushing using an automatic
injector. For dynamic studies performed both with and
without fat saturation, image post-processing includes
temporal subfraction; morphological in addition to
dynamic analyses with representative curves.'0

DIAGNOSTIC ACCURACY OF MRI:

Hrung et al!® performed a metennalysis of 16 studies
published between 1994 and 1997. The overall sensitivity
of MRI for detecting breast cancer was 95% with a
specificity of 67%. A meta-analysis performed by Peters et
al.'* comprising 44 studies, reported an overall sensitivity
of breast MRI of 90%. The overall specificity was 72%,
indicat-ing that 28% of the detected lesions were
false-positive findings. Peters et al study focused on small,
nonpalpable, early stage breast cancer, explaining the
somewhat lower sensitivity compared to the
meta-analysis of Hrung et al.

An additional value of MRI'is the detection of DCIS lesions.
In a retrospective study Kim et al > stated that MRI was
more superior for the detction of size of DCIS than mam-
mography. Hwang et al'é¢ showed MRI to be more superi-
or fo mammography in detecting invasive components in
patients diagnosed with DCIS. MRI also showed higher
sensitivity and negative predictive value for detection of
residual DCIS.

In a meta-analysis of 11 studies, MRI had a significantly
higher sensitivity than mammography when used in dense
breasts.'” However, MRI is not meant to replace mam-
mography.

Figure3. Courtesy Menezes GLG et al . Breast MRI: Review and future perspectives World J Clin Oncol 2014 May 10; 5(2):
61-708

450

Enhancement (%)
3

Dynamic series (No.)

Figure 3 A G2-year-old patient with nipple withdrawal, finally diagnozed as ductolobular eareinoma. A, B and C: Axial T1-walghted gradiant-echo images ob-
tained at T T before and after contrast injection. An imegular mass with spiculated marging can be observed on pré-contrast imaging (4). An inlense homogeneous an-
hancement (B} and a rapid wash-out kinetic curve (D) can be cbsenved following contrast adminkstration. In Figure 3C, an ullra-high-resolution T1-weighted gradient-
echo sequence with fat suppression was performed, and the monphological aspects of the lesion can be more cleardy seen.
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SCREENING HIGH RISKS PATIENT:

MRI has an important role in screening high-risk patients.
The American Cancer Society Guidelines for the Early
Detection of Cancer advices annual breast MRI beginning
at the age of 25-30 years in patients carrying particular
cases, the European Society of Breast Imaging also
recommends annual MRl screening.18

Additionally MRI can be beneficial in patients with dense
breast parenchyma. Mammography has a high false
negative rate in patients with dense breast tfissue.’?2 In
a large multicenter study, Schnall et al.?* proved that MRI
has superior capability to detect additional occult cancer
foci when compared to mammography, particularly in
women with radiographically dense breasts and larger
index cancers (18% vs 7.2%). Many other studies confirm
that MRI has the highest diagnostic value when used in
patients with heterogeneous or extremely dense breast
parenchyma.25.26.27

The European Breast Imaging Society also advices the use
of pre operative MRI in staging malignant lesions in
patients with dense breast tissue. 18 Several guidelines
recommend annual supplemental screening with MRI for
women who are at high risk for breast cancer ( lifetime risk
20%-25% or more). This includes women who carry muta-
tions of the BRCA genes, their first-degree untested
relatives, and women who received radiation to the chest
between the ages of 10 and 30 years (e.g., freatment for
Hodgkin lymphoma). Expert consensus does not currently
support supplemental MRI screening for women with a
lifetime risk of breast cancer that is less than 15%. There is
considerable uncertainty over the use of MRl screening for
women with intermediate risk (15%-20%), including those
with dense breasts or a previous diagnosis of atypia (e.g.,
lobular carcinoma in situ, atypical lobular hyperplasia,
atypical ductal hyperplasia) on breast biopsy.28,29

TECHNOLOGICAL DEVELOPMENTS

Another method which can improve specificity of breast
MR is spectroscopy and DWI.

DIFFUSION WEIGHTED MRI (DWI):

DWI is a non-invasive MRI technique that measures the
mobility of water molecules in tissue, providing information
such as cellular density, viscosity, membrane integrity, and
fissue microstructure, without the need of contrast
injection 3033, DWI is able to differentiate between tissue
types based on the use of the apparent diffusion coeffi-
cient (ADC). Malignant breast tumors usually have a
higher cellularity and generally present with restricted
water diffusion and lower ADC values when compared to
benign lesions 3435,

In a retrospective study, El Khouli et al 36 selected 93
women with 101 lesions (68 malignant tumors and 33
benign tumors) who underwent MRI using a 3.0 T magnet
and both CE-MRI and DWI were performed. The associa-
tion of DWI with ADC significantly improved the diagnostic
performance and lesion characterization  when
compared to conventional 3D T1-weighted and CE-MRI at
3.0 T. Partridge et al ¥reported that ADC values of DCIS
were lower when compared to benign lesions
and invasive carcinoma. Rahbar et alf® found 96% of
pure DCIS lesions fo be hyperintense in DWI.

Sharma et al ¥ assessed the response of 56 patients with
breast malignant lesions at four different times, before and
after three cycles of Neo Adjuvant Chemotherapy. ADC
has shown a statistically significant change in volume and
diameter in responders (sensitivity 68% and specificity
100%) and the authors suggested ADC would be useful in
predicting early tumor response.

BREAST SPECTROSCOPY:

Breast cancer spectroscopy is slightly behind in determin-
ing the suitability of this technique for clinical practice. In
the mammary gland area Choline is considered the most
important metabolite in proton MR spectroscopy. Many
different metabolites overlap and contribute to the Cho
peak, such as choline, phosphocholine, glycerophsphoc-
oline, taurine and myoinositol, among others40-42. The
Cho peak is centered at 3.2 ppm. Cholines are precursors
of phospholipids which are components of cell mem-
branes and increased Cho signals are associated with
increased cellular turnover 445, The use of breast MR
spectroscopy to distinguish between benign and malig-
nant lesions (using elevated tCho level as an indicator of
malignancy) can potentially improve the accuracy of an
MRI scan by offering increased specificity.

CONCLUSION

In addition to mammography, MR imaging is now becom-
ing part of routine clinical practice for certain patient
populations at high risk for breast cancer. Optimizing
breast MR imaging technique is the first step toward

maximizing diagnostic accuracy. Knowledge of the
imaging appearances of invasive cancers and DCIS
along with an awareness of the benefits and limitations of
the various modadlities, particularly mammography and US,
in identification of MR imaging detected breast cancer is
essential. DWI and spectroscopy used in conjunction with
DCE-MRI increases the specificity for cancer detection
and used alone holds promise of being useful for
widespread cancer screening.

Acknowledgments: Special thanks to Head of
Radiology Department Clifton campus and Assistant
Professor Dr. Muhammad Ali and our Supervisor, Director,
Associate Professor of Radiology Dr. Anwar Ahmed.

REFERENCES

! DeSantis C, Ma J, Bryan L, Jemal A. Breast cancer
statistics, 2013. CA Cancer J Clin 2013; 64: 52-62.

2 Sohail S, Alam SN. Breast cancer in Pakistan-awareness
and early detection. J Coll Physicians Surg Pak 2007;
17(12):711-2.

3 Anabel Scaranelo. Breast screenin? with magnetic
resonance imaging. CMAJ. Nov 6, 2012; 184(16): E877.
doi:10.1503/cmaj.110008

4 Grimsby GM, Gray R, Dueck A, Carpenter S, Stucky CC,
Aspey H et al. Is there concordance of invasive breast
cancer pathologic tumor size with magnetic resonance
imaging2Am J Surg. 2009 Oct;198(4):500-4.

5 Ines V Gruber, Miriam Rueckert, Karl O Kagan, Annette
Staebler, Katja C Siegmann, Andreas Hartkopf et al.
Measurement of tfumour size with mammography, sonog-
raphy and magnetic resonance imaging as compared to
histological tumour size in primary breast cancer. BMC
Cancer 2013, 13:328.

Pakistan Journal of Medicine and Dentistry 2015, Vol. 4 (02)




6 WernliKJ, DeMartini WB, Ichikawa L, Lehman CD,
Onegal. Kerlikowske K et al. Patterns of breast

magnetic resonance imaging use in community
practice. JAMA Intern Med. 2014 Jan;174(1):125-32.

7 Saslow D, Boetes C, Burke W, Harms S, Leach MO,
Lehman CD et al. American Cancer Society guidelines for
breast screening with MRI as an adjunct to mammogra-
phy. CA Cancer J Clin. 2007 Mar-Apr;57(2):75-89.

& Menezes GLG, Knuttel FM, Stehouwer BL, Pijnappel RM,
van den Bosch MAAJ. Magnetic resonance imaging in
breast cancer: A literature review and future perspectives.
World J Clin Oncol 2014; 5(2): 61-70

¢ Szumowski J, Coshow W, Li F, Coombs B, Quinn SF.
Double-echo three-point-Dixon method for fat suppres-
sion MRI. Magn Reson Med 1995;34:120-4.

10 Kuhl_CK, Mielcareck P, Klaschik S, Leutner C, Wardel-
mann E, Gieseke J, et al. Dynamic breast MR imaging: are
signal intensity time course data useful for differential
diagnosis of enhancing lesionse Radiology 1999;211:101-10
T Orlacchio A, Bolacchi F, Rotili A, Cossu E, Tanga |,
CozzolinoV, et al. MR breast imaging: a comparative
analysiof conventional and parallel imaging acquisition.
Radiol Med2008;113:465-76.

12 Niitsu M, Tohno E, Itai Y. Fat suppression strategies in
enhancedMR imaging of the breast: comparison of SPIR
and water excitafion sequences. J Magn Reson Imaging
2003;18:310-4.

13 Hrung JM, Sonnad SS, Schwartz JS, Langlotz CP. Accu-
racy of MR imaging in the work-up of suspicious breast
lesions: a diagnostic meta-analysis. Acad Radiol. 1999
Jul;6(7):387-97.

14 Peters NH, Borel Rinkes IH, Zuithoff NP, Mali WP, Moons
KG, Peeters PH. Meta-analysis of MR imaging in the
diagnosis  of  breast lesions.  Radiology. 2008
Jan;246(1):116-24.

15 Kim SH, Cha ES, Park CS, Kang BJ, Whang IY, Lee AW et
al. Imaging features of invasive lobular carcinoma:
comparison with invasive ductal carcinoma. Jpn J Radiol.
2011 Aug;29(7):475-82.

16 Hwang ES, Kinkel K, Esserman LJ, Lu Y, Weidner N, Hylton
NM. Magnetic resonance imaging in patients diagnosed
with ductal carcinoma-in-situ: value in the diagnosis of
residual disease, occult invasion, and multicentricity. Ann
Surg Oncol. 2003 May;10(4):381-8

17 Warner E, Messersmith H, Causer P, Eisen A, Shumak R,
Plewes D. Systematic review: using magnetic resonance
imaging to screen women at high risk for breast cancer.
Ann Intern Med. 2008 May 6;148(9):671-9.

18 Mann RM, Kuhl CK, Kinkel K, Boetes C. Breast MRI:
guidelines from the European Society of Breast Imag-
ing.Eur Radiol. 2008 Jul;18(7):1307-18.

19 Mandelson MT, Oestreicher N, Porter PL, White D, Finder
CA, Taplin SH et al. Breast density as a predictor of mam-
mographic detection: comparison of interval- and
screen-detected cancers. J Natl Cancer Inst. 2000 Jul
5;92(13):1081-7.

20 Kolb TM, Lichy J, Newhouse JH. Comparison of the
performance of screening mammography, physical
examination, and breast US and evaluation of factors that
influence them: an analysis of 27,825 patient evaluations.
Radiology. 2002 Oct;225(1):165-75.

21 Brem RF, Hoffmeister JW, Rapelyea JA, Zisman G,
Mohtashemi K, Jindal G et al. Impact of breast density on
computer-aided detection for breast cancer. AJR Am J
Roentgenol. 2005 Feb;184(2):439-44.

22 Bird RE, Wallace TW, Yankaskas BC. Analysis of cancers
missed at screening mammography. Radiology. 1992
Sep;184(3):613-7.

2 Thomassin-Naggara |, Trop |, Lalonde L, David J,
Péloquin L, Chopier J. Tips and techniques in breast MRI.

Diagn Interv Imaging. 2012 Nov;93(11):828-39.

24 Schnall MD, lkeda DM.Lesion Dio%nosis Working Group
report. J Magn Reson Imaging. 1999 Dec;10(6):982-%0.

25 Hlawatsch A, Teifke A, Schmidt M, Thelen M. Preopera-
five assessment of breast cancer: sonography versus MR
imaging. AJR Am J Roentgenol. 2002 Dec;179(6):1493-501.
Schelfout K, Van Goethem M, Kersschot E, Colpaert C,
Schelfhout AM, Leyman P et al. Confrast-enhanced MR
imaging of breast lesions and effect on treatment. Eur J
Surg Oncol. 2004 Jun;30(5):501-7.

27 Lee CH, Dershaw DD, Kopans D, Evans P, Monsees B,
Monticciolo D et al. Breast cancer screening with
imaging: recommendations from the Society of Breast
Imaging and the ACR on the use of mammography,
breast MRI, breast ultrasound, and other technologies for
the detection of clinically occult breast cancer. J Am Coll
Radiol. 2010 Jan;7(1):18-27.

28 Saslow D, Boetes C, Burke W, et al.; American Cancer
Society Breast Cancer Advisory Group. American Cancer
Society guidelines for breast screening with MRl as an
adjunct to mammography. CA Cancer J Clin
2007;57:75-89.

2 Stehouwer BL, Klomp DW, van den Bosch MA, Korte-
weg MA, Gihuijs KG, Witkamp AJ et al. Dynamic
confrast-enhanced and ulira-high-resolution breast MRI at
7.0 Tesla. Eur Radiol. 2013 Nov;23(11):2961-8.

30| Millet, E Pages, D Hoa et al . Pearls and pitfalls in
breast MRI The British Journal of Radiology, 85 (2012),
197-207

31 Stehouwer BL, Klomp DW, Korteweg MA, Verkooijen
HM, Luijten PR, Mali WP et al . 7 T versus 3T contrast-en-
hanced breast magnetic resonance imaging of invasive
ductulolobular carcinoma: first clinical experience. Magn
Reson Imaging. 2013 May;31(4):613-7.

32 Lehman CD. Diffusion weighted imaging éDV\{I) of the
breast: ready for clinical practice? Eur J Radiol. 2012
Sep;81 Suppl 1:580-1.

33 Klomp DW, van de Bank BL, Raaijmakers A, Kortewe
MA, Possanzini C, Boer VO et al. 31P MRSl and TH MRS at
T: initial results in human breast cancer. NMR Biomed. 2011
Dec;24(10):1337-42.

34 GuoY, CaiYQ, CaiZl, Gao YG, An NY, Ma L et al. Differ-
entiation of clinically benign and malignant breast lesions
using diffusion-weighted imaging. J Magn Reson Imaging.
2002 Aug;16(2):172-8.

35 Woodhams R, Matsunaga K, Iwabuchi K, Kan S, Hata H,
Kuranami M et al. Diffusion-weighted imaging of malig-
nant breast tumors: the usefulness of apparent diffusion
coefficient (ADC) value and ADC map for the detection
of malignant breast tumors and evaluation of cancer
extension. J Comput Assist Tomogr. 2005
Sep-Oct;29(5):644-9.

3¢ El Khouli RH, Louie A. Case of the season: a giant
fibroadenoma in the guise of a phyllodes tumor; charac-
terization role of MRI. Semin Roentgenol. 2009
Apr;44(2):64-6.

37 Partridge SC. Future applications and innovations of
clinical breast magnetic resonance imaging. Top Magn
Reson Imaging 2008; 19: 171-176.

38 Rahbar H, Partridge SC, Eby PR, Demartini WB, Gutier-
rezRL, Peacock S et al. Characterization of ductal carcino-
ma in situ on diffusion weighted breast MRI. Eur Radiol
2011; 21:2011-2019.

3% Sharma U, Danishad KK, Seenu V, Jagannathan NR.
Longitudinal study of the assessment by MRI and diffusion
weighted imaging of tumor response in patients with

Pakistan Journal of Medicine and Dentistry 2015, Vol. 4 (02)

locally advanced breast cancer undergoing neoadjuvant
chemotherapy. NMR Biomed 2009; 22: 104-113.

4 Bolan PJ. Magnetic resonance spectroscopy of the
breast.current stafus. Magn Reson Imaging. Clin N Am

2013; 21:625-639.

41 Glunde K, Bhujwalla ZM, Ronen SM. Choline metabo-
lism in malignant tfransformation. Nat Rev Cancer 2011; 11:
835-848.

42 Tozaki M, Sakamoto M, Oyama Y, Maruyama K,
Fukuma E. Predicting pathological response to neoadju-
vant chemotherapy in breast cancer with quantitative TH
MR spectroscopy using the external standard method. J

Farheen Raza, Waseem Mehmood Nizamani Magnetic Resonance Imaging Of The Breast. A Problem Solving Tool

Magn Reson Imaging 2010; 31: 895-902.

4 Begley JK, Redpath TW, Bolan PJ, Gilbert FJ. In vivo
proton ‘magnetic resonance spectroscopy of breast
cancer: areview of the literature. Breast Cancer Res 2012;
14: 207.

4 Haddadin IS, Mcintosh A, Meisamy S, Corum C,
Styczynski Snyder AL, Powell NJ et al. Metabolite quantifi-
cation and high-field MRS in breast cancer. NMR Biomed
2009; 22: 65-76.

45 Mountford C, Ramadan S, Stanwell P, Malycha P.
Proton MRS of the breast in the clinical setting. NMR
Biomed 2009;22: 54-64.

Pakistan Journal of Medicine and Dentistry 2015, Vol. 4 (02)






