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Ágrip 

Inngangur: Segulómun af brjóstum kvenna sem greinst hafa með brjóstakrabbamein hefur 

nýlega verið innleidd á Íslandi. Erlendar rannsóknir sýna að með segulómun megi finna fleiri 

mein en með röntgenmynd af brjóstum og getur það breytt fyrirhugaðri meðferð á formi 

skurðaðgerðar. 

Markmið: Markmið rannsóknarinnar er að kanna hvaða áhrif segulómunin hefur á 

skurðaðgerðaráform kvenna sem eru nýgreindar með brjóstakrabbamein á Íslandi.  

Aðferðir: Rannsóknin er lýsandi tilfellarannsókn á 284 konum sem komu í segulómun af 

brjóstum á árunum 2007 og 2008 á Landspítala Háskólasjúkrahúsi. Bornar voru saman 

niðurstöður röntgenmynda og segulómana af brjóstum. Ef niðurstöður segulómunar voru 

frábrugðnar niðurstöðum röntgenmynda mat skurðlæknir hvort skurðaðgerðaráform hefðu 

breyst.  

Niðurstöður: Hjá 43 (15.1%) konum fundust fleiri mein með segulómun en með 

röntgenmynd af brjóstum. Hjá 23 (8.1%) konum var meinið í sama brjósti og hið þekkta æxli 

en hjá 17 (6%) í hinu brjóstinu. Hjá þremur konum (1%) voru mein í báðum brjóstum á 

segulómun en engin mein höfðu sést á röntgenmynd. Skurðaðgerðaráform breyttust hjá 20 

konum (7%) vegna niðurstöðu segulómunarinnar. Gerð var stærri aðgerð á sama brjósti hjá 

níu konum (3.2%) og 11 (3.9%) konur fóru í aðgerð á báðum brjóstum í stað aðgerðar á öðru 

brjósti. 

Ályktun: Þessi rannsókn staðfestir að með segulómun megi finna mein, bæði góðkynja og 

illkynja, sem ekki greinast á röntgenmynd af konum með brjóstakrabbamein.  Þessi mein geta  

breytt skurðaðgerðaráformum hjá um helmingi þeirra. 
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Abstract 

Introduction: Routine breast Magnetic Resonance Imaging (MRI) has recently been 

introduced in Iceland as a preoperative examination of patients with incident breast cancer. 

Previous studies report that additional lesions not detected on mammography can be identified 

with MRI, which may result in revised surgical planning. 

Objectives: The aim of this study is to determine if additional findings on preoperative breast 

MRI changed the planned surgical treatment. 

Methods: This is a descriptive case series of 284 female patients who underwent breast MRI 

in the years 2007 and 2008 at Landspitali-University Hospital, Reykjavík, Iceland. The results 

of mammography and breast MRI were compared for each patient. If an additional lesion was 

detected on breast MRI, a breast surgeon evaluated if the planning of the surgical treatment 

was altered. 

Results: An additional lesion was detected on breast MRI in 43 women (15.1%). In 23 

women (8.1%) the additional lesion was found in the ipsilateral breast and in 17 (6%) in the 

contralateral breast. In three women (1%) the breast MRI showed bilateral lesions that were 

not detected on mammography. Due to the MRI findings surgical planning was changed in 20 

women (7%). A wider unilateral excision was performed in nine women (3.2%) and in 11 

cases (3.9%) bilateral surgery was performed instead of unilateral.  

Conclusion: The results of this study confirm previous reports that preoperative breast MRI 

detects additional lesions, benign and malignant, in a substantial number of breast cancer 

patients and can alter the surgical treatment in approximately half of these patients. 
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THEORETICAL BACKGROUND 

Breast cancer is the most common cancer among women worldwide and accounts for 23% of 

all cancer combined (1). This also holds true in Iceland with 182 new cases diagnosed in 2007 

and 204 in 2008 (2). The number of new breast cancer cases in Iceland has increased over the 

past decades. The Icelandic Cancer Registry (ICR) reported an age-standardized incidence 

rate of 77.3 per 100,000 for breast cancer in the period 1994 – 1998, while ten years later, in 

the period 2004 – 2008 the age-standardized incidence rate was up to 91.6 per 100,000. 

Despite the higher incidence, the death rate has decreased (3). 

In the last decades breast MRI has been introduced in the preoperative evaluation of breast 

cancer as a complement to existing methods. This article focuses on the impact of breast MRI 

on surgery in patients newly diagnosed with breast cancer. 

1 Breast cancer 

1.1 Characteristics and stage 

Breast cancer can be noninvasive or invasive. In noninvasive (in situ) breast cancer the cancer 

cells have not spread from their place of origin through the normal breast tissue barrier. The 

most common type is ductal carcinoma in situ (DCIS), which is confined to the lining of the 

milk ducts. Lobular carcinoma in situ (LCIS), which is confined to the milk glands, is more 

rare. In invasive (infiltrating) breast cancer, the cancer cells have spread outside the breast 

tissue barrier that lines a duct or lobule, invading the surrounding tissue. The cancer cells can 

then metastasize to other parts of the body, to the lymph nodes via the lymphatic system and 

via the bloodstream to distant organs. The two major types of invasive breast cancer are 

ductal carcinoma (IDC) that is the most common type and lobular carcinoma (ILC). Less 
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common form of invasive breast cancers are medullary, tubular and mucinous carcinoma 

(4,5). 

A staging system is a standardized way to summarize information about how far a cancer 

has spread. It can be used to assess the patient’s prognosis and to decide treatment. The TNM 

system from the American Joint Committee on Cancer’s (AJCC), is most commonly used to 

stage breast cancer. It is based on the size of the tumor (T), whether lymph nodes are involved 

or not (N), and whether the cancer has spread beyond the breast (M).  Based on the TNM 

system breast cancer is classified as Stage 0-4 (6). 

Stage 0 refers to non-invasive cancer (carcinoma in situ). In Stage I the tumor measures 2 

cm or less and has not spread to the lymph nodes. In stage IIA the tumor measures 2 cm or 

less and has spread to the axillary lymph nodes, or the tumor measures 2 - 5 cm but has not 

spread to the axillary lymph nodes. In stage IIB the tumor measures either 2 - 5 cm and has 

spread to the axillary lymph nodes, or measures over 5 cm and has not spread to the axillary 

lymph nodes. Stage IIIA-C is used for tumor of any size, even when no tumor is found in the 

breast, if the cancer has spread to axillary lymph nodes, to lymph nodes near the breastbone or 

the collarbone.  Stage IIIA-C is also used if the tumor has spread to the chest wall or the skin 

of the breast. In stage IV the cancer has metastasized to other organs of the body, most often 

to the bones, lungs, liver or brain (6,7). 

1.2 Survival rate 

Breast cancer is most effectively treated in its early stages. This is well demonstrated by the 

reported five-year survival rate of  100% for stage 0 and I, 86% for stage II, 57% for stage III, 

and 20% for stage IV disease (8). These figures illustrate the importance of early detection.  

The reported survival rate is different from country to country. Women in low-resource 

countries generally present with breast cancer at higher stages compared to women in high-
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resource countries and consequently have lower survival rate (9). The National Cancer 

Institute reported that overall five-year relative survival rate among American women 

diagnosed with breast cancer 1996 to 2006 was 89% , 90.2% for white women and 77.5% for 

black women (10). In England the survival rate was 82% for women diagnosed with breast 

cancer 2001 to 2006 (11) and in Sweden the reported survival rate was 87.8% in 2007 (12). 

The prognosis for breast cancer patients in Iceland has improved over the past decades. 

The five-year survival rate for the period 1985 – 1994 was 79%, but increased to 90% in the 

years 1995 – 2004 (13). 

1.3 Treatment 

Therapy for breast cancer can either be surgery, chemotherapy, radiotherapy or hormonal 

therapy; or any combination of these methods, depending on the patient´s needs (14).   

1.3.1 Surgery 

The aim with surgery is to excise the tumor along with the surrounding tissue. In mastectomy 

the whole breast is removed. Breast-conserving surgery (BCS) is a less radical procedure in 

which the tumor with its surrounding tissue is removed. This type of procedure includes 

lumpectomy. In both mastectomy and BCS, lymph node removal can be included (9,15).  

1.3.2 Radiotherapy  

In radiotherapy high-energy x-rays are used for curative or adjuvant treatment. Radiotherapy 

is targeted to the breast to destroy any cancer cells that may have been left at surgery, to 

reduce the risk of recurrence. In some cases radiation is also delivered to the loco-regional 

lymph nodes (16,17).  
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1.3.3 Chemotherapy 

Chemotherapy is used to inhibit the growth of cancer cells, either by affecting cell division or 

by eradicating the cancer cells. With endocrine therapy, the action of hormones that stimulate 

cancer growth in estrogen receptor-positive cancer cells is inhibited. Tamoxifen, which is an 

antagonist of the estrogen receptor in breast tissue, has been the most commonly used anti-

estrogen therapy for estrogen receptor-positive breast cancer in pre- and post-menopausal 

women. Aromatase inhibitors block the synthesis of estrogens and are alternate treatment to 

tamoxifen in post-menopausal women. There are several other types of endocrine therapy 

(9,16).  

1.3.4 Adjuvant therapy  

Adjuvant therapy refers to any additional treatment, usually given after surgery when all 

detectable disease has been removed when there remains a statistical risk of relapse. 

Radiotherapy and/or systematic therapy (chemotherapy and/or hormonal therapy) are 

commonly given as an adjuvant treatment after surgery for a breast cancer (17,18). 

1.3.5 Neo-adjuvant therapy  

Neo-adjuvant therapy refers to the administration of a therapeutic agent prior to the main 

therapy, which is usually surgery in case of breast cancer. The aim is to reduce the size and 

extent of the cancer so less extensive surgery can be performed, for example breast-

conservation surgery instead of mastectomy (18).  

1.4 Risk factors 

The cause of breast cancer is still undefined, but epidemiological research has found 

association with genetic, biological, environmental and lifestyle risk factors. Estrogens play a 

major role in the causal mechanism of breast cancer. Women with increased amount estrogen 

exposure in reproductive life, that is women with history of early menstruation age, short 
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intervals between menstruations, and later menopause than average (51 years old), are at 

increased risk. The risk of breast cancer is furthermore negatively associated with the number 

of pregnancies and length of breast-feeding, that is periods when estrogen exposure is 

opposed with progesterone exposure. Hormone replacement therapy (HRT) is also a known 

risk factor. Women with family history of breast cancer (first- or second-degree relative) are 

at increased risk and some in this group will have mutation in the BRCA1 and BRCA2 

genes.(19-22).  

Physical activity and healthy life style can lower the risk. Alcohol intake and obesity are 

established risk factors (20). Some studies have indicated that a high fat diet may increase 

risk, while others have not found any evidence for the association between diet and breast 

cancer (22).  

1.5 Screening 

1.5.1 Self-examination 

Cancer organizations worldwide encourage self-examination monthly. Self-examination along 

with screening mammography is the most effective way to detect breast cancer at its early 

stages. A woman who palpates her breast regularly on the seventh to tenth day of her 

menstrual cycle, when the breast tissue is soft and fairly homogeneous, is more likely to 

notice a new lump in her breast (20). 

1.5.2 Mammography 

Mammography is an x-ray examination of breast tissue that obtains high quality images while 

using a very low dose of ionizing radiation. The level of radiation is usually standardized, 

based on national and international guidelines. It is performed with the breast tissue 

compressed to optimize image quality. The screening examination includes two special 

projections on each breast, craniocaudal view and mediolateral oblique view (23).  
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   The National Cancer Institute (NCI) and the American Cancer Society (ACS) recommend 

mammography as the method of choice to screen for nonpalpable, clinically occult breast 

cancer in all women 40 years and older as well as in younger women with certain risk factors 

(23,24). In Sweden the recommendations are similar. The Swedish Cancer Society 

recommends screening mammography for all women at the age 40 to 74 years but there are 

regions in Sweden were the age span has been shortened to 50 years to 69 years by the local 

health government. The recommended interval varies from 18 - 24 months (25). 

In 1987 mammographic screening was launched in Iceland. Almost all examinations are 

performed at the screening center of the Icelandic Cancer Society (ICS) or at their mobile 

mammography unit that is used in the rural areas. A small number of women are examined at 

Akureyri Hospital outside the ICS program. The ICS recommends screening mammography 

biannually for all women aged 40 to 69 years.  The participation rate in the screening program 

has been between 61 - 63% since 1994 (26).  

When a screening examination reveals abnormal findings or when a patient presents with 

symptoms, further imaging is warranted. The woman will undergo triple assessment that is 

diagnostic mammography, breast ultrasonography and clinical breast examination. If cancer is 

still suspected after imaging and/or clinical examination, a fine-needle biopsy is performed 

(26). If the biopsy shows cancer cells the patient is referred to the Landspitali University 

Hospital (LUH) where further treatment is planned. 

In the mid-2008 the screening center of the ICS began to use digital mammography 

(Mammomat Inspiration, Siemens Medical solution, Erlangen, Germany) instead of 

conventional mammography (screen-film mammography) (26). Studies that have compared 

digital mammography with conventional mammography report no difference in breast cancer 

detection rate between digital and conventional mammography in the general population. 
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However, the researchers concluded that women with dense breasts might benefit from having 

a digital rather than conventional mammography (27).  

2 Breast Magnetic Resonance Imaging 

Since January 2007 most women diagnosed with primary breast cancer in Iceland have been 

offered preoperative breast magnetic resonance imaging (breast MRI). As far as we are aware 

it is unique that almost a whole population is offered this examination. At the present, breast 

MRI in Iceland is performed at one center, the Department of Radiology at the Landspitali 

University Hospital (LUH).  

2.1 Indications 

The most common indication for breast MRI at LUH is preoperative staging directly after 

diagnosis. Less common indications are evaluation of the extent of disease after breast 

conserving surgery, assessment of response to chemotherapy and inconclusive findings on 

mammography. Screening of patients with high-risk for hereditary breast cancer is also 

performed.   

2.2  Contraindications 

The most common contraindications for MRI are cardiac pacemaker, implanted 

neurostimulator, implanted hearing prosthesis, some models of brain aneurysm clips, and 

some cardiac prosthetic valves (28). Overweight individuals and those suffering from 

claustrophobia might not be able to undergo the examination. 

2.3 The breast MRI examination 

At LUH breast MRI is performed on a 1.5 T magnet (Magnetom Avanto, Siemens Medical 

solution, Erlangen, Germany) with a dedicated bilateral breast surface coil. The patient is 

examined in prone position that ensures good image quality and limits physiologic motion 

such as breathing that may cause image artifacts. The examination requires administration of 
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a gadolinium contrast agent. Studies have shown that breast MRI examination without 

contrast agent is of limited diagnostic value (29). Exception from the use of gadolinium 

contrast is when the examination is only performed to evaluate suspected leak of breast 

prosthesis.   

The imaging protocol and parameters are the following: First, axial T2-weighted turbo 

spin-echo images (TR; 4000/ TE; 100) of both breasts are obtained. The slice thickness is 3 

mm without any gap. Then axial T1-weighted images of both breasts are acquired before and 

after intravenous contrast injection. A 3D FLASH imaging with a fat-selective inversion for 

fat suppression (TR; 4.19 / TE; 1.22) is performed with a slice thickness of 0.9 mm and 0.18 

mm gap. One T1 serie is performed before contrast injection, and then a bolus injection of 0.1 

mmol/kg (max 15 mL) of gadopentetate dimeglumine (Magnevist, Bayer Schering Pharma 

AG, Berlin, Germany) and a 20 mL saline solution flush is given, followed by five sequential 

T1 contrast-enhanced series. 

The pre-contrast image is then subtracted from the corresponding post-contrast image with 

standard software subtraction function available on the console. The sequence is called 

dynamic because imaging of the same area is repeated multiple times after contrast 

administration. The examination takes approximately 15 minutes.   

2.4 Sensitivity of breast MRI 

The role of breast MRI has been studied and debated since contrast-enhanced breast MRI was 

introduced in 1985. The major concern is the high sensitivity and low specificity (23). 

Breast MRI is used in the preoperative setting for newly diagnosed breast cancer patients 

to define tumor extent and to search for other focuses of malignancy. For this purpose breast 

MRI is highly sensitive (>90%) when compared to mammography (50-60%) (30). Current 
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reports on breast MRI’s sensitivity lie between 89% and 100% for all invasive cancers and 

between 93% and 100% for ILC (31,32).   

Several studies report that breast MRI in women with newly diagnosed breast cancer 

identifies additional, otherwise undetected synchronous tumors in up to 30% of patients (33-

36). New lesions detected with breast MRI are more commonly found in the ipsilateral breast 

than in the contralateral. The detection of an additional lesion varies. Studies have reported 

detection of additional lesions in the ipsilateral breast in 4.2 - 27% of cases (33,36,37) and in 

3.6 – 6.5% of cases in the contralateral breast (34,38,39).  

2.5 Accuracy of breast MRI 

Although breast MRI is highly sensitive it lacks specificity and accuracy. The specificity 

reported for breast cancer is quite variable, ranging from 37 – 100%. False-positive result may 

be caused by benign conditions such as fibroadenoma, fibrocystic disease and atypical ductal 

hyperplasia (23).  

Several studies have pointed out that breast MRI can overestimate tumor size when 

compared to pathology measurements (40,41). Onesti et al. reported that breast MRI 

overestimated mean tumor size in 35.2% of all tumors by an average of 0.63 cm. This 

overestimation was reported primarily for large tumors (>2.0 cm). The author suggested that 

if breast MRI shows a lesion that measures over 2 cm, a correlation of the findings with other 

imaging techniques should be performed (41).  

2.6 Effect on treatment decision 

The detection of additional lesions on breast MRI may influence the type of surgical treatment 

planned based on previous findings on mammography and ultrasound. However, a change in 

treatment plan is usually not based on breast MRI findings alone. If an additional lesion is 

detected it is usually analyzed with further imaging and/or biopsies.  
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Therapy plans have in some studies been revised in up to 44% of patients (42,43) and a 

change in surgical treatment has been reported in 11 – 31% of patients (34,38,44,45). Bilmora 

et al. reported that due to breast MRI the surgical treatment was changed in 36 of 155 breast 

cancer cases (23.2%). Of those, mastectomy was performed in 10 patients (6.5%) who 

originally were candidates for breast conserving surgery (BCS), 21 patients (13.5%) required 

wider excision and 5 patients (4.5 %) underwent additional contralateral surgery (44).  

2.7 Criticism of the breast MRI examination 

The use of preoperative breast MRI in breast cancer remains controversial. Criticism about its 

use in this setting include increased cost, lack of proven clinical benefit and overestimation of 

disease leading to overtreatment (46,47).  

The main argument against preoperative MRI is that the breast MRI overestimates the 

disease, with high rates of false-positive findings and overestimation of tumor size. Blair et al. 

reported that the MRI findings resulted in overestimation of disease extent which resulted in 

unnecessary mastectomy in 8.7% of patients (30). Schelfout reported that 4.4% patients 

underwent unnecessary wider excisions and 1.5% underwent unnecessary biopsies (43). 

The cost-effectiveness of breast MRI and its overall effect on patient survival are still 

unknown. The COMICE trial (Comparative effectiveness of MRI in breast cancer trial) 

(48,49) is the first randomized trial to assess whether preoperative breast MRI in early-stage 

breast cancer can decrease reoperation rates and provide data about quality of life and health 

economic assessments.  The COMICE study is not completed but primary results have not 

indicated any benefit from preoperative breast MRI. The results show that the addition of 

MRI to the conventional triple assessment has no benefit on the reduction of reoperation rate 

(49). The authors also found no differences in health-related quality of life between the groups 

12 months after surgery, and no significant difference in costs. However, the question of 
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recurrence and overall survival is still unanswered and the role of preoperative breast MRI has 

not yet been defined (48,49). 

2.8 Impact on public health 

It is important to map the effect of preoperative breast MRI on treatment decision and 

outcome in women with primary breast cancer. Although the examination has been performed 

routinely in Iceland for almost four years, the effect on the surgical procedures performed  has 

not been evaluated.   

3 Aim 

The aim of this study is to determine the effect of routine breast MRI on surgery for incident 

breast cancer in Iceland. The proportion of additional lesions detected with MRI in the 

ipsilateral and the contralateral breast compared to mammography will be examined. 

Furthermore, it will be evaluated whether the MRI findings resulted in altered surgical 

treatment plan. 
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Introduction 

Breast cancer is the most common cancer among women worldwide and accounts for 23% of 

all cancer combined (1). This also holds true in Iceland with approximately 200 new cases 

diagnosed annually (2,3). 

The role of breast magnetic resonance imaging (MRI) in evaluating breast disease has been 

studied and debated since contrast-enhanced breast MRI was introduced in 1985 (23). Breast 

MRI is used in the preoperative setting to define tumor extent and to search for other foci of 

malignancy in newly diagnosed patients. For this purpose breast MRI is highly sensitive 

(>90%) when compared to mammography (50-60%) (30,31,32).   

Several studies report that breast MRI of women with incident breast cancer identifies 

additional, otherwise undetected synchronous tumors in up to 30% of patients (33-36). 

Additional lesions detected with breast MRI are more commonly found in the ipsilateral 

breast than in the contralateral breast. Studies have reported detection of additional lesions in 

the ipsilateral breast in 4.2 - 27% of cases (33,36,37) and in the contralateral breast in 3.6 – 

6.5% of cases (34,38,39).  

Planning of surgical treatment is based on mammography, ultrasound, clinical examination 

and needle biopsy and detection of an additional lesion with breast MRI may change the plan.  

A revised surgical plan based on the MRI findings has been suggested to be applicable in 11 – 

31% of breast cancer patients (34,38,44,45).  

Since January 1
st
 2007 all women diagnosed in Iceland with incident breast cancer have 

been offered preoperative breast MRI at Landspitali-University Hospital (LUH), which is the 

only radiological facility equipped to perform breast MRI in Iceland. As far as we are aware, 

it is unique that almost whole population is offered this kind of preoperative examination. 
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Women living in the northern part of the country are examined and treated outside screening 

center at the Icelandic Cancer Society (ICS) and LUH. Although the MRI examination is now 

performed routinely it has not been addressed whether the implement of breast MRI has an 

effect on the surgical treatment of incident breast cancer in Iceland. 

The aim of this study is to determine the effect of routine breast MRI on surgery for 

incident breast cancer in Iceland. The proportion of additional lesions detected with MRI in 

the ipsilateral and the contralateral breast compared to mammography will be examined. 

Furthermore, it will be evaluated whether the MRI findings resulted in altered surgical 

treatment plan. 
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Materials and methods 

Study design and selection of cases  

This study represents a case series of breast cancer patients who underwent preoperative 

breast MRI examination in 2007 and 2008 at the LUH. A total of 386 women were diagnosed 

with breast cancer in Iceland during the study period (2). 

All participants met the following initial inclusion criteria: (1) female gender, (2) primary 

breast cancer diagnosis, (3) no history of neoadjuvant chemotherapy before breast MRI, and 

(4) the MRI examination preceded surgery. To identify the eligible cases, all breast MRI 

reports from the study period were reviewed. Of the 386 incident cases, 326 (84.5%) 

underwent breast MRI during the study period. A total of 302 met the initial inclusion criteria 

(Fig. 1). Later in the study after having reviewed mammography, breast MRIs and pathology 

reports, 18 patients were excluded for the following reasons: the mammography or pathology 

report was unavailable, motion artifacts on the breast MRI made analysis impossible, or 

chemotherapy preceded the surgery. Altogether, 284 breast cancer patients remained in the 

study or 73.6% of the total population (N=386) of incident female breast cancer cases during 

the two year study period. 

Study material and data extraction 

The following original reports were analyzed for the remaining 284 patients: mammography 

reports from the screening center at ICS, breast MRI reports from the Department of 

Radiology at LUH, and pathology reports from the Department of Pathology at LUH. The 

information extracted from the reports was tumor location, number of tumors and histology 

type. 
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Evaluation of breast MRI and mammography 

For each patient the results of the mammography and the breast MRI were compared. The 

result of the breast MRI was assumed to have no effect on the surgery if there were no 

additional lesions detected on the breast MRI.  If additional lesions were detected, a breast 

surgeon reviewed the findings. The surgeon answered a questionnaire (Appendix 1) regarding 

whether and what additional examinations were conducted, and whether the examination 

confirmed the results of breast MRI or not. Moreover, the surgeon recorded if and how the 

surgical treatment changed as a result of additional findings on the breast MRI. 

Statistical analysis 

SPSS (Statistical Package for Social Sciences) software version 17.0 was used for analysis. 

Due to the nature of the study, statistical analysis was limited to basic descriptive methods.  

Ethical considerations 

The study was approved by the National Bioethics Committee of Iceland and The Icelandic 

Data Protection Authority.  
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Results 

Demographics 

This case series consists of 284 women, all of whom were diagnosed with incident breast 

cancer during the study period. The mean age at presentation was 59 years (range 29 – 86 

years) (Table 1). 

Surgical treatment 

All patients were treated with surgical resection or biopsy. The majority underwent unilateral 

breast-conserving surgery (BCS) (63%, n=179) or unilateral mastectomy (29.2%, n=83). 

Eighteen patients (6.3%) underwent bilateral breast tissue resection, four had bilateral 

mastectomy (1.4%) and in eight patients bilateral BCS (2.8%) was performed (Table 1).  

Pathological findings 

Benign or negative findings   

No malignancy was found at the histopathological examination in eight patients (2.8%) of 

whom seven were diagnosed with benign lesion. In six of these women with benign tumor, a 

lesion was described both on the breast MRI and the mammography report. The remaining 

one patient had a benign lesion that was not observed on mammography but detected during 

clinical examination and on breast MRI. Six of the patients underwent BCS and one 

underwent bilateral mastectomy.  

In one patient no histopathological abnormality was found. The clinical examination 

showed indentation of the skin overlying the breast and therefore malignancy was suspected 

and patient underwent core biopsy. In this case no lesion was detected on breast MRI or 

mammography.  
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In situ carcinoma 

Twenty patients (7%) had in situ disease, whereof 18 were ductal carcinoma in situ (DCIS), 

and two were lobular carcinoma in situ (LCIS). The disease was confined to one breast in all 

of the twenty patients (Table 2).  

In the patients with LCIS a fibrocystic disease was also described at the histopathological 

examination. In both cases, breast MRI and mammography described ipsilateral lesions, but 

much smaller than reported at the histopathological examination. 

Invasive carcinoma 

A total of 256 patients were diagnosed with invasive carcinoma (90.1%). Of those, 244 

(95.3%) had cancer confined to one breast and 12 (4.7%) had cancer diagnosed in both breasts 

(Table 2). The majority of patients or 201 (78.5%) had ductal type disease, 26 (10.2%) had 

the lobular type and 29 (11.3%) were diagnosed with tubular-, mucinous- or mixed type 

disease.  

Comparison of breast MRI and mammography 

The comparison of findings on breast MRI and mammography are summarized in Fig. 2. 

Additional lesions not observed on mammography but detected on breast MRI were found in 

43 patients (15.1%). In 23 patients (8.1%) an additional lesion was found in the ipsilateral 

breast and in 17 patients (6%) in the contralateral breast. In three patients (1%) the breast MRI 

showed bilateral lesions that were not observed on mammography but these lesions were 

identified with clinical breast examination or ultrasound (a note from the surgeon). Of those, 

one patient was diagnosed with bilateral invasive mixed carcinoma that was identified with 

clinical breast examination. The other two patients were diagnosed with ipsilateral invasive 

ductal carcinoma and contralateral benign lesion both of which were identified with 

ultrasound before the breast MRI.  
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The impact of breast MRI on surgical treatment 

The surgical treatment of 20 patients (7.0%) was changed as a result of the breast MRI. The 

change in surgical treatment is summarized in Table 3. In 12 patients the decision was made 

after re-evaluation with ultrasound and biopsy. In six patients the decision was made after 

repeated ultrasound only and in the remaining two patients the change was based on the breast 

MRI findings alone (Fig. 3). 

Additional lesion in the ipsilateral breast 

The planned surgery was changed for nine (39%, 3.2% of the total) of the 23 patients with 

additional lesion in the ipsilateral breast. Of these, seven underwent mastectomy instead of 

BCS and two had wider BCS.  

In all except one of these cases the additional lesion proved to be malignant.  Six cases 

were diagnosed with ductal cancer and two cases with mixed lobular cancer. One patient was 

diagnosed with lobular cancer but the additional lesion turned out to be benign (false-

positive). 

The mean age at presentation for women in this group was 57 years (range of 41 – 76 

years). 

Additional lesion in the contralateral breast 

The surgical treatment planned was changed for eleven (65%, 3.9% of the total) of the 17 

patients with bilateral lesions on breast MRI but unilateral on mammography. Eight of these 

11 patients were diagnosed with bilateral invasive cancer. Two patients were diagnosed with 

fibroadenoma in the contralateral breast and one patient was diagnosed with papillomatosis.  

In eight patients the surgery was altered from unilateral to bilateral BSC. In one case, a 

lesion diagnosed as benign was excised at the patient´s request. The change in surgical 
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treatment is summarized in Table 3. For the remaining six patients diagnosed with an 

additional lesion in the contralateral breast (2.1%) the additional lesions were interpreted as 

benign and no change in surgical treatment was made. In three of these patients ultrasound 

examination and biopsy were performed. In the other three, no additional investigations were 

performed and the additional lesion was diagnosed as benign on the basis of the MRI findings 

alone. 

The mean age at presentation for women in this group was 63 years (range of 43 – 83 

years).  

Additional procedures due to benign lesions 

Nine of the 43 additional lesions (21%, 3.2% of total) that resulted in further imaging and 

surgical procedures turned out to be benign. These nine lesions lead to repeated ultrasound (n 

= 2), repeated ultrasound and biopsy (n = 3) or surgical resection (n = 4). Therefore, surgical 

procedures, such as wider excision or biopsy, was performed in 2.5% (n = 7) of the women 

due to a benign lesion detected on breast MRI. 
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Discussion 

The present study was performed to determine the effect of presurgical evaluation with 

routine breast MRI on the surgical treatment for incident breast cancer in Iceland. The main 

findings are that additional lesions were found in 15.1% of patients and the surgical procedure 

was altered in almost half of these or 7 % of the cases.  

The proportion of additional lesions found with breast MRI in this study (15.1%) is 

considerably lower than has previously been reported. The detection of an additional lesion 

varies but several studies have reported that breast MRI can detect cancer that is occult to 

mammography in up to 30% of patients (33-36). This discrepancy might be explained by high 

quality of the mammography screening program at the ICS, which was launched in 1987. On 

the contrary, in 2007 and 2008 the LUH had relatively short experience of breast MRI. 

However, the most reasonable explanation might be that breast MRI was offered to almost all 

women diagnosed with breast cancer and therefore performed in an unselected population. 

Tendulkar et al. conducted an unselected cohort study of breast cancer patients diagnosed at a 

single large institution (36). The cohort was composed of incident cases diagnosed either with 

invasive breast cancer or DCIS. An additional lesion was found in 4.2% of the ipsilateral and 

1.5% of the contralateral breast. Those figures are similar to our findings. This center 

routinely conducts breast MRI on virtually all patients who are diagnosed with incident breast 

cancer, as opposed to many other institutions who reserve the breast MRI for patients in 

whom additional disease may be suspected (36).  

The breast MRI resulted in revision of the surgical treatment planned for 7% of the patients 

and that is lower than previously reported (11 – 31%) (34,38,44,45). The reason may be that 

fever additional lesions were found in our study compared to the other centers. This holds true 

when both changes in the ipsilateral and contralateral breast surgery are summarized. 
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However, when only the revision of surgery for the contralateral breast (3.9%) is considered, 

the proportion is comparable to prior studies (3.6 – 6.5%) (34,38,39).  

In this study roughly half of the additional lesions that were detected with breast MRI 

(8.1%) were found in the ipsilateral breast. Some authors argue that undetected small 

additional tumors in the ipsilateral breast need not be of clinical relevance (47). The reason is 

that patients who are treated with BCS generally receive postoperative radiotherapy of the 

whole breast, or if mastectomy is performed the additional lesion is removed anyway. 

However, these arguments are not valid regarding detection of lesions in the contralateral 

breast. An additional lesion was detected in the contralateral breast in 17 patients. Nine of 

these additional lesions were benign and eight were invasive carcinoma.  

Of the twelve patients who were diagnosed with bilateral invasive carcinoma, eight had an 

additional lesion identified on breast MRI and not observed on mammography. Without the 

breast MRI these additional lesions might not have been detected until later and consequently 

a worse prognosis would be expected. These findings do support the use of breast MRI in the 

preoperative setting. However, even if the use of breast MRI was beneficial for this group 

there are other cases in which the benefit may be questionable. As a result of the breast MRI 

unnecessary surgical procedures such as wider excision or biopsies were performed in 2.5% 

of the women, which is a lower proportion than previously reported. In a prospective study of 

204 incident breast cancer patients who underwent preoperative breast MRI, 5.9% of the 

patients underwent unnecessary surgical procedures based on the breast MRI findings (43).  

The breast MRI resulted in further imaging in 8.1% of the patients in the present study and 

in 5.3% of the patients an additional biopsy was performed. These additional procedures can 

delay surgical treatment. Although unlikely to affect the course of the disease, the delayed 

treatment may cause patient anxiety. Anxiety associated with finding an additional lesion on 
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breast MRI, even if it turns out to be benign, can influence the patient decision when the type 

of surgery is selected. For example, in this study one patient requested a wider excision 

despite the benign nature of the additional lesion detected by the breast MRI.   

Study strengths and limitations 

The main strength of this study is that it is population based, comprising 284 histologically 

verified cases in almost a whole nation and a geographically defined area (Iceland). The study 

covers 73.6% of the incident female breast cancer cases during a two-year study period. Only 

a small proportion of Icelandic women in a geographically defined area (Akureyri) are 

examined and treated outside ICS and LUH.  

All of the mammographic examinations in this study were performed and evaluated at a 

single center (ICS). Moreover, all of the breast MRI´s were performed at LUH with an up to 

date MRI scanner and a standardized protocol, evaluated by two radiologists. The surgical 

procedures and histopathological examinations were also performed at a single institution 

(LUH). The histopathology reports were standardized regarding the main characteristics of 

the tumors and constructed for research purposes. 

This study has some limitations. The breast MRI reports were not constructed with the 

view that they would be used for research studies and the reports were not standardized. For 

research purposes the BI-RADS-MRI (Breast Imaging Reporting and Data System Atlas), that 

is a breast MRI lexicon to describe lesion architecture and enhancement characteristics, would 

have been helpful (50).  

The fact that a breast surgeon´s was a part of the study (review of the alterations in the 

surgery) might involve information bias, since some of the patients are well known to him. 

Furthermore, the results of ultrasound and clinical breast examination that are a part of the 

usual triple assessment of breast cancer were not taken into account. For example, it is not 
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known whether some of the additional lesions found on breast MRI had previously been 

observed with ultrasound or clinical breast examination. This is of importance since it has 

been suggested that combined mammography, clinical examination and breast MRI might be 

more sensitive than any other individual test or combination of tests (51). 

Despite these limitations, we feel that this data is an important addition to the existing 

literature as they reflect the daily experience of clinicians treating breast cancer patients in 

Iceland. 
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Conclusion 

The results of this study confirm previous reports that preoperative breast MRI detects 

additional lesions, benign and malignant, in a substantial number of breast cancer patients and 

can alter the surgical treatment in approximately half of these patients. However, routine 

breast MRI resulted in some unnecessary additional imaging and/or biopsies, and in some 

patients more extensive surgery. 
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Fig. 1. Flowchart of the selection process  
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Fig. 2. Comparison of the breast MRI and mammography (N= 284)  
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Fig. 3. Flowchart for work-up of an additional lesion on the breast MRI. 
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Table 1. Characteristics of the women diagnosed with breast cancer 

 

Patients N=284 n  (%) 

 

Age (years)  

Mean age 58.6 (range 29-86)  

<40 10 (3.5) 

40-49 54 (19) 

50-59 92 (32.4) 

60-69 77 (27.1) 

≥ 70 51 (18) 

  

Surgical treatment  

Unilateral resection   

Mastectomy 83 (29.2) 

Breast-conserving surgery 179 (63) 

Biopsy 4 (1.4) 

Bilateral resection   

Bilateral mastectomy 4 (1.4) 

Bilateral breast-conserving surgery 8 (2.8) 

Mastectomy and breast-conserving surgery 3 (1.1) 

Mastectomy and biopsy 1 (0.4) 

Breast-conserving surgery and biopsy 2 (0.7) 
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Table 2.  Histopathologic diagnoses 

 

Patients N=284 n  (%) 

Negative (no tumor detected) 1 (0.35) 

Benign (fibrocystic disease/fibroadenoma) 7 (2.5) 

In situ carcinoma  

Ductal carcinoma in situ 18 (6.3) 

Lobular carcinoma in situ 2 (0.7) 

Invasive unilateral carcinoma  

Ductal carcinoma 195 (68.7) 

Lobular carcinoma 25 (8.8) 

Tubular carcinoma 3 (1.1) 

Mucinous carcinoma 2 (0.7) 

Mixed type 19 (6.7) 

Invasive bilateral carcinoma  

Ductal carcinoma 6 (2.1) 

Lobular carcinoma 1 (0.35) 

Mixed ductal  and mucinous carcinoma 1 (0.35) 

Mixed ductal and lobular carcinoma 3 (1.0) 

Mixed ductal, lobular and tubular 1 (0.35) 
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Table 3. Change in the surgical treatment based on the breast MRI findings 

Patients N = 20 n  (%) 

New lesion in the ipsilateral breast   

Breast-conserving surgery changed to mastectomy 7 (2.5) 

Wider-excision breast-conserving surgery  2 (0.7) 

  

New lesion in the contralateral breast   

Ipsilateral breast-conserving surgery changed to bilateral  breast-conserving surgery*  8 (2.8) 

Ipsilateral mastectomy changed to bilateral mastectomy 1 (0.4) 

Ipsilateral breast-conserving surgery changed to mastectomy and contalateral breast-conserving surgery 1 (0.4) 

Mastectomy with additional contralateral diagnostic biopsy 1 (0.4) 

    

    

*One of the surgeries was done at the patient request.  

 

 

 

 

 



  

41 

References  

(1) Ferlay J, Shin H, Bray F, Forman D, Mathers C, Parkin DM. GLOBOCAN 2008, Cancer 

Incidence and Mortality Worldwide: IARC CancerBase No. 10. 2010; Available at: 

http://globocan.iarc.fr/factsheets/cancers/breast.asp. Accessed 07/15, 2010. 

(2) Engholm G, Ferlay J, Christensen N, Bray F, Gjerstorff ML, Klint Å, et al. NORDCAN: 

Cancer Incidence, Mortality, Prevalence and Prediction in the Nordic Countries, Version 

3.6. Association of the Nordic Cancer Registries. Danish Cancer Society 

(http://www.ancr.nu). 2010; Available at: http://www-

dep.iarc.fr/NORDCAN/ICE/frame.asp. Accessed 06/25, 2010. 

(3) Krabbameinsskrá KÍ. Nýgengi krabbameins 1959-2008, konur. 2010; Available at: 

http://www.krabbameinsskra.is/tables.jsp?id=4&page=t. Accessed 06/25, 2010. 

(4) Bateman AC. Pathology of breast cancer. Women's Health Medicine. 2006 2;3(1):18-21. 

(5) National Cancer Institute. General Information About Breast Cancer. 2010; Available at: 

http://www.cancer.gov/cancertopics/pdq/treatment/breast/Patient/page2. Accessed 07/17, 

2010. 

(6) Greene FL, Page DL, Fleming ID, et al editors. AJCC Cancer Staging Manual. 6th ed. 

Chicago, Illinois: American Joint Committee on Cancer; 2001. 

(7) National Cancer Institute. Stage Information for Breast Cancer. 2010; Available at: 

http://www.cancer.gov/cancertopics/pdq/treatment/breast/HealthProfessional/page3. 

Accessed 07/15, 2010. 

(8) American Cancer Society. Survival rates for breast cancer. 2010; Available at: 

http://www.cancer.org/Cancer/BreastCancer/OverviewGuide/breast-cancer-overview-

survival-rates. Accessed 06/30, 2010. 

(9) Kols A. Breast Cancer: Increasing Incidence, Limited Options. PATH 2002 

http://www.path.org/publications/detail.php?i=452;19(4):1-8. 

(10) National Cancer Institute. SEER Stat Fact Sheets: Breast. 2010; Available at: 

http://seer.cancer.gov/statfacts/html/breast.html#survival. Accessed 07/15, 2010. 

(11) Cancer Research UK. Breast cancer - survival statistics. 2009; Available at: 

http://info.cancerresearchuk.org/cancerstats/types/breast/survival/. Accessed 07/15, 2010. 

(12) Klint Å. Populärvetenskapliga fakta om cancer: Cancer i siffror 2009. 2009; Available at: 

http://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/8348/2009-126-

127_2009126127.pdf. Accessed 11/16, 2010. 

(13) Krabbameinsskrá KÍ. Lifun 1965 - 2004, konur. 2010; Available at: 

http://www.krabbameinsskra.is/tables.jsp?id=12&page=t. Accessed 07/15, 2010. 

(14) Pediconi F, Catalano C, Padula S, Roselli A, Moriconi E, Dominelli V, et al. Contrast-

enhanced magnetic resonance mammography: does it affect surgical decision-making in 

patients with breast cancer? Breast Cancer Res.Treat. 2007 Nov;106(1):65-74. 

http://globocan.iarc.fr/factsheets/cancers/breast.asp
http://www-dep.iarc.fr/NORDCAN/ICE/frame.asp
http://www-dep.iarc.fr/NORDCAN/ICE/frame.asp
http://www.krabbameinsskra.is/tables.jsp?id=4&page=t
http://www.cancer.gov/cancertopics/pdq/treatment/breast/Patient/page2
http://www.cancer.gov/cancertopics/pdq/treatment/breast/HealthProfessional/page3
http://www.cancer.org/Cancer/BreastCancer/OverviewGuide/breast-cancer-overview-survival-rates
http://www.cancer.org/Cancer/BreastCancer/OverviewGuide/breast-cancer-overview-survival-rates
http://www.path.org/publications/detail.php?i=452
http://seer.cancer.gov/statfacts/html/breast.html#survival
http://info.cancerresearchuk.org/cancerstats/types/breast/survival/
http://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/8348/2009-126-127_2009126127.pdf
http://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/8348/2009-126-127_2009126127.pdf
http://www.krabbameinsskra.is/tables.jsp?id=12&page=t


  

42 

(15) National Cancer Institute. Treatment Option Overview. 2010; Available at: 

http://www.cancer.gov/cancertopics/pdq/treatment/breast/Patient/page5. Accessed 07/17, 

2010. 

(16) Harnett A, Smallwood J, Titshall V, Champion A, Guideline Development Group. Early 

and locally advanced breast cancer: diagnosis and treatment 

This guideline updates and replaces NICE technology appraisalguidance 109 (docetaxel), 

108 (paclitaxel) and 107 (trastuzumab). 2009; Available at: 

http://www.nice.org.uk/nicemedia/pdf/CG80FullGuideline.pdf. Accessed 07/15, 2010. 

(17) Eifel P, Axelson JA, Costa J, Crowley J, Curran WJ,Jr, Deshler A, et al. National 

Institutes of Health Consensus Development Conference Statement: adjuvant therapy for 

breast cancer, November 1-3, 2000. J.Natl.Cancer Inst. 2001 Jul 4;93(13):979-989. 

(18) Jacquillat C, Weil M, Baillet F, Borel C, Auclerc G, de Maublanc MA, et al. Results of 

neoadjuvant chemotherapy and radiation therapy in the breast-conserving treatment of 

250 patients with all stages of infiltrative breast cancer. Cancer. 1990 Jul 1;66(1):119-

129. 

(19) Jón Gunnlaugur Jónasson og Laufey Tryggvadóttir. Krabbamein á Íslandi. Reykjavík: 

Krabbameinsfélagið; 2008. 

(20) Khatib OM. Guidelines for the early detection and screening of breast cancer. 2006; 

Available at: http://www.emro.who.int/dsaf/dsa696.pdf. Accessed 06/30, 2010. 

(21) National Institute on Aging. AgePage: Menopause. 2010; Available at: 

http://www.nia.nih.gov/healthinformation/publications/menopause.htm. Accessed 09/20, 

2010. 

(22) McPherson K, Steel CM, Dixon JM. ABC of breast diseases. Breast cancer-

epidemiology, risk factors, and genetics. BMJ.  2000 Sep 9;321(7261):624-628. 

(23) Enriquez L, Listinsky J. Role of MRI in breast cancer management. Cleve.Clin.J.Med. 

2009 Sep;76(9):525-532. 

(24) Qaseem A, Snow V, Sherif K, Aronson M, Weiss KB, Owens DK, et al. Screening 

mammography for women 40 to 49 years of age: a clinical practice guideline from the 

American College of Physicians. Ann.Intern.Med. 2007 Apr 3;146(7):511-515. 

(25) Johansson E. Mammografi - Cancerfonden. 2009; Available at: 

http://www.cancerfonden.se/sv/cancer/Forebygga-och-risker/Mammografi/. Accessed 

11/17, 2010. 

(26) Krabbameinsfélag Íslands. Árskýrsla 2009. 2009; Available at: 

http://www.krabb.is/Assets/Um%20f%C3%A9lagi%C3%B0/%C3%81rssk%C3%BDrslu

r/20090500ArsskyrslaKrabbameinsfelagsins150.pdf. Accessed 06/30, 2010. 

(27) Pisano ED, Gatsonis C, Hendrick E, Yaffe M, Baum JK, Acharyya S, et al. Diagnostic 

performance of digital versus film mammography for breast-cancer screening. 

N.Engl.J.Med. 2005 Oct 27;353(17):1773-1783. 

http://www.cancer.gov/cancertopics/pdq/treatment/breast/Patient/page5
http://www.nice.org.uk/nicemedia/pdf/CG80FullGuideline.pdf
http://www.emro.who.int/dsaf/dsa696.pdf
http://www.nia.nih.gov/healthinformation/publications/menopause.htm
http://www.cancerfonden.se/sv/cancer/Forebygga-och-risker/Mammografi/
http://www.krabb.is/Assets/Um%20f%C3%A9lagi%C3%B0/%C3%81rssk%C3%BDrslur/20090500ArsskyrslaKrabbameinsfelagsins150.pdf
http://www.krabb.is/Assets/Um%20f%C3%A9lagi%C3%B0/%C3%81rssk%C3%BDrslur/20090500ArsskyrslaKrabbameinsfelagsins150.pdf


  

43 

(28) Shellock FG editor. Reference Manual for Magnetic Resonance Safety, Implants and 

Devices 2009th ed. Los Angeles, CA: Biomedical Research Publishing Group; 2009. 

(29) Mann RM, Kuhl CK, Kinkel K, Boetes C. Breast MRI: guidelines from the European 

Society of Breast Imaging. Eur.Radiol. 2008 Jul;18(7):1307-1318. 

(30) Blair S, McElroy M, Middleton MS, Comstock C, Wolfson T, Kamrava M, et al. The 

efficacy of breast MRI in predicting breast conservation therapy. J.Surg.Oncol. 2006 Sep 

1;94(3):220-225. 

(31) Kuhl C. The current status of breast MR imaging. Part I. Choice of technique, image 

interpretation, diagnostic accuracy, and transfer to clinical practice. Radiology. 2007 

Aug;244(2):356-378. 

(32) Mann RM, Hoogeveen YL, Blickman JG, Boetes C. MRI compared to conventional 

diagnostic work-up in the detection and evaluation of invasive lobular carcinoma of the 

breast: a review of existing literature. Breast Cancer Res.Treat. 2008 Jan;107(1):1-14. 

(33) Liberman L, Morris EA, Dershaw DD, Abramson AF, Tan LK. MR imaging of the 

ipsilateral breast in women with percutaneously proven breast cancer. AJR 

Am.J.Roentgenol. 2003 Apr;180(4):901-910. 

(34) Braun M, Polcher M, Schrading S, Zivanovic O, Kowalski T, Flucke U, et al. Influence 

of preoperative MRI on the surgical management of patients with operable breast cancer. 

Breast Cancer Res.Treat. 2008 Sep;111(1):179-187. 

(35) Houssami N, Ciatto S, Macaskill P, Lord SJ, Warren RM, Dixon JM, et al. Accuracy and 

surgical impact of magnetic resonance imaging in breast cancer staging: systematic 

review and meta-analysis in detection of multifocal and multicentric cancer. 

J.Clin.Oncol. 2008 Jul 1;26(19):3248-3258. 

(36) Tendulkar RD, Chellman-Jeffers M, Rybicki LA, Rim A, Kotwal A, Macklis R, et al. 

Preoperative breast magnetic resonance imaging in early breast cancer: implications for 

partial breast irradiation. Cancer. 2009 Apr 15;115(8):1621-1630. 

(37) Schell AM, Rosenkranz K, Lewis PJ. Role of breast MRI in the preoperative evaluation 

of patients with newly diagnosed breast cancer. AJR Am.J.Roentgenol. 2009 

May;192(5):1438-1444. 

(38) Buxant F, Scuotto F, Hottat N, Noel JC, Simon P. Does preoperative magnetic resonance 

imaging modify breast cancer surgery? Acta Chir.Belg. 2007 Jun;107(3):288-291. 

(39) Hollingsworth AB, Stough RG, O'Dell CA, Brekke CE. Breast magnetic resonance 

imaging for preoperative locoregional staging. Am.J.Surg. 2008 Sep;196(3):389-397. 

(40) 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 

imaging? Am.J.Surg. 2009 Oct;198(4):500-504. 

(41) Onesti JK, Mangus BE, Helmer SD, Osland JS. Breast cancer tumor size: correlation 

between magnetic resonance imaging and pathology measurements. Am.J.Surg. 2008 

Dec;196(6):844-48; discussion 849-50. 



  

44 

(42) Mameri CS, Kemp C, Goldman SM, Sobral LA, Ajzen S. Impact of breast MRI on 

surgical treatment, axillary approach, and systemic therapy for breast cancer. Breast J. 

2008 May-Jun;14(3):236-244. 

(43) Schelfout K, Van Goethem M, Kersschot E, Colpaert C, Schelfhout AM, Leyman P, et 

al. Contrast-enhanced MR imaging of breast lesions and effect on treatment. 

Eur.J.Surg.Oncol. 2004 Jun;30(5):501-507. 

(44) Bilimoria KY, Cambic A, Hansen NM, Bethke KP. Evaluating the impact of 

preoperative breast magnetic resonance imaging on the surgical management of newly 

diagnosed breast cancers. Arch.Surg. 2007 May;142(5):441-5; discussion 445-7. 

(45) Chung A, Saouaf R, Scharre K, Phillips E. The impact of MRI on the treatment of DCIS. 

Am.Surg. 2005 Sep;71(9):705-710. 

(46) Grobmyer SR, Mortellaro VE, Marshall J, Higgs GM, Hochwald SN, Mendenhall NP, et 

al. Is there a role for routine use of MRI in selection of patients for breast-conserving 

cancer therapy? J.Am.Coll.Surg. 2008 May;206(5):1045-50; discussion 1050-2. 

(47) Morrow M. Magnetic resonance imaging in the preoperative evaluation of breast cancer: 

primum non nocere. J.Am.Coll.Surg. 2004 Feb;198(2):240-241. 

(48) Turnbull L, Brown S, Harvey I, Olivier C, Drew P, Napp V, et al. Comparative 

effectiveness of MRI in breast cancer (COMICE) trial: a randomised controlled trial. 

Lancet. 2010 Feb 13;375(9714):563-571. 

(49) Turnbull LW, Brown SR, Olivier C, Harvey I, Brown J, Drew P, et al. Multicentre 

randomised controlled trial examining the cost-effectiveness of contrast-enhanced high 

field magnetic resonance imaging in women with primary breast cancer scheduled for 

wide local excision (COMICE). Health Technol. Assess. 2010 Jan;14(1):1-182. 

(50) Erguvan-Dogan B, Whitman GJ, Kushwaha AC, Phelps MJ, Dempsey PJ. BI-RADS-

MRI: a primer. AJR Am.J.Roentgenol. 2006 Aug;187(2):W152-60. 

(51) Berg WA, Gutierrez L, NessAiver MS, Carter WB, Bhargavan M, Lewis RS, et al. 

Diagnostic accuracy of mammography, clinical examination, US, and MR imaging in 

preoperative assessment of breast cancer. Radiology. 2004 Dec;233(3):830-849. 

 

 



  

45 

 

Kennitala sjúklings er: xxxxxx-xxx      Case númer: xx 

Mammography, fjölda breytinga lýst í svari: xx 

MRI, fjölda breytinga lýst í svari: xx 

Viðbótarrannsókn eftir MRI:              Já:__________  Nei:___________ 

Ef já, hvaða: US:_____    Mammography:_____   Biopsy:_____   Annað:______ 

Staðfesti sú rannsókn niðurstöður MRI:   Já:________   Nei:__________ 

Breyttust meðferðarplön vegna MRI:  Já:______   Nei:__________ 

 Ef já, hvernig:_________________________________________________________ 

  _____________________________________________________________________ 

Athugasemdir:____________________________________________________________ 

_________________________________________________________________________ 
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