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Abstract
Objectives To evaluate the influence of scan duration on
pharmacokinetic parameters and their performance in
differentiating benign from malignant breast lesions.
Methods Dynamic breast imaging was performed on a
3.0-T MR system using a prototype CAIPIRINHA-Dixon-
TWISTVIBE (CDT-VIBE) sequence with a temporal resolu-
tion of 11.9 s. Enrolled in the study were 53 women with
55 lesions (26 benign and 29 malignant). Pharmacokinetic
parameters (Ktrans, ve, kep and iAUC) were calculated for
various scan durations from 1 to 7 min after injection of
contrast medium using the Tofts model.
Results Ktrans, kep and ve calculated from the 1-min dataset
were significantly different from those calculated from the
other datasets. In benign lesions, Ktrans, kep and ve were
significantly different only between 1 min and 2 min
(corrected P>0.05), but in malignant lesions there were
significant differences for any of the comparisons up to 6
min vs. 7 min (corrected P>0.05). There were no significant
differences in AUCs for any of the parameters (P>0.05).
Conclusions In breast dynamic contrast-enhanced MRI the
scan duration has a significant impact on pharmacokinetic
parameters, but the diagnostic ability may not be significantly
affected. A scan duration of 5 min after injection of contrast
medium may be sufficient for calculation of Tofts model
pharmacokinetic parameters.

Key Points
• Scan duration of DCE-MRI breast imaging has a significant
impact on pharmacokinetic parameters

• A scan duration of less than 2 min results in spurious param-
eter estimates

• The initial 2 min are important for both benign and malig-
nant lesions

• In malignant lesions the impact extends to 4 – 6 min
• The differentiation ability of parameters may not be affected
by scan duration

Keywords Breast neoplasm .Magnetic resonance imaging .

Dynamic . Pharmacokinetics . Contrast medium

Introduction

The hypervascularity and increased permeability of malignant
breast lesions are believed to contribute to a fast wash-in and
delayed wash-out pattern in dynamic contrast-enhanced stud-
ies, while benign lesions usually show a slow/medium wash-
in and persistent enhancement in the delayed phase [1, 2]. The
underlying information in the signal intensity changes can be
explored by dynamic contrast-enhanced magnetic resonance
imaging (DCE-MRI) and used for the differentiation between
benign and malignant breast lesions.

Typically, there are three methods available for the analysis
of signal intensity changes: qualitative, semiquantitative and
quantitative methods. Compared with the first two methods,
quantitative analysis is more objective and accurate because it
provides pharmacokinetic parameters that directly reflect the
physiological properties of tissue, including vessel permeabil-
ity, perfusion and the volume of the extravascular/extracellular
space (EES). It has been shown that quantitative analysis can
potentially improve the accuracy of breast lesion diagnosis
[3–6] and is valuable in monitoring responses to neoadjuvant
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chemotherapy [7–9]. However, the quantitative method has
not been adopted as part of routine breast MRI because of
several limitations, a major one being the difficulty in
obtaining high temporal and spatial resolution using conven-
tional sequences.

Recently, the CAIPIRINHA-Dixon-TWIST volume-
interpolated breath-hold examination (CDT-VIBE) technique
with a high spatial and temporal resolution has been evaluated
with promising results in liver imaging [10], and this tech-
nique might be able to improve the temporal resolution of
breast DCE-MRI with preserved spatial resolution. In this
study, according to the recommendations of the American
College of Radiology practice guidelines for the performance
of breast DCE-MRI [11] regarding spatial resolution, CDT-
VIBE was configured with a temporal resolution of 11.9 s and
an isotropic spatial resolution of 1 mm.

With such a temporal resolution, whether the scan duration
can be reduced to further reduce motion artefacts and to
improve patient comfort is still unclear. In this study, a CDT-
VIBE DCE-MRI was performed in patients with pathologi-
cally confirmed benign and malignant breast lesions. The aim
was to determine a feasible scan duration by evaluating the
influence of scan time on pharmacokinetic parameters and
performance in diagnosing breast lesions.

Materials and methods

Patients

This study was approved by our institutional review board and
all patients gave written consent to the examination. From 19
August 2013 to 20 December 2013, 61 consecutive patients
were referred for breast MRI because of suspicious findings on
ultrasonography or mammography (36 patients), for presurgery
evaluation (18 patients) and for short-interval (3–6 months)
follow-up (7 patients). Of these 61 patients, 8 were excluded
because of small lesion size (maximum diameter <1 cm) that
might compromise the accuracy of quantitative analysis (5
patients), no positive findings (2 patients) and poor patient
cooperation (1 patient). Thus 53 patients (median age 44 years,
range 25 – 83 years; all women) with 55 lesions were included.

Magnetic resonance imaging

All examinations were performed on a 3.0-T MR system
(MAGNETOM Skyra; Siemens Healthcare, Erlangen,
Germany) with a four-channel phased-array breast coil.
Patients were examined in the prone position. Breast com-
pression was not applied.

Dynamic imaging was performed with a prototype CDT-
VIBE sequence. The protocol consisted of 1 min 9 s for T1
mapping and 8 min 20 s for DCE imaging (40 phases

in total). A method involving two flip angles (2° and
14°) was used for T1 mapping. The same field of view
( 320 × 320 × 154 mm) and s p a t i a l r e s o l u t i o n
(1×1×1 mm) were used for the transverse T1 mapping
and DCE imaging protocol.

The basic principle of CAIPIRINHA has been described in
detail previously [2, 3]. In this study, a CAIPIRINHA 2×2 – 1
sampling strategy was applied with 50 % slice oversampling.
The values of the TWIST view-sharing parameters A and B
were both selected as 20 % with forward sharing strategy,
resulting in a time resolution of 11.9 s for each phase except
the first TWIST frame (35 s, full k-space sampling). A and B
represent the central region and the peripheral portion of the k-
space, respectively. These values were selected based on the
findings of a kidney MR angiography study that showed less
than 5 % errors in a TWIST DCE-MRI signal intensity time-
course with both A and B set at 20 %, compared to an
acquisition with full k-space sampling [12]. The values select-
ed were higher than in other studies of TWIST-based breast
imaging [13–15].

For the Dixon-based water–fat separation, echo times were
chosen for in-phase and opposite-phase conditions (2.46 ms
and 3.69 ms). Although fat saturation is not mandatory for
breast DCE-MRI, it is difficult for the patient to remain
motionless for the imaging time of 5 – 10min, and any motion
leads directly to a failure of subtraction. Therefore, the Dixon
method was used in this study, although it requires a longer
TR for the generation of in-phase and opposite-phase echoes.
A gadodiamide contrast medium (Omniscan; GE Healthcare)
was power-injected (Spectris Solaris EP; Medrad, Pittsburgh,
PA) with the beginning of the fourth phase of CDT-VIBE
sequences at a dose of 0.1 mmol/kg and a rate of 3 mL/s. A
total volume of 20 mL saline was subsequently injected to
flush in all contrast medium.

Data processing

The dataset that began to show contrast medium filling in the
heart and its arteries was marked as the first postcontrast phase.
All precontrast CDT-VIBE phaseswere combinedwith different
postcontrast phases (1 – 5, 1 – 10, 1 – 15, 1 – 20, 1 – 25, 1 – 30
and 1 – 35) to form seven dynamic series sets. The correspond-
ing postcontrast scan durations ranged from 1 to 7 min. The
whole processing flow is presented in Fig. 1.

The T1 maps and dynamic series with different scan dura-
tions were uploaded to a workstation and analysed using
dedicated software for pharmacokinetic analysis (Tissue 4D;
Siemens Healthcare). Initially, motion correction was per-
formed automatically with the first dynamic image set as
reference. The motion-corrected dynamic phases were then
registered to T1 maps. The fifth postcontrast dynamic dataset
(acquired at 1 min after contrast medium injection) was used
to set up regions of interest (ROIs). ROIs were manually
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drawn over the most enhancing component of the
lesion. Time–intensity curves were calculated for all
ROIs. Pharmacokinetic evaluation was based on the
two-compartment Tofts model and a population average
arterial input function (intermediate type) provided by
Tissue 4D.

After obtaining voxel-wise pharmacokinetic maps, the
drawn ROIs were copied to the same spatial position. The
median of four parameters within the drawn ROIs, including
Ktrans (volume transfer constant between plasma and EES),
ve (EES volume), kep (constant flux rate between EES and
plasma) and iAUC (area under the curve for the initial 60 s),
were recorded. Finally, seven sets of quantitative parameters
from different scan durations were generated. Data processing
was performed by one radiologist with more than 5 years
experience in breast MR imaging under the supervision of a
senior radiologist with more than 10 years experience in breast
MR imaging. They were both blinded to the patients’ clinical
history and other examination results. Figure 2 shows voxel-
wise parametric maps for malignant (invasive ductal carcino-
ma, Fig. 2a) and benign (fibroadenoma, Fig. 2b) breast
lesions.

Statistical analysis

A single-sample K-S test was used to test whether Ktrans, kep,
ve and iAUC were normally distributed. If these parameters
were normally distributed, a paired t-test with Bonferroni
correction was used to identify significant differences in the
seven sets of pharmacokinetic parameters for benign and
malignant breast lesions, respectively. Otherwise, a nonpara-
metric test would be used. Statistical analysis was performed
using SPSS 21. Receiver operating characteristic curve (ROC)
analysis and pair-wise comparison of areas under the curve
(AUC) with Bonferroni correction were used to assess the
diagnostic efficiency of the parameters. ROC analysis was

performed using Medcalc (12.5.7). P values <0.05 were con-
sidered to indicate statistical significance.

Results

Pathological diagnosis

Among 53 patients included in this study, 17 received core
needle biopsy under ultrasound guidance, 29 received lump-
ectomy after wire localization and 7 received mastectomy.
Pathological assessment was performed on 55 lesions in 53
patients and revealed 29 malignant lesions (18 invasive ductal
carcinomas and 5 ductal carcinoma in situ) and 26 benign
lesions (11 fibrocystic changes, 6 fibroadenomas and 3 papil-
lomas). The 55 lesions ranged in size from 7 mm to 78 mm
with a mean of 35 mm.

Changes in pharmacokinetic parameters with different scan
durations

Figure 3 shows the values of the pharmacokinetic parameters
in relation to scan duration for all benign and malignant
lesions. The paired t-test results for the value of the parameters
with different scan durations in benign and malignant lesions
are summarized in Table 1.

The 1-min meanKtrans values (0.149 min−1 and 0.383 min−1

for benign and malignant lesions, respectively) were higher than
the 2-min Ktrans values (0.126 min−1 and 0.276 min−1, respec-
tively), and the 7-min Ktrans values showed slight increases
(0.147 min−1 and 0.313 min−1, respectively). The percentage
changes in the 1-min to 6-min Ktrans values in relation to the
mean 7-min value, i.e. (Ktrans[x]−Ktrans[7 min])/Ktrans[7 min],
were 2 %, −14 %, −12 %, −6 %, −3 % and −2 % in benign
lesions and 23 %, −12 %, −13 %, −8 %, −3 % and −3 % in
malignant lesions, respectively. The differences in Ktrans in

Fig. 1 Flow chart of CDT-VIBE
dynamic data processing. The
image set that showed contrast
medium filling the heart and its
arteries was marked as the first
post-contrast phase. All
precontrast sequences and differ-
ent phases of postcontrast
sequences (1 – 5, 1 – 10, 1 – 15,
1 – 20, 1 – 25,
1 – 30 and 1 – 35) were used to
form seven sets of dynamic series
with postcontrast imaging
duration ranging from 1 min to
7 min
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Fig. 2 Voxel-wise parametric
map with color overlay image in
patients diagnosed with invasive
ductal carcinoma (a) and
fibroadenoma (b) using the Tissue
4D postprocessing package

Eur Radiol (2015) 25:1162–1171 1165



benign lesions between 1 min and 2 min and between 1 min and
3 min were significant (corrected P<0.001 and corrected
P=0.02, respectively). In malignant lesions, there were signifi-
cant differences in all paired Ktrans values (corrected P<0.05),

except between 2 min and 3 min, between 2 min and 4 min and
for all pairs among 5 min, 6 min and 7 min (corrected P>0.05).

The mean 1-min kep values (0.769 min−1 and 1.255 min−1

for benign and malignant lesions, respectively) were higher

Fig. 3 Scatter plots of
pharmacokinetic parameter
values in relation to scan duration
for all benign lesions (purple) and
malignant lesions (yellow). The
black solid and dashed lines
represent mean values for the
malignant and benign lesions
respectively, and the
corresponding values are shown
in the table below
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than the 2-min values (0.399 min−1 and 0.699 min−1, respec-
tively). The 3-min values were also lower but the decreases
were more moderate (0.328 min−1 and 0.644 min−1, respec-
tively). From 3 min to 7 min, there were slight increases in
both benign and malignant lesions (0.363 min−1 and
0.747 min−1, respectively, at 7 min). The percentage changes
in the 1-min to 6-min kep values in relation to the mean 7-min
value were 112 %, 10 %, −10 %, −8 %, −6 %, and −2 % in
benign lesions and 68 %, −6 %, −14 %, −12 %, −6 %
and −3% inmalignant lesions, respectively. In benign lesions,
the differences in kep between 1 min and all other scan
durations (corrected P<0.001) and the difference between
the 2-min and 3-min values (corrected P=0.03) were signifi-
cant. In malignant lesions, there were significant differences in
all paired kep values (corrected P<0.05) except between
2 min and 4 – 7 min, between 3 min and 4 min and between
6 min and 7 min (corrected P>0.05).

The changes in mean ve values were in contrast to the
changes in Ktrans and kep. From 1 min to 4 min, ve in benign
lesions increased from 0.226 to 0.466 and inmalignant lesions
from 0.352 to 0.480. With longer scan durations, ve in benign
and malignant lesions gradually decreased and reached 0.459
and 0.445, respectively, by 7 min. The percentage changes in

the 1-min to 6-min ve values in relation to the mean 7-min
value were −51 %, −17 %, −5 %, 2 %, 0.5 % and −1 % in
benign lesions and −21 %, 0.3 %, 7 %, 8 %, 5 % and 1 % in
malignant lesions, respectively. The differences in ve between
benign and malignant lesions diminished with increasing scan
duration. In benign lesions, there were significant differences
between the 1-min value and the values for all other
scan durations, and between the 2-min values and 4-
min, 5-min and 7-min values (corrected P<0.05). In
malignant lesions, there were significant differences be-
tween the 1-min value and the values for all other scan
dura t ions , be tween the 2-min values and the
3-min and 4-min values, between the 4-min values and
the 6-min and 7-min values and between the 5-min
values and the 6-min and 7-min values (corrected
P<0.001).

Mean iAUCs in benign and malignant lesions showed
good consistency with the various scan durations. The per-
centage changes in the 1-min to 6-min iAUC in relation to the
7-min value were −7 %, −3 %, −5%, −1%, −3 % and −2% in
benign lesions and 2 %, 3 %, 2 %, 2 %, 0.3 % and 0.2 % in
malignant lesions. There were no significant differences
among any of the iAUC values (P>0.05).

Table 1 Paired t-test results for the parameters in relation to scan duration (uncorrected P values)

Scan duration (min) P values

Ktrans kep ve

Benign Malignant Benign Malignant Benign Malignant

1 vs. 2 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

3 0.001* 0.000* 0.000* 0.000* 0.000* 0.000*

4 0.143 0.000* 0.000* 0.000* 0.000* 0.000*

5 0.561 0.000* 0.000* 0.000* 0.000* 0.000*

6 0.726 0.001* 0.000* 0.000* 0.000* 0.000*

7 0.650 0.001* 0.000* 0.000* 0.000* 0.000*

2 vs. 3 0.510 0.196 0.002* 0.001* 0.005 0.002*

4 0.038 0.108 0.030 0.018 0.000* 0.002*

5 0.008 0.002* 0.032 0.526 0.003* 0.012

6 0.004 0.001* 0.155 0.633 0.005 0.235

7 0.003 0.001* 0.238 0.280 0.003* 0.658

3 vs. 4 0.041 0.001* 0.503 0.596 0.114 0.067

5 0.010 0.000* 0.655 0.000* 0.206 0.447

6 0.013 0.000* 0.367 0.000* 0.590 0.091

7 0.004 0.000* 0.225 0.000* 0.482 0.019

4 vs. 5 0.053 0.000* 0.881 0.000* 0.553 0.153

6 0.102 0.001* 0.539 0.000* 0.223 0.000*

7 0.006 0.002* 0.309 0.000* 0.357 0.000*

5 vs. 6 0.625 0.276 0.196 0.002* 0.320 0.001*

7 0.031 0.118 0.100 0.000* 0.486 0.002*

6 vs. 7 0.114 0.293 0.433 0.033 0.753 0.249

*Bonferroni corrected P<0.05
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ROC analysis

For Ktrans the highest AUC value of 0.932 was for the 1-min
scan duration. With increased imaging time, the AUC values
decreased and reached 0.885 at 7 min. The AUCs for kep
showed a consistent increase from 0.824 at 1 min to 0.913 at 5
min, but decreased to 0.893 at 6 min and 0.888 at 7 min. The
highest AUC of 0.703 for ve was also seen at 1 min, but the
AUC values dropped dramatically to below 0.6 from 2 min.
The AUCs for iAUC showed good consistency with the
various scan durations. There was no significant difference
among AUC pairs for the seven sets of Ktrans, kep, ve and
iAUC (P>0.05). The AUCs for the different scan durations
are shown in Table 2.

Discussion

The aim of this study in a cohort of 53 patients who underwent
high temporal and spatial resolution dynamic CDT-VIBE
imaging to 7 min after injection of contrast medium was to
determine a feasible dynamic scan duration by investigating
its influence on parameter estimates and diagnostic
performance.

In previous studies with temporal resolutions of 2 – 6 s,
computer simulation approaches were used to investigate the
influence of scan time on parameter estimates [16, 17].
Changes in preset parameters with various simulated scan
durations were recorded. The calculated values of Ktrans
and ve with scan durations less than 2 min were significantly
different from preset values and the deviations became worse
with shorter scan durations. In this study, the imprecise esti-
mation of Ktrans and ve with imaging times less than 2 min
was in agreement with the findings of previous experimental
studies.

In this study, mean Ktrans and ve for the 1-min scan
duration were significantly different from the values for the
other scan durations, as was mean kep. This deviation in the

estimates was significantly less with a scan duration of 2 min
and reached a relatively stable state with a duration of 3 min.
In a study by Jena et al., high temporal resolution (4.4 s) T1-
weighted images were acquired up to 90 s in 36 lesions (16
benign and 20 malignant) [18]. They measured Ktrans from
30 s to 90 s with an interval of 10 s and found a decrease from
10.809 to 2.194 for malignant lesions and from 4.446 to 0.189
for benign lesions. Despite differences in the technique and
analysis methods, the changes in Ktrans with varying scan
durations were very similar to the findings in the current study.
The consistency in clinical and experimental results indicates
that deviations in parameters with a scan duration of 1 min
may not be a true reflection of lesion features, but overesti-
mation and underestimation caused by incomplete data
acquisition.

Compartment models, such as the Tofts model, used for
T1-weighted dynamic contrast-enhanced data assume instan-
taneous mixing of intravenously injected contrast medium and
ignore first-pass effects of bolus injection [19, 20]. The early
phase of contrast enhancement (referred to as the first pass in
bolus injection studies) involves the contrast medium arriving
via the arterial supply and constantly mixing into the blood
plasma and the closely coupled compartments [21, 22]. This
mixing phase might last up to about 2 min [23], which
coincides with the imprecise scan duration of 2 min found in
this study. Thus, incomplete contrast medium transfer during
the 2 min after injection may be the underlying reason for the
spurious parameter estimates. Therefore, a scan time of less
than 2 min is not appropriate for compartmental analysis.

Significant changes in individual parameters with varying
scan durations were also observed in this study. In benign and
malignant lesions, the fast concentration of contrast medium
in plasma and EES within the first 2 min after injection
produced significant changes in Ktrans, kep and ve between
1 and 2 min and other scan durations. However, dynamic
imaging times from 3 to 7 min revealed different responses
from benign and malignant lesions. In benign lesions, there
were no significant differences in the three Tofts parameters,
while in malignant lesions significant differences existed until

Table 2 AUC of pharmacokinetic parameters with varying scan durations

Scan duration (min) AUC (95 % confidence interval)

Ktrans kep ve iAUC

1 0.932 (0.831 – 0.982) 0.824 (0.697 – 0.913) 0.703 (0.564 – 0.819) 0.885 (0.783 – 0.962)

2 0.910 (0.802 – 0.971) 0.864 (0.745 – 0.942) 0.584 (0.443 – 0.715) 0.880 (0.764 – 0.952)

3 0.895 (0.783 – 0.962) 0.897 (0.785 – 0.963) 0.519 (0.380 – 0.655) 0.887 (0.773 – 0.957)

4 0.873 (0.756 – 0.948) 0.896 (0.784 – 0.962) 0.505 (0.366 – 0.642) 0.878 (0.756 – 0.931)

5 0.881 (0.766 – 0.953) 0.913 (0.806 – 0.972) 0.510 (0.372 – 0.647) 0.883 (0.756 – 0.958)

6 0.885 (0.770 – 0.955) 0.893 (0.780 – 0.960) 0.560 (0.420 – 0.694) 0.868 (0.750 – 0.944)

7 0.885 (0.770 – 0.955) 0.888 (0.774 – 0.957) 0.574 (0.434 – 0.707) 0.865 (0.743 – 0.929)
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the last 6-min vs. 7-min comparison. A possible explanation is
that the transfer of contrast medium between plasma and EES in
benign lesions may be stable during the 3 – 7 min after injec-
tion, but in malignant lesions the 3 – 6 min after injection
corresponds to the delayed wash-out phase and the variable
contrast medium reflux rate between EES and plasma has a
significant effect on parameter values. Therefore, prolonging
dynamic imaging to collect adequate delayed information is
necessary, especially for malignant lesions. Thus, reported phar-
macokinetic parameters from some previous studies [24–26] in
which a high spatial resolution sequence of 1 – 3 min was
inserted between ultrafast dynamic sequences with lower spatial
resolution to compensate for missed morphological information
might be inaccurate because the inserted sequence generally
occurred during the 2 – 6 min after contrast medium injection.

Parameter values were significantly influenced by the scan
duration, but discrimination of benign from malignant lesions
was not. The best Ktrans AUC produced with the 1-min
imaging time might be derived from overestimation of the
Ktrans value. Although it did improve the diagnostic perfor-
mance (but not statistically significantly), it is unknown
whether this advantage would persist or introduce extra un-
certainty into the parameter estimation. To answer these ques-
tions, more clinical application and verification are needed in
future studies. The consistent increase in kep AUC with in-
creasing imaging time may be caused by the efflux of contrast
medium from the tissue back to the plasma which usually
appears after 2 min in breast lesions [1, 23]. Clinically, Ktrans
is more widely used for differentiation and monitoring treat-
ment response, while the clinical value of kep and ve is
discrepant between studies [4, 18, 24, 25]. However, Ktrans
is influenced by any condition correlated with blood perfu-
sion, for example cardiac output and hypertension, while kep
is not [27]. Thus kep may be a more accurate indicator of
tumour capillary permeability. In this study, kep showed reli-
able and comparable AUC values. And the best diagnostic
performance with kep was achieved with a scan duration of
5 min.

Considering the fact that ve had minor diagnostic value and
iAUC was not an effective variable in the current circum-
stances, the determination of the optimized imaging time was
based onKtrans and kep. ForKtrans and in benign lesions kep,
the dynamic data collected during the 6-min and 7-min scans
did not show significant changes in the parameter estimates.
Although there was a significant difference in kep in malig-
nant lesions between 5 min and 6 and 7 min, kep produced the
best AUC with the 5-min scan duration. Moreover, scan
durations above 5 min did not improve the diagnostic perfor-
mance of any of the parameters. Therefore, a scan duration of
5 min for adequate wash-in and wash-out information may be
a conservative but reasonable choice. It should be noted that
the best Ktrans AUC with 1 min was not taken into consider-
ation. The more prominent overestimation of Ktrans in

malignant lesions with a scan duration of 1 min enhanced its
differentiation performance, but before solid evidence can
verify the effectiveness of this overestimation, a cautious
attitude should still be adopted. But the potential to improve
the diagnostic value of Ktrans with shorter scan durations,
such as 2 min, was raised for further discussion and
confirmation.

There were two major technical limitations in this study.
First, although the TWIST technique has been used for ultra-
fast DCE-MRI of the breast in many studies with some
interesting findings [13–15, 28, 29], the potential influence
of the TWIST method on the pharmacokinetic parameters is
unclear. It is known that sharing k-space data from different
time points of dynamic contrast enhancement will affect the
measured signal intensity [30, 31]. A simulation study per-
formed by Le Yet al. showed that in tumours larger than 5 mm
in diameter, with A=20 %, the same A value as used in the
current study, the underestimation of signal enhancement due
to TWIST k-space data sharing is 7.56 % or less [28]. Such an
error is unlikely to cause an error in the enhancement curve
classification. However, further study is needed to confirm
whether this conclusion is also applicable to the pharmacoki-
netic model. Second, the four-channel coil used in this study
limited the effectiveness of the CAIPIRINHA technique, since
the performance of a parallel acquisition method is highly
related to the number of coil channels [32].

There were also several methodological limitations. First,
the sample size (55 lesions) may not have been enough to
reveal differences that exist among the parameters or AUCs
with varying imaging durations. Moreover, the selected im-
aging duration needs to be extended to more patients to test its
efficiency. These two points will be explored in future re-
search. Considering the purpose of this study, it is important
to avoid any calculation inaccuracy caused by measuring
procedures. When a lesion is smaller than 1 cm, the ROI
position is highly variable and a fluctuating time–signal curve
is frequently observed. The cut-off in lesion size of 1 cm may
have helped exclude this inaccuracy although it risked intro-
ducing some bias into this study. On the other hand, the
diagnostic accuracy of pharmacokinetic parameters for lesions
smaller than 1 cm is still controversial [18, 33]. But these
previous studies were performed using conventional tech-
niques. The coarse spatial resolution and the partial volume
effect might be the reasons for the disagreements. With its
improved spatial resolution, the CDT-VIBE technique could
be a promising solution to this issue.

The quantitative parameters are influenced by multiple
factors, and this clinical study can only provide a guide for
protocol setup for quantitative DCE-MRI of the breast under
the current conditions, including the two-compartment Tofts
model, high temporal resolution acquisition, a population
average arterial input function and small-sized contrast agent.
The results of this study may not be consistent in a different
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scenario. Despite all these limitations, CDT-VIBE provides a
novel tool to achieve real high temporal and spatial resolution
imaging for DCE-MRI of the breast. Nevertheless, in the
current study, dynamic data could be consecutively and fre-
quently collected with high spatial resolution, enabling the
determination of the influence of imaging duration on param-
eter estimation and diagnostic performance. These prelimi-
nary findings provide a solid base for further exploration and
clinical application.

In conclusion, the scan duration of breast DCE-MRI has a
significant impact on pharmacokinetic parameter estimation.
The impact on benign lesions is prominent within the first
2 min after contrast medium injection, but inmalignant lesions
the impact extends to 4 – 6 min because of the delayed wash-
out of contrast medium. However, the discrimination ability of
parameters may not be significantly influenced by the scan
duration. Since imaging beyond 5 min does not add any
improvement, an imaging time of 5 min may be sufficient
for calculation of pharmacokinetic parameters of the Tofts
model, but the potential to improve the diagnostic value of
Ktrans with a shorter scan duration needs further discussion
and confirmation.
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