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Abstract

Purpose The aim of this study was to evaluate the effect
of breast magnetic resonance imaging (MRI) on preoper-
ative or intraoperative surgical planning.

Methods One hundred and sixty females with breast
cancer were enrolled in the study. The contribution of MRI
compared to MMG and USG, their histopathological con-
cordance, and their impact on surgical treatment were
evaluated prospectively.

Results In 48 (30.0%) of the patients, MRI identified
suspicious lesions that were not detected by MMG and
USG. The diagnosis by MRI was accurate in 17 (10.6%) of
them, while in remaining 31 patients (19.4%) the additional
lesions found by MRI and interpreted as malignant were
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found not to be malignant. The pathological accordance of
MRI and MMG compared with USG were 69.3 and 70.0%,
respectively, whereas individually, MMG and USG were in
accordance with the pathological examination in 52.9 and
67.9% of the cases, respectively.

Conclusions Assessment of the tumor size, multifocality,
multicentricity, and presence of ductal carcinoma in situ
by MRI may lead to misinterpretations in the majority of
patients. The surgical approach should not be changed
based solely on MRI findings. An accurately interpreted
MMG combined with USG may be sufficient in most
cases.

Keywords Magnetic resonance imaging - Breast cancer -
Surgical planning

Introduction

Magnetic resonance imaging (MRI) has been increasingly
used in the preoperative evaluation of both the ipsilateral
and contralateral breast in newly diagnosed breast cancer
patients [1-3]. Although MRI can identify occult breast
disease and plays a role in deciding on the surgical plan in
about one-fifth of the patients, most recent studies do not
validate the use of the technique, as there is still a subset of
clinical circumstances in which the efficacy of breast MRI
is still under investigation [2, 4, 5]. MRI is also used for the
confirmation of MMG, USG and/or biopsy findings [6-8].
In recent studies, it has been stated that MRI leads to a
more extensive surgical excision than the other two
modalities [9—11]. The aim of this study was to evaluate
the role of MRI in planning the surgical approach for
patients with recently diagnosed breast cancer in compar-
ison to other radiological modalities.
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Methods:
Selection and description of participants

One hundred and sixty consecutive females with a diag-
nosis of breast cancer were enrolled in this prospective
study between August 2007 and December 2009 in the
General Surgery Department of Istanbul Medical Faculty at
Istanbul University. Patients with locally advanced breast
cancer, and those who had no findings by either USG or
MRI, while only demonstrating microcalcifications on
MMG, were excluded.

All of the index lesions were visualized on MMG or
USG. The diagnosis was confirmed by either fine-needle
aspiration cytology or percutaneous core biopsy, including
USG-guided procedures, or excisional biopsy, followed by
MRI prior to definitive surgical treatment. Patients with
contralateral breast cancer and those undergoing neoadju-
vant chemotherapy prior to surgical excision were
excluded.

The classification was made according to age, patients
grouped as those aged 40 years of age and older, and those
younger than 40 and according to the composition of the
breast. Group A included patients with lipomatous and
moderately dense breasts and Group B included those with
dense or extensively dense breasts. The changes in man-
agement decisions were categorized as follows: (1) the
management decision was changed from lumpectomy to
mastectomy due to multicentric or extensive multifocal
disease detected on MRI, (2) lumpectomy was changed to a
wider excision because the primary lesion was detected as
multifocal or more extensive on MRI, (3) contralateral
surgery was added because of a new lesion found on MRI
that was otherwise undetected,( 4) the management deci-
sion was changed due to benign lesions detected either by
MRI or MMG/USG, (5) neither MMG/USG nor MRI had
an incremental value on treatment planning, but a recurrent
surgery was performed because of positive surgical mar-
gins on histopathological examination. This last group was
categorized as ‘others’ (Table 3).

When a change in the decision plan was made, the
findings on MMG, USG, MRI, and the final histopathology
were compared to determine whether the change was
beneficial or unnecessary. The changes made were classi-
fied as beneficial if the histopathological results correlated
only with MRI findings, and as unnecessary if there was no
correlation between the histopathological and MRI findings
(Table 3).

Technical information

The findings on MRI, MMG and USG were compared to
determine whether a previously unknown, suspicious
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lesion was detected on MRI. If so, a further comparison
was made to determine if the new lesion was in the con-
tralateral or ipsilateral breast, and whether it was multifocal
or multicentric. A preoperative evaluation of all patients
and all of the surgical procedures, either mastectomy or
breast-conserving surgery, were performed by a single
center breast unit team that comprised breast surgeons and
radiologists experienced in breast imaging. The MRI
device used had a power of 1.5 T (Symphony, Siemens,
Erlangen, Germany) and was equipped with a dedicated
double breast coil. Patients were imaged in the prone
position. Initially, a T2-weighted fat-saturated Turbo Spin
Echo (TSE) sequence was performed in the axial plane
(TR: 4,000, TE: 98, 256 x 256 matrix, 4-mm slice thick-
ness, FOV: 30). This sequence was followed by a pre-
contrast axial T1-weighted FLASH 3D sequence (TR: 9.8,
TE: 4.7, 218 x 256 matrix, 2.5-mm slice thickness, FOV:
32). Then, 0.1 mmol/kg of gadopentate dimeglumine
(Magnevist, Schering) was injected intravenously and the
FLASH 3D sequence was repeated 5 times with the same
parameters used in the pre-contrast acquisition. Each
dynamic sequence took approximately 90 s. Finally, a
sagittal T1-weighted, fat-saturated TSE sequence was
performed (TR: 650, TE: 15, 192 x 256 matrix, FOV: 30).
Following the acquisition, the axial pre-contrast FLASH
3D sequence was subtracted from all of the axial post-
contrast FLASH 3D images on a workstation (Syngo,
Siemens, Erlangen, Germany). The main evaluation was
conducted using these subtracted images.

Statistical analysis

The statistical analysis was performed using the SPSS 15.0
(SPSS Inc., Chicago, IL, USA) software program. A Chi-
square analysis was used to identify and compare the fac-
tors. For all statistical comparisons, a p value <0.05 was
considered to be significant.

Results

The mean age of the patients was 45 years (range 21-83).
Invasive ductal carcinoma was reported in 113 cases
(70.6%), invasive lobular carcinoma in 7 (4.4%), mixed
type in 14 (8.75%), ductal carcinoma in situ in 4 (2.5%)
and other types of breast carcinoma in 22 patients
(13.75%). The demographic characteristics of the patients
are summarized in Table 1.

False positive (FP) and false negative (FN) results
obtained by MRI constituted 11.3% (18/160) and 9.4%
(15/160) of the cases, respectively. With regard to breast
density, MRI resulted in 10 (10.0%) FP and 7 (7.0%) FN
results in Group A (n 100) and 8 (13.3%) FP and 8 (13.3%)
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Table 1 The patients’ characteristics

Factor Number Percentage (%)
Mean age (range) 45 (21-83)
Mean age at menopause (range) 48 (42-56)
Lactation
>12 months 45 28.1
Menopausal status
Pre-menopausal 94 58.75
Post-menopausal 66 41.25
Use of hormone replacement therapy
>12 months 6 43
Palpable mass
Present 130 81.25
Absent 30 18.75
Histopathology
IDC 113 70.6
ILC 7 44
Mixed type 14 8.75
DCIS 4 2.5
Other types of breast cancer® 22 13.75
Surgery
BCS 101 63.1
Mastectomy 59 36.9
Re-excision 39 24.4

IDC invasive ductal carcinoma, ILC invasive lobular carcinoma,
DCIS ductal carcinoma in situ, BCS breast-conserving surgery

4 Mucinous, papillary and signet ring cell types of breast cancer

Table 2 The number of lesions detected by MMG, USG and MRI

MMG (n) USG (n) MRI (n)
Unifocal lesions 95 101 82
Multifocal lesions 15 31 30
Multicentric lesions 5 11 17
Benign lesions 2 13 12
DCIS 2 - 2
DCIS around unifocal tumor 12 3 14
Axillary lymph node affected 3 - -
Bilateral lesions 0 1 3

No abnormality 26 - -

MMG mammography, USG ultrasound, MRI magnetic resonance
imaging

FN results in Group B (n 60). There was no statistically
significant relationship between the breast density and FN
or FP MRI findings (p = 0.81, p = 0.26).

The tumor characteristics are shown in Table 2. In 112
patients (70.0%), the results of MMG and USG were in
concordance with the MRI findings. MRI detected various
suspicious lesions that were not detected on MMG and
USG in 48 patients (30.0%). The change in the surgical

plan according to the diagnosis by MRI was correct in
10.6% of the patients (17/160). Additional lesions found on
MRI in 19.4% (31/160) of cases were misdiagnosed, which
led to an incorrect or unnecessary change in the surgical
plan.

In the first group, there were 11 patients (6.9%) for
whom the MRI findings suggested that the procedure
should be changed from lumpectomy to mastectomy. It
was beneficial to perform mastectomy instead of breast-
conserving surgery in 6 cases (3.8%). Mastectomy was
unnecessary in 5 (3.1%), which was performed based on
the MRI findings of multicentricity in three cases and
extensive ductal carcinoma in situ around the index tumor
in two cases, as no multicentric focus or extensive in situ
carcinoma was found in the histopathological examination
of the specimen (Table 3).

In the second group which required wider excision
according to MRI findings, the procedure was beneficial for
6 patients (3.8%), in whom it was shown that there was no
multicentric tumor, but a multifocal lesion or a more
extensive primary lesion, which resulted in the perfor-
mance of breast-conserving surgery. MRI was harmful for
20 patients (12.5%), and had indicated that there was
extensive local distribution of the tumor warranting mas-
tectomy. However, the surgical and pathological experi-
ence led to preservation of the breast with tissue shifts after
wide optimal excisions (Table 3).

In the third group, there were 4 patients (2.5%) with
contralateral MRI findings. The use of MRI was beneficial
in one patient (0.6%) because it discovered a unifocal
tumor, but it resulted in unnecessary excisional biopsies in
three patients (1.9%) due to overdiagnosis (Table 3).

In the fourth group, there were 7 (4.4%) patients with
lesions that were classified as benign. MRI was beneficial
in 4 patients (2.5%) because it detected carcinoma in the
lesions diagnosed as benign by MMG and USG. However,
MRI misdiagnosed malignant lesions as benign in three
cases (1.9%) which were diagnosed correctly by MMG and
USG. The diagnosis of malignancy was confirmed by a
histopathological evaluation.

In the fifth group, all three modalities failed. Even
though the tumor was shown by all three imaging methods,
5 patients (3.13%) had to undergo multiple re-excisions,
with two resulting in mastectomy. Because an extension of
disease could not be precisely determined before the
operation, multiple procedures therefore had to be carried
out during surgery (Table 3).

In total, MRI detected 48 (30.0%) additional suspicious
lesions that were not detected on MMG and USG. The
lesions were diagnosed accurately in 17 patients (10.6%),
and the surgical approach was changed in these patients,
resulting in a survival change due to a decrease in the rate
of misdiagnosis. However, in 31 cases (19.4%), a false
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Table 3 The beneficial and unnecessary changes in surgical decisions related to the MRI findings

All additional procedures related to MRI
findings (30.0%, n = 48)

Beneficial changes (accurate)
(10.6%, n = 17)

Unnecessary changes (misdiagnosed)
(19.4%, n = 31)

Change from lumpectomy to mastectomy (6.9%, n = 11) (3.8%, n = 6) (3.13%, n = 5)
Wider excision® (16.3%, n = 26) (3.8%, n = 6) (12.5%, n = 20)
Contralateral surgery (2.5%, n = 4) 0.6%, n = 1) (1.9%, n = 3)
Excision of benign lesions (4.4%, n = 7) 2.5%,n =4) (1.9%, n = 3)
Others (recurrent surgery) (3.13%, n = 5) 0 (3.13%,n =5)

* No change in the surgical approach, but wider excisions were performed

Table 4 The histopathological concordance rates of different radio-
logical modalities

Pathological
compliance (n, %)

MMG 74 (52.9%)
USG 95 (67.9%)
MMG + USG 98 (70.0%)
MRI 97 (69.3%)

diagnosis was made by MRI, and the surgical plan was
misdirected (Table 3). The concordance of radiological
methods with the histopathological results was 52.9% for
MMG, 67.9% for USG, 70.0% for the combination of
MMG and USG, and 69.3% for MRI. No significant dif-
ference was found between these three diagnostic methods
(Table 4).

Discussion

The results of preoperative breast MRI can alter the
selection of therapeutic procedures, but all alterations are
not beneficial for the patient and the decision making team.
Unnecessary operations for benign lesions and unnecessary
mastectomies for misdiagnosed lesions are disadvanta-
geous [6, 9, 12-16]. Additional imaging studies and biop-
sies can delay surgery by several days or weeks. Although
it is unlikely to affect the course of the disease, both the
delay and false positive findings detected lead to increased
patient anxiety [17, 18].

The power of this study comes from the fact that it is
prospectively designed, and that the evaluation of MRI
findings was performed by the same radiologist, and the
evaluation of specimens was performed by the same
pathology team. In the study by Sardanelli and co-workers
[19], MRI was concluded to be more sensitive than mam-
mography for the detection of malignant foci in fibro-
glandular and dense breasts compared with fatty breasts. In
contrast, Deurloo et al. [12] showed that mammographic
breast density was not correlated with the complementary
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value of MRI to assess the tumor extent. In our study, there
was no significant difference between the dense and lipo-
matous breasts in the rates of false positive and negative
results of MRI, but in breasts with moderate density, both
rates were found to be higher for MRI (FP 13.3 vs. 10.0%;
FN 13.3 vs. 7.0%). However, larger studies are required to
determine the influence of breast density on the patient
benefit from breast MRI. [12].

The false positive ratio was found to be 5.5% in the
meta-analysis by Houssima [5]. Siegman et al. [9] and
Bedrosian et al. [20] reported 10.1 and 7.5% false positive
rates for MRI in detecting lesions, respectively. Our current
false positive (11.3%) and false negative (9.4%) rates for
MRI were similar to those of other studies.

In their meta-analysis of 19 studies, Houssami et al. [5]
have shown that the median prevalence of detection of
additional foci of cancer within the affected breast with
preoperative MRI is 16% (interquartile range 6-34%)
based on 2,610 female patients with recently diagnosed
cancer. The detection of additional lesions is important
because it may change the decision about the type of sur-
gery to be performed. In our study, MRI detected addi-
tional suspicious lesions, not shown in MMG and USG, in
30.0% of the cases. The differences between studies may
be due to the different MRI techniques used in different
centers. MRI examination changed the surgical therapy
selected in 7.8 to 33.3% of cases in the studies analyzed by
Houssami et al. [5], and virtually always in the direction to
a more extensive surgery, such as a wider excision or a
mastectomy that would not otherwise have been
performed. Pengel et al. [21] showed that there was an
MRI-induced treatment change in 11% of patients (to
mastectomy in 8.7% and to a wider excision in 2.3%). In
contrast, Bleicher and colleagues [10] found no significant
difference in the likelihood of requiring conversion from
BCS to mastectomy based on preoperative MRI findings.
In different series, the rate of changing the treatment
modality from BCS to mastectomy was reported to
increase from 6.5 to 25% with the application of MRI [7,
20, 22, 23]. In our study, MRI changed surgical therapy
from BCS to mastectomy in 6.9% of the cases. Some
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patients with multifocal disease underwent wider excisions
for better local control. The incidence of performing wider
excisions has increased from 3 to 13.5% with MRI for
additional lesions found [7, 20, 22, 23]. Our data were
similar, in that MRI-directed wider excisions were per-
formed in 16.3% of the patients in our study.

The rate of the correct and incorrect surgical changes is
more important than the surgical treatment changes. The
European Society of Breast Cancer Specialists (EUSOMA)
has reported a correct change in treatment (different sur-
gical access, wider excision, excision of another lesion in
the same or contralateral breast) in 12-32% of patients,
while an incorrect change has been recorded in 3-30%
of patients who have undergone a preoperative breast MRI
[7, 12, 20, 24-29]. In the meta-analysis of 19 studies by
Houssami et al., true conversion from wide local excision
to mastectomy was performed in 8.1% of cases (range
5.9-11.3%) and from wide local excision to more extensive
surgery in 11.3% of cases with multifocal/multicentric
disease (range 6.8-18.3%). Due to the false positive
detection of lesions by MRI (in patients who did not
actually have additional malignancy on histology) con-
version from a wide local excision to mastectomy was
made in 1.1% of cases (95% CI 0.3-3.6) and from a wide
local excision to more extensive surgery in 5.5% of cases
(95% CI 3.1-9.5) [5]. Berg and colleagues [7] found that
12% of patients underwent a medically unnecessary mas-
tectomy rather than undergoing further workup of abnor-
mal MRI findings. Petit and colleagues reported that the
type operation in 36 of 410 patients who were believed to
be candidates for breast-conserving surgery was converted
to mastectomy because of additional lesions detected by
MRI. In 23 cases, confirmation of malignancy by biopsy
for the additional lesion was not performed, and more than
half of those revealed no additional cancer [30].

If we evaluate all of our patients examined by MRI,
10.6% of the additional lesions detected were accurately
diagnosed, and 19.4% were misdiagnosed. Conversion
from breast-conserving surgery to mastectomy was per-
formed in 6.9% of the cases, 3.8% of which were appro-
priate because of multicentricity and extensive in situ
cancer, while mastectomy was unnecessary in 3.13% of the
cases. The low rate of unnecessary surgical approaches can
be explained by the performance of surgery by a dedicated
breast team, which clearly led to a reduction in the
unnecessary interventions. The cancer foci visualized only
by MRI should not be a reason for performing mastectomy
in all patients [31]. Although MRI-guided biopsy of the
additional lesions or of the additional extent of a known
cancer can decrease the mastectomy rates [31], pre-oper-
ative MRI should only be offered by institutions that can
offer MRI-guided biopsy in such circumstances [31, 32].
Although it is clear that the problem associated with

inappropriately performed surgery because of false positive
MRI results can be minimized by biopsy confirmation,
there are some practical difficulties associated with this
approach [33].

In our series, MRI directed 16.25% of the cases to wider
excisions, more than the rate in other series. In total, 12.5%
of these changes were unnecessary, while 3.8% were
beneficial. Regardless of how the imaging modalities
define the local extent of the disease (unicentric, multifo-
cal, extensive in situ carcinoma), optimal excision can only
be performed in the operating room with the cooperation of
the surgeon and the pathologist, even with multiple re-
excisions. Liberman and colleagues [27] also noted that
most of the additional tumors detected were in the same
quadrant as the index lesion. These findings correlate well
with the observations of Holland and colleagues [34],
indicating that 96% of pathologically detected tumor foci
were found within 4 cm of the index tumor. In our opinion,
the determination of the surgical approach is more impor-
tant than tumor size detected according to the MRI find-
ings. The close cooperation of the surgeon and the
pathologist and also the experience of the surgeon are
essential in ensuring the best preoperative and intraopera-
tive evaluation of breast carcinoma. In the cases with
multifocal lesions, we believe that satisfactory collabora-
tion between the surgeon and pathologist may therefore
prevent recurrent interventions.

Several single institution studies [1, 2, 24, 35] and one
large multicenter study [36] have shown that MRI can
detect otherwise occult contralateral malignancy in about
3-4% of breast cancer patients. However, in the multi-
center study, biopsy recommendations for contralateral
lesions were made for 13% of patients [36]. In a meta-
analysis of MRI of the contralateral breast, Brennan and
colleagues [37] reported a 9.3% incidence of abnormalities
detected by MRI in the contralateral breast (true-positive
plus false positive), with a positive predictive value of
47.9%.

In our study, one (0.6%) appropriate surgical interven-
tion was applied when clinically and mammographically
occult contralateral disease was detected by breast MRI.
Contralateral breast tumors were detected by MRI in
another 3 patients (1.9%), and unnecessary excisional
biopsies were performed. MRI detected unifocal tumor in 4
patients (2.5%), although MMG and USG defined them as
benign lesions, and beneficial lumpectomies were per-
formed as intraoperative frozen sectioning of the masses
revealed invasive tumor. In contrast, USG and MMG
defined unifocal lesions, but MRI indicated that the lesions
were benign in 3 patients (1.9%) that were diagnosed as
carcinoma following lumpectomy. Although the sensitivity
of breast MRI in the detection of malignant lesions
is 97-100%, the specificity was found to be 50-80%
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[24, 38, 39]. For that reason, the differential diagnosis of
small foci seen on MRI but not detected by physical
examination or by USG and MMG is difficult, and
increases the rate of unnecessary biopsies.

In our study, the lesions other than the index lesion
(multifocal/multicentric/contralateral) detected only by
MRI were proven benign or malignant only after surgery.
We could not make a preoperative diagnosis at that time,
since we had not yet started to perform MRI-guided breast
biopsy procedures. Although some studies have revealed
that MRI findings were more reliable for the determination
of tumor size, the results of our series do not support this
finding. Sometimes, the abnormal findings detected on
MRI are accepted directly to be a tumor focus without
being confirmed by a histopathological analysis. Ulti-
mately, the question is whether the benefits of breast MRI
outweigh the costs, including the additional diagnostic
procedures performed as a result of MRI findings, the more
aggressive surgical treatment, and the potential psychoso-
cial costs of increased emotional distress [4]. These find-
ings strongly suggest that MRI is capable of finding some,
but not all, of the tumor foci identified with detailed his-
topathological sectioning [33].

In conclusion, our current data and the previous studies
suggest that MRI should not take the place of the routine
imaging protocols for patients before lumpectomy, except
for limited indications. Although the current data are
insufficient to justify any specific recommendations for the
use of breast MRI in breast-conserving surgery, selective
use depends on the knowledge of multidisciplinary expe-
rience. Which individual cases may cause problems should
be decided by a detailed breast examination incorporating
imaging findings. Surgeons should take part in the evalu-
ation of the results of all imaging modalities, and correla-
tions with the operative and histopathological findings
should be provided to gain experience in making a decision
about what to do and when.
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