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Technical Note

Relaxation Times of Breast Tissue at 1.5T and 3T

Measured Using IDEAL

Rebecca Rakow-Penner, MS, Bruce Daniel, MD, Huanzhou Yu, MS,
Anne Sawyer-Glover, BS, RT, and Gary H. Glover, PhD*

Purpose: To accurately measure T1 and T2 of breast fi-
broglandular tissue and fat at 1.5T and 3T, and note the
partial volume effects of the admixture of fibroglandular
tissue and fat on the relaxation rates using an approach
termed iterative decomposition of water and fat with echo
asymmetry and least squares estimation (IDEAL) imaging.

Materials and Methods: T1 and T2 values were measured
on the right breasts of five healthy women at 1.5T and 3T.
T1 data were collected using two sequences: inversion re-
covery without IDEAL, and inversion recovery with IDEAL.
T2 data were collected using Hahn Echo scans. SNR and
CNR analyses were conducted on collected data.

Results: T1 increased for both fat (21%) and glandular
tissue (17%) from 1.5T to 3T. Thus, the TR and TI of breast
protocols at 3T should be lengthened accordingly. SNR
more than doubled for both tissue types from 1.5T to 3T.
IDEAL imaging demonstrated the partial volume effects of
fat and glandular tissue on measuring relaxation rates of
independent tissue types.

Conclusion: With separated fat and water images, more
precise measurements can be made for the lipid component
in fat, and the water component in fibroglandular tissue.
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THE HIGHER SENSITIVITY of magnetic resonance im-
aging (MRI) compared to x-ray mammography has led
to growing clinical interest in the use of contrast-en-
hanced MRI of breast tissue, especially for women at
high risk for breast cancer (1). Dynamic breast MRI
depends on the sensitivity and specificity of the imaging
protocol used, specifically the temporal and spatial res-
olution (2-4). With an increased signal-to-noise ratio
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(SNR), the resultant higher spatial resolution and faster
acquisition times may improve sensitivity and specific-
ity for morphologic and dynamic breast MRI tech-
niques. Doubling the field strength, such as imaging at
3T vs. 1.5T, approximately doubles the SNR, albeit at
an increase in T1 (5). Imaging at 3T thus holds valuable
potential for refining diagnostic breast MRI.

In transitioning breast imaging protocols from 1.5T to
3T, the scan parameters should be adapted to optimize
contrast and SNR at the increased field strength. Gen-
erally, higher field strength increases the longitudinal
relaxation time (T1) and slightly decreases the trans-
verse relaxation time (T2) of breast tissues (6). In defin-
ing a scan protocol for a tissue of interest, the relaxation
time (TR) should increase as T1 increases; otherwise,
magnetization saturation effects will diminish the SNR
gain (7,8). Thus the TR should be adjusted according to
the T1 for the tissue of interest. Breast tissue is primar-
ily composed of glandular tissue and lipids. To the best
of our knowledge, there are currently no published val-
ues for T1 and T2 of breast glandular tissue and fat at
3T. However, subcutaneous fat has been measured (9)
and provides a guiding value for breast fat T1 and T2
relaxation times.

Relaxation times for breast tissue have been mea-
sured at field strengths of =1.5T (10-14). The pub-
lished values often contradict one another, possibly be-
cause of inconsistent methods, differences in
equipment, and varying admixtures of fat and water in
breast tissue. The relaxation rates of other human tis-
sues, such as musculoskeletal tissue (15), abdominal
and pelvic tissue (9), and brain (16), have been mea-
sured at 3T. These studies indicated that the SNR and
T1 of the respective measured tissues increased from
1.5T to 3T. They also noted a minimal change of T2 with
increasing field strength.

In the present study we measured the T1 and T2
values of breast fibroglandular tissue and fat at 1.5T
and 3T, and performed a contrast-to-noise ratio (CNR)
analysis of breast imaging. Importantly, this study
notes the partial volume effects of the admixture of fat
and glandular tissue in breasts when the independent
relaxation rates of the respective tissues are measured.
These partial volume effects result from the biological
water component in fat, and the lipid component in
glandular tissue, as well as breast architecture. To
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eliminate these effects we used an approach termed
iterative decomposition of water and fat with echo
asymmetry and least squares estimation (IDEAL)
(17,18), which provides separated fat and water images
on which to base the T1 and T2 measurements. IDEAL
uses three measurements with different TEs to sepa-
rate fat and water. It is robust to BO inhomogeneities,
since a map of the field strength is calculated as part of
the reconstruction (18).

MATERIALS AND METHODS

Five healthy women, ranging in age between 24 and 51
years (mean age = 36.4 years, standard deviation
(SD) = 12.6), participated in this study after they gave
informed consent according to a protocol approved by
the local IRB. The study consisted of three scan se-
quences performed on the right breast of each volunteer
at 1.5T and 3T (Echospeed whole-body magnet; GE
Healthcare, Waukesha, WI, USA): 1) T1 data collection
using fast spin-echo inversion recovery (FSE-IR) for
combined fat and water images, 2) T2 data collection
using Hahn echo acquisition, and 3) T1 data collection
using FSE-IR IDEAL for separated fat and water im-
ages. The FSE-IR IDEAL technique provides a com-
bined image as well. However, the IDEAL combined
image results in a lower SNR than its separated fat and
water images, and thus was not used for any calcula-
tions. The SNR of the combined image is diminished
because of correlation between the fat and water images
(20). A non-IDEAL FSE-IR was used to measure a com-
bined fat and water image. Note that there is some bias
toward the IDEAL separated images with regard to SNR
because the reconstructions are an outcome of three
excitations, whereas the non-IDEAL image is an out-
come of one excitation. The FSE-IR and Hahn se-
quences are commercially available. The FSE-IR IDEAL
sequence is an in-house-developed sequence. This
technique was preferred for T1 measurements over
other, faster techniques because of its robustness and
dependability. Since the volunteers were all healthy
and no contrast was injected, time was not a limiting
factor. If one wanted to perform T1 measurements on
patients or a large population, a faster but potentially
less reliable technique might be preferable.

Four-channel receive-only breast coils (Invivo/MRI
Devices Corp., Waukesha, WI, USA) were used to ac-
quire the data. Each volunteer was scanned at both
field strengths no more than 2 days apart to control for
menstrual cycle variations in the breast tissue within
(but not among) individuals.

FSE-IR Scans

The FSE-IR protocol for T1 measurements consisted
of four scans with variable TIs of 3000, 800, 300, and
150 msec, and the following parameters: TE = 18.5
msec, TR = 4000 msec, echo train length = 8, band-
width = 15.63 kHz, FOV = 20 mm X 20 mm, slice
thickness = 5 mm, slice direction = sagittal, NEX =
1, resolution = 256 X 128. An adiabatic inversion
pulse was used in the vendor-supplied pulse se-
quence. Only four TIs were collected, due to time
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Figure 1. The white dots represent sample fat ROIs, and the
black dots represent sample glandular-tissue ROIs on an
IDEAL combined image.

constraints. To calculate T1, we assumed monoexpo-
nential decay. The following equation was solved for
T1, given the measurements M; corresponding to the
four TI;s:

M, = My[1 — 2(1 + g)exp(—TIL/T1)], (1)

where M, is the equilibrium magnetization level, and ¢
is an error term that accounts for imperfect magnetiza-
tion inversion by the 180° pulse (¢ was nominally close
to zero, but no matter how small it was it remained in
the calculation). The equation was solved using the
Nelder-Mead simplex method as implemented by MAT-
LAB (Natick, MA, USA). When the T1 for fat was calcu-
lated, the received signal, M, resulted from an average
of three regions of interest (ROIs) drawn in the fat region
for each TI value per volunteer (see Fig. 1). The size of
the ROIs varied because they were drawn to maximize a
region of homogeneous tissue type. After each volun-
teer’s T1 value in fat was solved for, the final value
resulted from averaging T1 values across all volunteers
for a given field strength. The same method was used to
calculate the T1 of glandular tissue. The order of aver-
aging the signals and then estimating the parameters
per volunteer vs. estimating the parameters per volun-
teer and then averaging the parameters did not produce
significantly different results.

T2 scans

The protocol for the T2 scans consisted of two Hahn
echo scans with two TEs (TE1 and TE2) of 20 and 100
msec, respectively, and the following scan parameters:
TR = 2000 msec, bandwidth of 15.63, FOV = 20 mm,
slice thickness = 5 mm, slice direction = sagittal,
NEX = 1, resolution = 256 X 128. Assuming a mono-
exponential T2 decay, the transverse magnetization M;
for TE; is given by:

M; = Mo(exp(—TE/T2)), (2)
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Figure 2. IDEAL images at 1.5T with a
TI of 3000 msec: (a) combined fat and
water, (b) fat, and (¢) water. Note that the
water component of the fatty tissue is
visible in slice c.

where M, is a constant. T2 and M, can be solved with
the two known measurements M;(TE;). We measured M
for fat and glandular tissue by placing three ROIs in the
fat and glandular-tissue regions, respectively, of the
reconstructed image. The fat and water ROIs were av-
eraged independently per volunteer. As in the T1 calcu-
lation, the overall T2 values for each fat and water ROI
resulted from an average across volunteers per field
strength.

IDEAL

The parameters of the IDEAL sequence remained the
same as for the non-IDEAL FSE-IR protocol. The IDEAL
technique produces three sets of images: combined fat
and water, separated water, and separated fat (18) (see
Fig. 2). Because of the above-mentioned SNR disadvan-
tage, we did not use the IDEAL combined image. For the
separated images, ROIs outside of the fat regions in the
fat images, and outside glandular-tissue regions in the
water images were not measured because it proved dif-
ficult to draw an ROI of fat in water and vice versa
consistently across volunteers. Thus, only three ROIs
were drawn in each separated image in the specified
tissue type. As in the non-IDEAL analysis, the size of
the ROIs depended on a maximized area of the homo-
geneous tissue of interest. The ROIs drawn in the
IDEAL and non-IDEAL analyses differed slightly be-
cause the acquisitions differed, although the ROIs in
both acquisitions were approximately in the same po-
sition and of the same size. The calculation process
followed the previous approach of solving T1 for each
volunteer in the separated fat and water images, and
then averaging over all the volunteers.
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SNR and CNR calculations were performed on the
FSE-IR T1 data. The signal was taken to be the average
M, values (fully relaxed magnetization) in the two tissue
types for each subject at each field. The noise was mea-
sured with an ROI placed in the M, image corner, with
care taken to avoid ghosting artifacts. No correction
was made for the Rician distribution of the magnitude
images. CNR measurements were obtained between fat
and water using three specified ROIs (fat, glandular
tissue, and noise) placed in FSE-IR images at each of
the four TIs.

RESULTS

Increasing field strength led to an increase in T1 values
for both fat and water (refer to Table 1). The SD analysis
was performed between subjects. IDEAL imaging pro-
vided lower values for T1 in fat, and higher values for T1
in water at both 1.5T and 3T. Significant differences
between T1 values were examined with t-tests for fat
non-IDEAL and IDEAL at 1.5T, water non-IDEAL and
IDEAL at 1.5T, fat non-IDEAL and IDEAL at 3T, and
water non-IDEAL and IDEAL at 3T (Table 1). These
significant P-values demonstrate a trend in the impact
of the admixture of fat and water in both fatty and
fibroglandular tissue. Note that the SDs for the IDEAL
technique are smaller than those for the non-IDEAL
approach. This may partially result from the bias of the
3 NEX IDEAL vs. the 1 NEX non-IDEAL.

T2 values (refer to Table 2) did not demonstrate a
significant difference between field strengths of either
tissue. Also, T2 values did not significantly differ be-
tween tissue types at either field strength. Since these

Table 1
T1 Relaxation Times at 1.5T and 3Tt
1.5T 3T
Breast
tissue T1 (average + SD, SNR T1 (average * SD, SNR
msec) (average) msec) (average)
FSE-IR non-IDEAL Fat 372.04 £ 8.6 97 449.27 *+ 26.09** 203
Glandular 1135.98 = 151.37 67 1324.42 + 167.63** 138
FSE-IR with IDEAL Fat 296.01 = 12.94* 118 366.78 = 7.75** 274
Glandular 1266.18 = 81.8* 96 1444.83 = 92.7** 202

1The standard deviation listed is for the deviation between T1 values.

*P = 0.05 between non-IDEAL vs. IDEAL with the same field strength.
**P =< 0.05 between 1.5T and 3T of the same tissue type and scan parameters.
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Table 2
T2 Relaxation Times at 1.5T and 3T*
. 1.5T 3T
Breast tissue
T2 (msec) SD T2 (msec) SD
Fat 53.33 2.11 52.96 1.54
Glandular 57.51 10.15 54.36 9.35

*There was no significant difference between T2 values due to tissue
types or field strength.

results showed little difference, IDEAL results were not
measured.

The ratio of the fat/water CNR values at 3T and 1.5T
without IDEAL was 2.18. The CNR ratio between 3T and
1.5T with IDEAL was 3.15.

DISCUSSION

The results indicate that with increasing field strength,
from 1.5T to 3T the T1s of fat and fibroglandular tissue
increased by 21% and 17%, respectively, using the non-
IDEAL technique. With IDEAL imaging the T1s of fat
and fibroglandular tissue increased by 23% and 14%,
respectively. The parameters used for scanning at 3T
must be optimized accordingly. In particular, TR and TI
values should be lengthened at 3T. According to Edel-
stein et al (19), the TR for saturation recovery imaging,
and the TI for inversion recovery imaging should be set
approximately equal to the T1 of the tissue of interest at
a given field strength.

Our novel approach for measuring T1 of fat and
glandular tissues from IDEAL separated images pro-
vides greater precision in T1 measurements by reduc-
ing partial volume effects. For measurements of the
lipid component of fat or the water component of
glandular tissue, optimizing scan protocols based on
values obtained from IDEAL T1 images will provide
more exact results. When the combined IDEAL image
results (Fig. 2a) are compared with the IDEAL image
results in which fat and water are separated (Fig. 2b
and c), the fat T1 values across field strengths drop
notably. This is because breast fat has both water
and lipid components. The values measured in the
IDEAL separated fat image provide only the T1 values
of the lipid component. Thus, to accurately measure
the T1 of the lipid component in breast tissue, IDEAL
separation is recommended. On the other hand, T1ls
of fibroglandular tissue in the IDEAL water separated
images are significantly higher than in the combined
measurements, indicating the value of separating the
water and lipid components when examining the wa-
ter content in breast tissue.

T2, as measured with a spin-echo sequence, does not
significantly vary between 1.5T and 3T (it varies less
than 5 msec), nor does it vary significantly between fat
and glandular tissue. Thus the TE does not require
modification.

A SNR analysis demonstrated the predictable linear
upward relationship between SNR and field strength.
CNR calculations confirmed that T1 tissue contrast
improves with increasing field strength. This en-
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hancement more than compensates for any loss in
saturation recovery due to higher magnetic fields.
This paper focused on the SNR and CNR of fat and
glandular tissue without contrast agents. For diag-
nostic purposes, measuring these ratios with con-
trast agents would be useful and may be done in
future studies.

The results of this study can serve as a guideline for
adjusting breast protocols for 3T imaging, and spe-
cifically indicate that the TR must be lengthened pro-
portionally to the T1 of the breast tissue of interest.
Our study had the following limitations: 1) a small
sample size was used, 2) data were collected from
healthy volunteers vs. cancer patients, and 3) men-
strual variations were controlled for within but not
among the volunteers. The results from our limited
sample group provide general protocol guidelines for
glandular and fat tissue. A larger sample group may
provide more statistically accurate results. Because
of the length of the scans and the repetition of acqui-
sitions at two field strengths, data were collected on
healthy volunteers rather than cancer patients. T1
data on lesions are useful and may be included in
future studies. Our study controlled for menstrual
variations within volunteers by scanning them at
both field strengths within a short span of time. Con-
trolling for menstrual variations among volunteers
would have required greater flexibility of magnet
time, and inconvenienced the volunteers.

In conclusion, T1 measurements in the breast with
IDEAL imaging provide more precise values for fat and
glandular tissue, and reduce patient-to-patient vari-
ability in the values measured. The TRs and TIs of
breast protocols at 3T must be lengthened from the
values used at 1.5T to account for the increase in T1 of
breast tissue.
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