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Evaluation of optimized magnetic resonance perfusion imaging
scanning time window after contrast agent injection for
differentiating benign and malignant breast lesions
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Abstract. The aim of the study was evaluate the 3.0 T magnetic
resonance (MR) perfusion imaging scanning time window
following contrast injection for differentiating benign and
malignant breast lesions and to determine the optimum scan-
ning time window for increased scanner usage efficiency and
reduced diagnostic adverse risk factors. A total of 52 women
with breast abnormalities were selected for conventional MR
imaging and T1 dynamic-enhanced imaging. Quantitative
parameters [volume transfer constant (K,,,,), rate constant
(K.,) and extravascular extracellular volume fraction (V,)]
were calculated at phases 10, 20, 30, 40 and 50, which repre-
sented time windows at 5, 10, 15, 20 and 25 min, respectively,
following injection of contrast agent. The association of the
parameters at different phases with benign and malignant
tumor diagnosis was analyzed. MR perfusion imaging was
verified as an effective modality in the diagnosis of breast
malignancies and the best scanning time window was identi-
fied: i) Values of K,,,;and K., at all phases were statistically
significant in differentiating benign and malignant tumors
(P<0.05), while the value of V, had statistical significance only
at stage 10, but not at any other stages (P>0.05); ii) values of V,
in benign tumors increased with phase number, but achieved
no obvious changes at different phases in malignant tumors;
iii) the optimum scanning time window of breast perfusion
imaging with 3.0 T MR was between phases 10 and 30 (i.e.,
between 5 and 15 min after contrast agent injection). The
variation trend of V, values at different phases may serve as a
diagnostic reference for differentiating benign and malignant
breast abnormalities. The most efficient scanning time window
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was indicated to be 5 min after contrast injection, based on the
observation that the V, value only had statistical significance
in diagnosis at stage 10. However, the optimal scanning time
window is from 5 to 15 min following the injection of contrast
agent, since that the variation trend of V, is able to serve as a
diagnostic reference.

Introduction

Breast cancer is one of the most common malignant tumors
endangering the health of women. Molybdenum-target
mammography is the main screening method for breast
cancer; however, the sensitivity of this method is only reported
to be 69-90%, and the sensitivity in dense breast is decreased
further to 48% (1,2). As magnetic resonance imaging (MRI)
is widely adopted in clinical use, dynamic contrast enhance-
ment MRI (DCE-MRI) has been applied for monitoring tumor
angiogenesis and hemodynamic changes in order to provide
valuable information for the diagnosis of lesions and the
selection of treatment options. The meta-analysis conducted
by Peters et al (3), to evaluate the diagnostic efficacy of MRI
for breast cancer, showed that the sensitivity and specificity
were 90 and 72%, respectively. Numerous studies have been
performed to evaluate magnetic resonance perfusion imaging
in breast lesion diagnosis in recent years, but few studies have
evaluated the optimized scanning window following contrast
agent injection (4-6).

Although MRI is recognized as a safer diagnostic modality
compared with X-ray-based methods, certain biological effects
such as perfusion and metabolism, and physical effects such as
heating and motion may have compound adverse effects on
diagnostic results (7,8). The determination of the optimum
scanning window following contrast injection is of particular
interest, as it should improve breast perfusion scanning effi-
ciency and reduce adverse imaging effects, on the premise of
utilizing the best quality images.

Therefore, the present study evaluated the image quality
and diagnostic specificity of magnetic resonance perfusion
images from different scanning windows following contrast
injection and identified the most efficient and effective scan-
ning window for breast lesions.
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Materials and methods

Patients. The study population comprised 52 female patients
undergoing breast MRI dynamic enhanced scanning after they
were found to have breast lumps using ultrasound examination
and molybdenum target X-ray mammography. The ages of
the patients ranged from 23 to 68 years. Patients included in
this study had no MRI contraindications, had not received any
chemotherapy and did not show renal insufficiency problems.
Informed consent was obtained for all patients prior to exami-
nation. All patients with lesions were confirmed by pathology,
including 36 cases of malignant disease (69.2%): 32 cases of
infiltrating ductal carcinoma, 2 cases of intraductal carcinoma,
1 case of inflammatory breast cancer, 1 case of lipid-rich inva-
sive carcinoma; and 16 cases of benign tumors (30.8%): 7 cases
of fibroadenoma, 6 cases of mammary gland hyperplasia,
1 case of intraductal papilloma, 1 case of borderline phyllodes
tumor and 1 case of lipoma. This research was approved by the
local ethics committee of Qianfoshan Hospital (Jinan, China),
and all patients provided written informed consent.

Instruments and imaging methods. A Siemens Magnetom
Skyra 3.0 T MRI scanner (Siemens AG, Munich, Germany)
with a dedicated bilateral eight-channel phased array breast
coil was used. Patients were scanned in prone position with
bilateral breasts naturally hanging in the coil. Following
regular transverse, sagittal and coronary positioning with a
localizer sequence, a dual flip-angle (3 and 16°) T1-weighted
sequence was applied [repetition time (TR)/echo time (TE),
7.84 msec/7.84 msec; field of view (FOV), 340 mm; matrix,
224x224; slice thickness, 1.5 mm; slice distance, 0.3 mm;
one excitation). For dynamic contrast-enhanced T1 perfu-
sion imaging, a series of single flip angle (10°) T1-weighted
sequences were applied (TR/TE 5.61 msec/1.74 msec; FOV,
340 mm; matrix, 224x224; slice thickness, 1.5 mm; slice
distance, 0.3 mm; one excitation for each phase acquisition;
single phase scanning time, 30 sec; total scanning time,
26 min). Patients were injected with 20 ml intravenous high
contrast agent gadobenate dimeglumine (Bracco Imaging
S.p.A.,Milan, Italy) after the second single phase scan, followed
by 20 ml saline water injection at a flow rate of 5 ml/sec. Fifty
continuous phase images were collected thereafter.

Image processing and evaluation. All data were trans-
ferred to a SYGNO VE40A workstation (Siemens AG) for
post-processing using TISSUE 4D software. Arterial input
functions (AIFs) at different times were acquired in obvious
mammary gland artery or thoracic artery, selected manu-
ally in the images at phases of 10 (5 min after injection of
contrast agents), 20 (10 min), 30 (15 min), 40 (min) 20 and
50 (25 min). Certain regions of interest (ROI), displayed by
pseudo-color maps, were selected to measure the change of
the following quantitative parameters in different pathology
periods: i) Volume transfer constant (K,,,,), describing the
diffusion rate of the contrast agent from intravascular space
to extravascular space; ii) the rate constant (K,,), referring to
the diffusion rate of the contrast agent from intracellular space
to intravascular space; iii) extravascular extracellular volume
fraction (V,), indicating the ratio of the contrast agent perme-
ated from extracellular space outside the vascular volume to
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Figure 1. Indicator changes for benign breast lesions. K, volume transfer

constant; K, rate constant; V., extravascular extracellular volume fraction.
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Figure 2. Indicator changes for malignant breast lesions. K,,,;, volume
transfer constant; K, rate constant; V_, extravascular extracellular volume
fraction.
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the volume of the ROI. The criteria of ROI selection were
regions without necrotic tissue, hollow space, calcification and
blood vessels. Quantitative parameters for pathological identi-
fication were averaged over three consecutive slices containing
the largest cross section of the selected abnormal lump zone.

Statistical analysis. SPSS software (version 17.0; SPSS, Inc.,
Chicago, IL, USA) was used for the study. Data are presented
in the form of the mean + standard deviation. Quantitative
comparisons between benign and malignant tumor groups,
and between various phases, were achieved using the t-test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Quantitative comparisons between benign and malignant tumor.
As shown in Tables I and II, the K., and K., values at all phases
had statistical significance in the differentiation of benign and
malignant tumors (P<0.05). For V, values, no statistical signifi-
cance was observed in the differentiation of benign and malignant
tumors at all phases, with the exception of phase 10. However,
V., values increased as the scanning delay time was prolonged
in benign lesions, while they exhibited no significant changes at
different scanning phases in malignant lesions. Detailed variation
tendencies are shown in Figs. 1 and 2. Moreover, typical images
differentiating benign and malignant breast lesions are presented
in Figs. 3 and 4, respectively.
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Table I. Indicator values in benign and malignant lesions (mean + standard deviation).
Phase
Lesions Indicators 10 20 30 40 50
Benign Kians 0.242+0.182 0.136+0.088 0.100+£0.062 0.088+0.050 0.083+0.048
Kep 0.685+0.548 0.291+0.185 0.182+0.086 0.182+0.141 0.142+0.053
vV, 0.445+0.211 0.565+0.196 0.598+0.172 0.621+0.149 0.661+0.130
Malignant Kans 1.333+0.401 0.967+0.361 0.885+0.378 0.848+0.314 0.896+0.366
K., 2.420+0.723 1.742+0.552 1.546+0.559 1.514+0.662 1.625+0.861
V, 0.584+0.147 0.581+0.137 0.601+0.150 0.606+0.169 0.590+0.182

Kians» volume transfer constant; K.,

rate constant; V., extravascular extracellular volume fraction.

Table II. Statistical significance of the three indicator values
acquired at all phases in the differentiation of benign and ma-
lignant tumors (P-value).

Phase
Indicators 10 20 30 40 50
Kians <0.001 <0.001 <0.001 <0.001 <0.001
K, <0.001 <0.001 <0.001 <0.001 <0.001
V. 0.015 0.768 0.950 0.776 0.201

e

K, .ans» Volume transfer constant; K
extracellular volume fraction.

«p» Tate constant; V,, extravascular

Analysis of optimal scan window. Table III lists the statistical
significance of differences of the three quantitative parameter
values between different scan phases. For K, and K, values,
differences between the values at phases 30 and 50 as well as
those between phases 30 and 40 were not statistically signifi-
cant in the malignant tumor group (P>0.05). In the benign
tumor group, changes in K,,,,;and K., values between phase 40
and phase 50 were not statistically significant (P>0.05). Differ-
ences of V, value between various phases in the malignant
group were not found to be statistically significant (P>0.05).
Differences of V, value between phases 30 and 40 in the benign
tumor group were also not statistically significant (P>0.05).
The K- K., and V, value analysis confirmed that the optimal
scanning time period was between phase 10 and phase 30 after
contrast agent injection.

Discussion

DCE-MRI is capable of detecting changes of the microvas-
cular structures in tissue, and is particularly useful for the
targeted imaging of tumor angiogenesis. Though the analysis
of this imaging modality is rather simple, the three parameters
Kirans» Kep and 'V, are able to evaluate the contrast agent diffu-
sion dynamics and hemodynamics in tissues accurately and
improve the diagnostic efficacy for breast cancer patients (9).
They are effective indicators of the physiological state based
on dual-compartmental pharmacokinetic model analysis, and

therefore are widely adopted in tumor imaging study (10). El
Khouli er al (11) and some other studies suggest that K,,,,, and
K., values are statistically significant in the diagnosis of benign
and malignant breast tumors (12,13). Li er al (14) showed that
the K., value was distinctly higher in malignant breast lesions
than in benign breast lesions. Amarnath et al (15) concluded
that K, used in breast DCE-MRI is a reliable quantitative
parameter for identifying benign and malignant lesions. In
another study, Li et al (16) demonstrated that K, and K,
values were reduced in benign breast lesions compared with
maliganancies. The present study shows similar results, indi-
cating that the K,,,,; and K., values of malignant mammary
gland lesions were significantly higher than those of benign
lesions, and that the difference was statistically significant.

The prostate quantitative parameter analysis conducted by
Ocak et al (17) showed that the K, and K, values of tumor
tissue are markedly higher than those in the normal periph-
eral zone, while V, values indicated no significant difference
between the two lesions. The diagnostic efficacy of changes
in V, values in benign and malignant tumors remains debat-
able. The study by Koo et al (10) indicated that the values of
V. would decrease as malignant breast tumor progresses to a
higher stage. The present study shows that V, values have no
significant difference between benign and malignant lesions
which is consistent with the study by Ocak ef al (17). The
authors of the present study attempted to observe the trend
in changes by analyzing DCE images at multi-phases, and to
explore the significance of the trend in the identification of
lesions. The multiple phase analysis showed the that V, value
increased in benign lesions as the scan phase increased, while
it exhibited no obvious changes in malignant tissue. The slope
of V, value change may be a valuable diagnosis surrogate
in the differentiation of benign and malignant lesions. Our
hypothesis for the interpretation of this phenomenon is that
the endothelial structure is more mature in benign lesions than
in malignant lesions; therefore, the filling of contrast agent into
the interstitial structure changes with time in benign lesions,
but remains steady in malignant lesions.

Few studies have been conducted for exploration of the
optimized scanning time window of breast DCE-MRI, due to
the large variety of scanning equipment, contrast agents and
injection speed. In the present study, the scanning time window,
was increased and the indicative parameters at multiple scan
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Table III. Statistical significance of differences between the three indicator values acquired at any two phases (P-value).

Kirans Kep Ve
Phases Benign Malignant Benign Malignant Benign Malignant
10 vs. 20 0.009 <0.001 0.003 <0.001 <0.001 0.801
10 vs. 30 0.005 <0.001 0.004 <0.001 <0.001 0.222
10 vs. 40 0.003 <0.001 0.002 <0.001 0.001 0.154
10 vs. 50 0.003 <0.001 0.002 <0.001 <0.001 0.753
20 vs. 30 0.002 <0.001 0.017 0.001 0.044 0.035
20 vs. 40 0.002 0.005 0.020 0.004 0.098 0.064
20 vs. 50 0.002 0213 0.003 0.281 0.008 0.553
30 vs. 40 0.016 0.376 0.995 0.724 0415 0.630
30 vs. 50 0.020 0.847 0.005 0.535 0.022 0.352
40 vs. 50 0.145 0.074 0.172 0.042 0.041 0.076

K volume transfer constant; K,

«p» Tate constant; V,, extravascular extracellular volume fraction.
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Figure 3. DCE images of a 23-year-old female with left breast fibro-adenoma. (A) Early phase DCE image: A late stage circular uniform region with enhanced
signal is shown deeply under the left breast. (B) DCE pseudo-color map image: The lump region shows elevated diffusion pseudo-color yellow and red. Volume
transfer constant, 0.210 min™; rate constant, 0.297 min™'; extravascular extracellular volume fraction, 0.771; integrated area under the curve, 8.254. DCE,
dynamic contrast enhancement.
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Figure 4. DCE images of a 56-year-old female patient with infiltrating ductal carcinoma in the right breast. (A) Early phase DCE image: Early abnormal
region with enhanced signal is shown, (B) DCE pseudo-color map: Lump area shows low diffusion pseudo-color of blue and yellow. Volume transfer constant,
0.866 min’'; rate constant, 1.428 min'; extravascular extracellular volume fraction, 0.624; integrated area under the curve, 19.215. DCE, dynamic contrast
enhancement.
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phases were analyzed, and a conclusion regarding the opti-
mized scanning window following contrast injection was
reached. The results demonstrated that the optimized scanning
window is between phase 10 and phase 30, namely between
5 and 15 min after contrast injection, and the single scan time
is 30 sec. In order to reduce scan time and achieve higher
equipment usage efficiency, the best practice is scanning for
5 min following the contrast injection. In order to achieve
better diagnostic specificity, the semi-quantitative indicator,
time-intensity curve and the V, value change trend should be
considered by scanning another 15 min after contrast injection.

In conclusion, this study shows that K,,,,; and K., values
achieved from 3.0 T DCE-MRI have statistically significant
value in the identification of benign and malignant breast
lesions, and that the trend in V, value changes can also be
used as a supplemental reference for specifying benign and
malignant breast lesions. The optimized scanning window
following contrast agent injection was determined based on
the above analysis. Considering the great variety of scanning
equipment, contrast agents and injection speeds, and the
widely spaced time data points analyzed in this study, a large
cohort of patients, more precise time data point analysis and
more imaging sequence parameter comparison are required
to provide stronger theoretical support for optimized breast
DCE-MRI scanning time in further research.
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