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CONTRAST-ENHANCED MAGNETIC RESONANCE
IMAGING OF THE BREAST

INGRID S. GRIBBESTAD, GUNNAR NILSEN, HANS FIgsNE, REIDUN FOUGNER, OLAV A. HAUGEN,
STEFFEN B. PETERSEN, PETER A. RINCK and STENER KVINNSLAND

Contrast-enhanced magnetic resonace imaging (MRI) of 28 patients with known breast tumors was
compared with clinical findings and histopathology, and for 12 of the patients also with mammography.
The dynamic measurements performed in 18 patients showed that signal intensity in gradient echo
(FFE) images increased rapidly in malignant tumors after contrast injection and reached a plateau level
at 1-3 min postcontrast. Fibroadenomas showed slower contrast enhancement continuing throughout
the whole examination period of 10 min. The most enhancing parts of the tumors were selected for
intensity measurements. The differentiation between malignant and benign tumors in dynamic contrast-
enhanced MRI was in accordance with the histopathological findings in all cases. The tumor diameter
as measured by MRI showed very good agreement with the size of the tumor specimens. Comparison
of tumor size measurements in mammography and MRI showed that MRI had the most accurate
correlation to the measured size of the tumor specimens.

Several imaging techniques are available for early detec-
tion of breast carcinomas. Mammography remains the
most effective modality for diagnosis of breast cancer,
while magnetic resonance imaging (MRI) is evaluated in
order to provide more information in diagnostically
difficult cases. After the first MRI studies of the breast
were published (1-6), important progress has been made,
using T,-weighted sequences combined with the use of
gadopentetate dimeglumine and similar compounds in or-
der to establish MRI as a diagnostic method for breast
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pathology (7-14), in particular to increase sensitivity and
specificity. Studies using single pre- and postcontrast series
have shown that all malignancies enhance significantly
after intravenous injection of gadopentetate dimeglumine.
Absence of enhancement very reliably excludes malignancy
(11, 12). Dynamic examinations using gradient echo se-
quences following contrast enhancement at short-time
intervals after injection were proven to yield the most
specific information about breast lesions (9, 13). A
recent study has shown high sensitivity and specificity in
the detection of breast carcinomas, using dynamic
measurements (13). Benign lesions also enhance in signal
intensity, but with a slower rate than malignant tumors
(9, 13).

The purpose of the present study was to evaluate
contrast enhancement in MR images after intravenous
injection of gadopentetate dimeglumine according to in-
crease in signal intensity (SI) as well as the pattern and rate
of enhancement, and to compare the results to clinical
findings, receptor analysis, mammography, and histo-
pathology.
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Material and Methods

Twenty-eight female patients with clinically known
breast lesions underwent MRI before surgery. The selec-
tion was made among patients with palpable tumor size
> 1 cm. All of them were referred to breast surgery at our
hospital. Only the clinical localization of the tumor was
known to the MRI examiners.

The patients were examined using a Philips Gyroscan S15
unit operating at 1.5 T. Single breast receiver coils with a
diameter of 16, 12 or 8 cm were used, depending on the size
of the breast. The circular coil was chosen in order to
surround the breast as closely as possible without compress-
ing it. The patients were placed in prone position. The pulse
sequences used were either spin echo (SE) sequences or a
gradient echo sequence ( FFE) (15). The examination proto-
col consisted of a SE sequence (TR 235/TE 20, 3 transversal
sections) to determine the position of the breast in the coil.
Sagittal SE images ( TR 450-550/TE 20) of the entire breast
were obtained with a slice thickness of 7-8 mm to establish
location of pathology. One slice in the pathological area
was imagined again using the FFE sequence (TR 100/TE
15/flip angle 80°) before and after intravenous contrast
injection. This last sequence was a dynamic study consisting
of 25 images with a time interval of 30 s. Patient Nos. 1-9
were examined using the sagittal SE sequence before and
after contrast injection.

Before the patient was positioned in the magnet a saline
drop infusion was started. Gadopentetate dimeglumine
(Magnevist, Schering AG, Berlin, Germany, 0.1 mmol/kg
body weight) was injected after the first 5 images in
dynamic sequence without moving the patient. The con-
trast injection time was 15-20s, and was immediately
followed by an injection of 10ml physiological saline
solution. Immediately after injection of gadopentetate
dimeglumine, 20 images of the same slice in 30 s intervals
were made using exactly the same imaging parameters as
before the injection. Change of signal intensity in the
region of interest was calculated in each postcontrast im-
age and compared to the precontrast value. The automatic
scaling of signal intensity was switched off during the
dynamic measurements. The increase in signal intensity
after the i.v. administration of gadopentetate dimeglumine
was calcualted as the percentage increase compared with
the signal intensity before the contrast injection, under
similar technical conditions (13):

% increase in SI =
(ST postcontrast/SI precontrast x 100%) — 100%

The signal intensity of the different tissues was measured
as an average value within a user defined region of interest
(ROI). The ROI was drawn manually in the processed
image, and the value was calculated from the drawn area
and the slice thickness. Careful selection of the ROI was
necessary, in order to select the pixels with the highest

contrast enhancement. The value of SI precontrast was
calculated as an average of signal intensity measured in 5
images.

A description of the tumor localization and the tumor
outline was done independently by the same two radiolo-
gists (G.N. and P.A.R.). The tumor outline and pattern of
signal enhancement were correlated to the histopathologi-
cal findings. The largest diameter of the tumor was mea-
sured in the postcontrast sagittal images in two directions.
The size in the third direction was estimated from the
number of slices where the tumor was seen, the slice
thickness and the slice gap. The tumor size was compared
to the clinically and mammographically determined tumor
size, and to the size measured in the tumor specimens.

The estrogen and progesterone receptor levels of the
breast tumors were measured using a monoclonal enzyme
immunoassay (ABBOTT ER or PgR-EIA Monoclonal).
Specimens with values <10 pmol ER or PgR/g protein
were considered as negative.

All mammographic examinations were made with a
Mamex DC Mag (Soredex/Orion). Three views (oblique,
frontal, lateral) were routinely performed. If necessary,
additional or magnification views were obtained. The final
reading of the mammograms was done by one radiologist
(R.F.), having access only to the clinical history of the
patients.

Results
Dynamic measurements by MRI

The patient data are listed in Table 1. Dynamic contrast-
enhanced MRI was successfully performed in 18 out of 19
patients. One patient did not manage to complete the
examination due to generally deteriorated physical condi-
tion, and was therefore excluded from this part of the
study.

In the precontrast, T1-weighted SE and FFE images, the
tumors had low signal intensity. The tumors could often
easily be detected when surrounded by fatty tissue (Fig. 1).
In dense breasts, the contrast between the tumor and the
parenchyma was poor, and the tumor was best seen after
injection of contrast medium (Figs 2 and 3). The contrast
enhancement appeared higher in the postcontrast FFE
images than in the postcontrast SE images (Fig. 3).

All carcinomas enhanced significantly. A signal increase
of more than 83% (average: 120% 4 22%) as compared to
the precontrast value was seen within 60 s after injection of
gadopentetate dimeglumine (Table 2). The maximum in-
crease in signal intensity was reached within 1-3 min for
12 of the 15 carcinomas. These 12 tumors showed a slow
decrease in signal intensity within 8 min compared to the
maximum level (Table 2), in the range of 5-25%. The
remaining three carcinomas had a corresponding increase
in signal intensity during the same period. Measurements
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Table 1

Results of tumor size measurements, receptor analysis and histopathology for 28 patients. The stage grouping is according 1o pathological
classification (pTNM ).

Patient Tumor size (mm) Receptor analysis  Histopathology
No. Age T pT Mammography  MRI ER PgR pN(x/y) Gl1-3 Diagnosis  Stage
() (T)
1 76 20 x 25 30* — 35x20 1231 2188 0/11 -— lobular T2NO
carcinoma
2 74 20 x 32 12 25 20x% 16 - — 0/2 - lobular TINO
carcinoma
3 90 32 30* diffuse 25 % 1S 1 1 6/6 3 ductal T2N!I
carcinoma,
mucinous
4 65 70 x 110 =50* — 80 x 50 758 I 8/8 3 ductal T3NI
carcinoma
S 73 50 40* -- 30 x 25 10 1 4/8 3 ductal T2N1
carcinoma
6 74 35 19* — 20 x 20 15 | 0/4 2 ductal TINO
carcinoma
7 08 40 25 — 20x 15 1 1 0/10 3 ductal T2NO
carcinoma
8 64 23 x 21 15 — I5x15 514 197 0/10 2 ductal TINO
carcinoma
9 31 55 30 40 30 x 25 — — 0/14 3 ductal T2NO
carcinoma
10 64 43 x 38 30 x 40 — 3 x 22 3 <1 0/8 3 ductal T2NO
carcinoma
11 54 55 x 55 35 40 30 x 25 6 <1 2/8 2 ductal T2NI1
carcinoma
12 70 25 20 20 22 x 23 417 333 0/9 2 ductal TINO
carcinoma,
mucinous
13 S1 50 45* 40 40 x 30 188 172 1/8 3 ductal T2NI
carcinoma
14 46 70 x 90 50* 50 x 30 58 x 22 61 29 11/11 3 ductal T2NI
carcinoma
15 84 50 30 x 15* - 22 x 25 219 101 - 2 ductal T2NO
carcinoma,
mucinous
16 71 40 15 23 1S x 15 565 154 1/11 2 ductal TINI
carcinoma
17 37 25 x 30 15* 80 19 x 25 134 4 0/10 I cxtensive, TINO
intraductal
carcinoma
and ductal
carcinoma
18 76 25 20* — 17 x 18 64 16 —~ fibroadenoma
19 76 44 x 40 40* 40 45 x 40 13 <1 0/3 — extensive, T,
intraductal
carcinoma
20 53 40 40 x 20* - 20x 17 13 44 0/6 3 ductal T2NO
carcinoma
21 75 40 x 35 30* 35 25 x 21 429 168 2 ductal T2NO
carcinoma
22 40 20 21 — 19 x 20 22 146 — - fibroadenoma
23 44 32 25 23 x 2] 5 0/11 — medullary ~ T2NO
carcinoma
24 45 25 15 — 19 x 14 51 54 0/5 2 ductal TINO
carcinoma
25 57 24 13 15 x 25 18 x 14 161 83 0/8 2 ductal TINO
carcinoma
26 59 65 x 70 50 53 x40 62 14 12/12 3 ductal T2NI1
carcinoma
27 25 22 20 20 x 19 9 97 fibroadenoma —
28 67 30 23+ - 30 x 24 201 1396 0/13 2 ductal T2NO
carcinoma

* Tumor size measured at surgery.
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Fig. 1. FFE images of a 46-year-old patient (pat. 14) with a
58 x 22 mm ductal carcinoma in the right breast. a) precontrast,
b) 1 min postcontrast, c¢) 8 min postcontrast, d) marking of 3

regions of interest (1 =tumor tissue, 2 =glandular tissue,
3 =fatty tissue), and ¢) increase in SI over a period of 10 min
postcontrast in these 3 regions.
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Fig. 2. FFE images of a 51-year-old patient (pat. 13) with a 40 x 30 mm ductal carcinoma in the right breast. Anatomical details are well
differentiated. as the chest wall, the pectoralis muscle and different tissues in the breast. The resolution of these images is
0.9 x 0.9 x 7.0 mm. a) precontrast, b) 1 min postcontrast, ¢) 8 min postcontrast. d) marking of 3 regions of interest (1 = tumor tissuc,
2 = glandular tissue. 3 = fatty tissue), €) increase in SI over a period of 10 min postcontrast in these 3 regions, and f) mammogram, lateral
view. showing a large lesion without microcalcifications.
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Fig. 3. FFE images of a 25-year-old patient (pat. 27) with a
20 x 19 mm fibroadenoma in the right breast. a) precontrast, b)
| min postcontrast, ¢) 8 min postcontrast, d) 3 regions of interest
(1 =tumor tissue, 2 =fauty tissue, 3 = glandular tissue). e) in-
crease in SI over a period of 10 min postcontrast in the 3 regions

of interest, {) Tl-weighted SE image of the same slice, precontrast.
and g) postcontrast.
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Table 2

Increase of signal intensity 1, 2 and 8 min after injection of gadopentetate dimeglumine in 18 breast
tumors, and correlation of MRI diagnosis 1o histopathological findings

Patient Y% increase in SI (SD) Diagnosis

No. Age 1 min 2 min 8 min MRI Histopathology

10 64 139 (15) 164 (15) 111 (19) malignant ductal carcinoma

11 54 83 (9) 125 (5) 114 (7) malignant ductal carcinoma

12 70 105 (8) 186 (15) 191 (6) malignant ductal carcinoma,
mucinous

13 51 134 (8) 162 (9) 150 (8) malignant ductal carcinoma

14 46 99 (8) 91 (7) 77 (7 malignant ductal carcinoma

15 84 96 (8) 86 (7) 80 (9) malignant ductal carcinoma

16 71 148 (14) 147 (15) 132 (15) malignant ductal carcinoma

17 37 111 (18) 132 (17) 113 (17) malignant extensive, intraductal
carcinoma and
ductal carcinoma

18 76 14 (13) 36 (14) 77 (12) benign fibroadenoma

19 76 156 (17) 169 (19) 178 (19) malignant extensive, intraductal
carcinoma

20 53 127 (10) 143 (11) 127 (16) malignant ductal carcinoma

22 40 22.(12) 28 (13) 51 (12) benign fibroadenoma

23 44 137 (195) 160 (20) 135 (15) malignant medullary carcinoma

24 45 137 (10) 145 (10) 123 (8) malignant ductal carcinoma

25 57 118 (11) 100 (10) 92 (9) malignant ductal carcinoma

26 59 119 (18) 110 (16) 101 (15) malignant ductal carcinoma

27 25 38 (5) 62 (6) 111 (6) benign fibroadenoma

28 67 86 (10) 100 (9) 106 (10) malignant ductal carcinoma

showed little or no increase in signal intensity in surround-
ing fat or glandular tissue.

In the fibroadenomas, an increase of no more than 40%
(average: 25% + 10%) in signal intensity was seen 60 s
postcontrast (Table 2). The increase in signal intensity
continued throughout the whole period (Fig. 3). The signal
intensity reached the same level as the malignant tumors
within the measurement period of 10 min.

The tumor shape was grouped in rounded or irregular
shape, and the signal pattern as homogeneous or inhomo-
geneous. Two of the fibroadenomas appeared as rounded
while the fibroadenoma of a 76-year-old woman (pat. [8)
had irregular outline. Ductal carcinomas had either
rounded or irregular outline. The extensive, intraductal
and the mucinous ductal carcinomas had irregular outline.

All ductal carcinomas had inhomogeneous signal pat-
tern 2 min postcontrast. The two patients with extensive,
intraductal carcinomas, as well as the medullary one and
the two mucinous ductal carcinomas had homogeneous
enhancement. Two of the three fibroadenomas showed
inhomogeneous enhancement, while the third one was
homogeneous. A ductal carcinoma with inhomogeneous
signal enhancement (pat. 20) is shown in Fig. 4. The
increase in signal intensity 60 s postcontrast varied from
37% to 127% in 10 different regions of the tumor. Out of
10 user-defined ROls, 5 areas showed enhancement curves
with an average increase in signal intensity of 100% + 14%
after 60 s. The other 5 ROls showed an average increase in

signal intensity of 49% + 11% at the same time postcon-
trast, and the increase continued throughout the whole
examination period. The difference between the highest
and the lowest value 8 min after contrast injection was
only 34%.

Comparison of diagnostic methods — correlation to tumor
characteristics

The diagnosis made from the dynamic contrast-en-
hanced MRI results was based on an increase in signal
intensity 60 s postcontrast using FFE sequences, and de-
velopment of the contrast enhancement curve throughout
the examination period. Increase in signal intensity of
more than 70% within this time was interpreted as a
suspected malignant tumor. The diagnosis benign tumor
was used when the enhancement was less than 70% and the
increase in signal intensity continued throughout the whole
period. The MRI results based on these criteria correlated
to the histopathological findings in all patients.

In patients 1 -9 and patient 21, only pre- and postcon-
trast SE images were made of the tumors. Without any
dynamic MRI sequence performed, diagnostic criteria
could not be assessed for these tumors. The histopatholog-
ical findings showed that all of them were malignant
tumors.

The results of estrogen and progesterone receptor analy-
sis in 28 patients are listed in Table 1. There were 6
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a)

Fig. 4. FFE images of a S53-year-old patient (pat. 20) with a
20 x 17 mm ductal carcinoma in the left breast a) precontrast, b)
2 min postcontrast, with 3 defined ROIs within the tumor, and c)
contrast enhancement curves for the 3 ROIs.

patients with ER < 10 pmol/g protein and 10 with
PgR < 10 pmol/g protein. No correlation was found when
comparing the receptor values and the MRI results.

The histopathological results are listed in Table 1. Even
though this study showed no correlation between the
increase in signal intensity postcontrast and the histologi-
cal type of carcinoma, grading of the tumor, or lymph
node metastasis, the number of patients is too small for
any final conclusion.

Twelve patients underwent mammography at our hospi-
tal, and these results were included in the study. Mammog-
raphy was not performed in 11 patients due to obvious
clinical signs of malignancy. Five patients were mammo-
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graphically evaluated at other institutions and the mam-
mograms therefore not included. Tumor sizes measured in
the mammograms are listed in Table 1. All tumors were
classified as malignant in the final evaluation of the mam-
mograms, in accordance with the histopathological find-
ings for all the patients. One tumor (pat. 13) was difficult
to interpret at the first evaluation. The mammogram from
this patient is shown in Fig. 2.

The tumor size was measured in the MR images of 28
patients (Table 1). The accuracy in the two diameters
measured in the sagittal image was within +2 mm. The
largest diameter of each tumor found by MRI was com-
pared to the largest diameter found by palpation. In one
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case the diameter found by MRI was larger, in 18% of the
cases the results matched, and in 79% the measured size in
the images was smaller. The maximum deviation was
found in a tumor with a palpable size of 40 mm, while the
size measured by MRI was {5 mm. The patholgoical size
of this tumor was 15mm. The largest diameter of the
tumor measured in the MR images was compared to the
pathologically determined tumor diameter in 12 patients
(Table 1). The results matched within +5 mm, except for
patient 2. In this patient, the measured diameter by MRI
was 20 mm compared to 12 mm by histopathology. MRI
results from the remaining 16 patients were compared to
the tumor size determined at surgery (Table 1). In 10
patients the results matched within +5 mm, in 3 patients
the MRI size was 7-10 mm larger and in 2 patients the
MRI size was 9-10 mm smaller. A large deviation was
found in one patient (pat. 20), with the measured diameter
by MRI being 20 mm compared to 40 mm at surgery. The
tumor size measured by mammography and MRI was
compared to pathological measurements for 6 patients
(Table 1). The MRI results were equal to the pathologi-
cally determined tumor size in 5 of the cases, within
+ 5 mm. the mammography results were within +5 mm in
2 cases, and 8-12mm larger in 4 cases. Tumor sizes
measured at surgery were compared to results obtained by
mammography and MRI for 6 patients (Table 1). The
MRI results matched within +5mm in 4 cases, and were
8-10 mm larger in another 2 cases. The mammography
results matched within +5 mm in 4 cases. In one case, the
tumor appeared as a diffuse lesion impossible to measure.
In the latter case, surgery showed a 15 mm and mammog-
raphy a 80 mm tumor diameter (MRI 25 mm).

Discussion

All patients were examined in prone position with a
circular surface coil surrounding the pending breast, allow-
ing the breast to fall freely into the coil and a good
anatomical delineation to be obtained. The examination
time was 30-50 min. A few of the patients complained
about discomfort or became claustrophobic in the magnet.

Hardware or software restrictions of our MR imager
restricted the acquisition of dynamic images to only one
slice. The selection of this slice is difficult, since the lesion
must be identified in the precontrast images which have
poor tissue contrast between tumor and parenchyma.
Screening of the whole breast yields a poor time resolu-
tion, losing the important information from the first min-
utes after contrast injection. Technical improvements
allowing measurements of more slices with the same time
resolution will be of pivotal importance.

The same position of the ROI was kept for all images of
a given dynamic sequence. Movement of the breast will
yield a different content of tissue in the measured area. In
such a case, the ROI should be determined in each image.

The variation of the enhancement curve of glandular tissue
in Fig. 1 is probably due to such movement of the breast.

Particular care must be taken when drawing the ROI, to
ensure that the most enhancing part of the lesion is
selected. Half of the results from 10 ROIs measured in the
same tumor (Fig. 4) could be interpreted as enhancement
curves typical for benign lesions, like the fibroadenomas in
our study. A tumor containing areas of necrosis and/or
fibrosis will have an inhomogeneous signal intensity with
various pattern of signal increase in the different parts of
the tumor. A method for selecting the most enhancing part
of the tumor using the actual pixel values in the image
would improve the diagnostic value of dynamic measure-
ments.

Since the dynamic measurements have a time resolution
of 30 s, the contrast agent must be injected quickly. If the
speed of the injection varies, the images will be made with
different time intervals from the contrast injection, result-
ing in incorrect comparisons between the patients.

The contrast enhancement appeared higher in postcon-
trast FFE images compared to postcontrast SE images
(Fig. 3). The signal intensity of fatty tissue in SE images
was twice the intensity of the contrast-enhanced tumor,
while the signal intensity of the enhanced tumor and fatty
tissue was similar in the FFE images, making contrast
enhancement less conspicuous in SE than in FFE images.
Time resolution and conspicuous contrast enhancement
are the main advantages of FFE sequences.

Compared to the precontrast value, all the malignant
tumors enhanced more than 83% within 60 s after contrast
injection. In our study, the increase in signal intensity
2min postcontrast was 135% 1+ 30% compared to
120% + 22% found by Kaiser (13), and 122% + 31%
compared to 110% + 31% after 8 min. The difference
in contrast enhancement could depend on a lower num-
ber of patients in our study, and slightly different
imaging parameters. The maximum increase in signal in-
tensity was reached within 1-3min for the malignant
tumors, with three exceptions. One extensive intraductal
carcinoma, one ductal carcinoma grade 2 and one
mucinous ductal carcinoma grade 2 showed a plateau
level or a slight increase throughout the remaining part
of the examination period. A more detailed analysis of
the enhancement curves will be the subject of a future
project.

The three fibroadenomas included in our study en-
hanced less than the malignant tumors during the first
postcontrast minutes, but reached the same level within an
examination period of 10 min. Compared to the results
published by Kaiser (13), the increase in signal intensity
60 s postcontrast was less in our study. Two of our
fibroadenomas (pat. 18 and pat. 22) contained a large
amount of fibrous tissue, while the fibroadenoma with the
highest increase in signal intensity 60 s postcontrast was of
juvenile type (pat. 27).
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The differentiation between malignant and benign le-
sions based on dynamic MRI measurements was in agree-
ment with the histopathological findings in all cases.
Larger studies are needed to evaluate the sensitivy and
specificity of this method in characterization of small
tumors and mammographically difficult cases. Higher de-
gree of vascularization has been proposed as the explana-
tion of the much faster contrast enhancement in malignant
tumors (10, 13). The question of whether malignant tu-
mors have different amount and differentiation of capillary
vessels are now evaluated by histopathological studies and
correlated to increase in signal intensity. Other physiologi-
cal parameters, like the osmotic pressure of the tumor and
the content of albumin, will probably also influence the
contrast enhancement.

All ductal carcinomas had an inhomogeneous signal
appearance 2 min postcontrast, while the mucinous and
medullary carcinomas had a homogeneous signal appear-
ance. These results on relatively large tumors indicate that
the signal pattern might give some information on the
histological type of tumor. No clear differentiation be-
tween tumor types could be found when comparing tumor
outline in the MR images. A larger number of examina-
tions is needed in order to evaluate the significance of these
results.

The tumor size and the exact localization of the tumor
provide important information in planning for surgery,
especially in order to evaluate the possibilities for breast
conserving surgery. In many cases estimation of tumor size
by palpation is difficult. Comparison of the largest tumor
size measured by palpation and MRI, showed larger values
for the clinically determined tumor size in most cases.
There was a good correlation between the tumor size
measured in the MR images and the size determined by
pathology. 11 out of 12 results matched within +5 mm. In
the one case with a larger deviation (8 mm), only SE
images were made of the tumor. These results indicate that
MRI is a good method for measurement of the tumor size
and for describing the delineation of the tumor. A multi-
slice FFE postcontrast sequence should give an even more
exact measure of tumor size.

The number of scientific reports on the use of MRI for
breast cancer diagnostics are increasing (16-24). However,
the clinical significance of MRI for breast tumor character-
ization and lesion detection remains to be seen.
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