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Effect of contrast agent on T2-weighted fat-suppressed imaging
and diffusion-weighted imaging in the diagnosis of breast tumors
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Background: Although previous studies have shown that the injection of contrast agents can improve
image quality, the specific impact of this on T2-weighted fat-suppressed (T2 FS) and diffusion-weighted
imaging (DWI) sequences in the diagnosis of breast cancer remains incompletely understood. In particular,
there is insufficient research on how contrast agents affect the signal-to-noise ratio (SNR), contrast-to-noise
ratio (CNR), and apparent diffusion coefficient (ADC) values within these sequences, and how these changes
influence the diagnosis of benign and malignant breast tumors.

Methods: Breast magnetic resonance images (MRI) were obtained from 178 consecutive patients on a 3T
scanner. The SNR and CNR of lesions on T2 FS sequence were calculated before and after contrast agent
injection and compared. Differences between pre- and post-contrast ADC in identifying different tumor
types were compared using the Kruskal-Wallis H-test and the paired comparison test. The accuracy of ADC
values between pre- and post-contrast in distinguishing benign and malignant breast masses was assessed
using receiver operating characteristic (ROC) curves.

Results: The SNR and CNR of T2 FS sequence increased after contrast injection, and especially for
invasive cancer and benign tumor, the increase was significant. For DWI, there was a slight increase or
decrease of ADC values after contrast injection, but the ADC values before and after contrast had a similar
effect in identifying different types of tumors. In the ROC curve analysis for assessing benign and malignant

breast tumors, the area under the curve (AUC) before and after contrast showed similar results.
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Conclusions: Contrast agent injection can improve the SNR and CNR of T2 FS sequence, thus providing

higher quality images for the diagnosis of breast lesions. Furthermore, injection of contrast agent had little

effect on the ability of ADC values to identify different types of lesions and both ADC values before and

after the contrast agent were able to distinguish between benign and malignant tumors with almost the same

accuracy.
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suppressed imaging (T2 FS imaging); apparent diffusion coefficient (ADC)
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Introduction

In recent years, breast cancer has surpassed lung cancer as
the cancer with the highest diagnosis rate in the world and
the leading cause of cancer death among women worldwide
(1,2). Early and accurate diagnosis and timely treatment
can improve breast cancer staging, reduce mortality, and
increase cure rates (3).

About 90% of breast cancers are diagnosed by magnetic
resonance images (MRI), compared with 38% for both
mammography and ultrasound (4). According to the
American Society of Radiology (ACR) and breast imaging
association guidelines (5,6), T'1-weighted imaging (T1WI)
sequence, 12-weighted fat-suppressed (T2 FS) sequence,
T1WI-enhanced scan sequence, and diffusion weighted
imaging (DWI) sequence are the recommended sequences
for diagnosing breast cancer. Multiparametric evaluation of
these sequences can well distinguish benign and malignant
breast lesions, which can achieve a high-precision diagnosis
of breast cancer, which is of great significance for the
diagnosis of breast cancer (7-12). At present, there are many
simplified protocols available, but there is no complete
standardization process. Their design is usually based on
a single specific clinical problem. Traditional breast MRI
scans typically place T2 FS sequences and DWI sequences
before contrast-enhanced scans. Some centers, including
our institution, prefer to perform T2 FS and DWI
sequence scans after the administration of contrast agents,
because in certain special circumstances, patients may not
tolerate subsequent dynamic contrast-enhanced (DCE)
scans, potentially compromising the image quality (13-17).
Furthermore, previous studies have failed to provide
systematic quantitative metrics to assess the potential impact
of contrast agent injection on T2 FS and DWI sequence
images. Our study aims to investigate whether the injection
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of contrast agents affects the images of T2 FS sequences
and DWI sequences, including signal-to-noise ratio (SNR)
and the contrast-to-noise ratio (CNR) for the T2 sequence
and apparent diffusion coefficient (ADC) values for the
DWI sequence. This series of studies will provide valuable
insights and quantitative data for clinical practice to help
physicians better select the appropriate scanning protocol,
thereby improving diagnostic accuracy and treatment
outcomes for patients with breast disease.

Studies (18-20) have shown a different effect on the ADC
of 3T magnetic resonance after gadolinium contrast injection,
which we suspect may be related to the scanning time point
after contrast injection. Overall, there are few studies on the
effect of contrast injection on image quality, and there are
no quantitative studies on T2 FS sequence image quality and
changes between pre- and post-contrast ADC.

Therefore, we redesigned the scanning protocol with the
aim to comprehensively investigate the image quality of T2
FS sequence after contrast injection, the changes in pre-
and post-contrast ADC, the impact of these changes on the
identification of different types of masses, and the effect on
the ability to differentiate between benign and malignant
breast lesions. We present this article in accordance with
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-1700/rc).

Methods
Patients

A total of 178 patients from the Second People’s Hospital
of Yibin, who underwent breast cancer MRI from October
2021 to April 2022, were consecutively included in this
study. This prospective cohort study was conducted in
accordance with the Declaration of Helsinki (as revised
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Figure 1 MRI scheme used in the study. MRI, magnetic resonance imaging; T2 FS, T2-weighted fat-suppressed; T1WI, T1-weighted image;

DWI, diffusion-weighted imaging; P30, 30-phase ultra-fast contrast-enhanced sequence; R7, 7-phase conventional sequence; FS, fat-suppressed.

Table 1 Scanning parameters

MR parameters Ultra-fast DCE-MRI T2 FS DWI
TR/TE (ms) 4.66/1.96 3,700/75.6 3,800/72.4
Thickness (mm) 1.1 5 5
Number of slices 138 24 24
Flip angle 10° 90° 90°
FOV (mm) 340x340 360x360 360x360
Matrix 336x336 336x336 240x240
b value (s/mm?) - - 50, 800

DCE-MRI, dynamic contrast enhanced-magnetic resonance imaging; T2 FS, T2-weighted fat-suppressed; DWI, diffusion weighted

imaging; TR/TE, repetition time/echo time; FOV, field of view.

in 2013) and was approved by the Institutional Review
Board of the Second People’s Hospital of Yibin (No. 2023-
104-01). After providing a complete description of the
study, informed written consent was obtained from each
participant before the study.

MRI

All patients were scanned with bilateral 10-channel coils
on a 3.0T MRI system (uMR790; China Shanghai United
Imaging Medical Co., Ltd., Shanghai, China). During the
whole examination, all patients were carefully instructed to
breathe normally and not to move. Breast MRI sequences
included axial fast spin-echo Dixon sequences (including
T2 FS), TIW fast spin-echo sequences, DWI sequences
(a spin-echo sequence immediately followed by an epi
acquisition module and a diffusion module), ultra-fast DCE
sequences, and conventional DCE sequences (Figure ). In
all sequences, the patient was imaged in the prone position
with free breathing. In the beginning of the third phase
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of the 30-phase ultra-fast contrast-enhanced sequence
(P30), 0.1 mmol/kg of MR contrast agent (gadopentetate
dimeglumine; Guangzhou Chenkang Pharmaceutical Co.,
Ltd., Guangzhou, China) was injected at a flow rate of
3 mL/s. The remaining parameters are detailed in 7able 1.
After the localization sequence (scan time: 18 seconds),
the first images acquired were a pre-12 FS sequence (scan
time: 1 min 36 s) and a T1W axial sequence (scan time:
2 min 10 s). Subsequently, a pre-DWI sequence (scan
time: 1 min 47 s) was performed, followed by a DCE-
MRI examination after an ultra-rapid T1W fat suppression
sequence (scan time: 1 min). This consisted of a 30-phase
ultra-fast contrast-enhanced sequence (P30, scan time:
2 min 10 s) and a 7-phase conventional sequence (R7, scan
time: 7 min). Contrast was injected at the beginning of the
third stage of P30. After the contrast-enhanced scan was
completed, T1W coronal and sagittal scans were performed
(scan time: 3 min 50 s). Subsequently, a post-T2 FS
sequence (scan time: 1 min 36 s) and a post-DWI sequence
(scan time: 1 min 47 s) were performed. The total scan time
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Figure 2 MRI and ROI for a patient with fibroadenoma, with red circles indicating the ROIs. (A) Pre-contrast ultrafast DCE-MRI imaging

(3 phases); (B) post-contrast ultrafast DCE-MRI imaging (20 phases); (C) pre-contrast T2 FS image; (D) post-contrast T2 FS image for the

patient. ROI, regions of interest; MRI, magnetic resonance imaging; DCE-MRI, dynamic contrast enhanced-MRI; T2 FS, T2-weighted fat-

suppressed.

was approximately 23 minutes.

Image analysis

All images were transferred to a dedicated post-processing
station for analysis. A radiologist (Mulan) conducted
an independent review using the uMR790 workstation,
excluding the following data: (I) 12 patients with incomplete
pathological information and diagnoses, including
medullary carcinoma, breast carcinoma, encapsulated
papillary carcinoma, and Paget’s disease; (II) 25 cases with
lesion diameters smaller than 1 cm, making it difficult
to delineate regions of interest (ROI); (III) 78 patients
exhibited image artifacts, with 56 cases of artifacts in any T2
FS image and 22 cases of artifacts in any DWI image. In the
end, data from 90 patients were collected, constituting a 12
FS dataset of 140 lesions, including 99 invasive carcinoma,
21 carcinoma #n situ, and 20 benign tumors. A total of
124 patients contributed to an ADC dataset of 142 lesions,
including 104 invasive carcinoma, 23 carcinoma 7z situ, and
15 benign tumors.

Referring to the enhanced images from the 20th phase
of ultra-fast contrast-enhanced imaging post-injection, we
positioned the lesion ROI (ROI tumor) and the healthy
glandular tissue ROI (ROI normal) on the pre-contrast T2
FS images. We measured and recorded the signal intensity
(SD) for these ROIs. Additionally, we placed ROIs (ROI
noise) in the upper left of the image and in background
(air) anterior to patients’ chest wall to capture and average
the standard deviation (SD) of the measured SI. Care was
taken to avoid tissues such as fat, vessels, and air that could
affect the measurements, ensuring the selected lesion area
displayed the utmost uniformity in imaging. These ROI
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areas were then replicated onto the post-contrast T2 FS
sequence images, as shown in Figure 2. Subsequently, the
SNR and the CNR were calculated using the following
formula:

SNR =SI,,.../SD,.. 1]

tumor

CNR = (SI =S, ) /SD, e [2]

tumor

The ROIs were manually plotted in the darkest portion
of the ADC image prior to contrast injection, avoiding
necrotic, noisy, or non-enhancing lesion voxels, with
reference to the enhanced image of ultra-fast contrast-
enhanced imaging phase 20 after injection of the contrast
agent. The ROIs described above were then copied into the
ADC sequence after injection of the contrast agent. The
position of the ROIs was further manually adjusted in case
of slight misalignment due to patient movement.

Statistical analysis

Differences in SNR and CNR in T2 FS sequences before
and after contrast injection were assessed using the Wilcoxon
signed-rank test, and furthermore, differences in ADC
values between different tumor types (invasive carcinoma,
carcinoma 7z situ, and benign tumors) were compared before
and after contrast injection, Discriminatory power between
pre- and post-contrast ADC in identifying different tumor
types were compared using the Kruskal-Wallis H-test and
the paired comparison test. The accuracy of ADC values
between pre- and post-contrast ADC in distinguishing
benign and malignant breast masses was assessed using
receiver operating characteristic (ROC) curves.
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Table 2 SNR and CNR of T2 FS sequences before and after contrast between lesions, benign tumors, invasive carcinoma, and carcinoma iz situ

Wilcoxon signed- Benign tumor (N=20)

Invasive carcinoma (N=99)

Carcinoma in situ (N=21)

rank test SNR CNR CNR SNR CNR
Pre-contrast 82.22+27.96 71.83+26.97 69.72+34.32 60.96+31.80 55.72+32.04 50.04+£29.57
Post-contrast 127.86+85.34 114.06+81.47 112.99+57.81 100.14+53.74 96.94+53.13 87.15+47.72
P value 0.006 0.005 <0.001 <0.001 <0.001 <0.001

The value is presented as mean + SD. SNR, signal-to-noise ratio; CNR, contrast-to-noise ratio; T2 FS, T2-weighted fat-suppressed; SD,

standard deviation.
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Figure 3 The pre- and post-contrast ADC values of various
tumors. ADC, apparent diffusion coefficient.

Table 3 Differential results of pre- and post-contrast ADC for
invasive carcinoma, carcinoma i situ, and benign tumors

Pre ADC (P) Post ADC (P)

Kruskal-Wallis H-test

Invasive carcinoma vs. carcinoma 0.02 0.006
in situ
Carcinoma in situ vs. benign tumor 0.009 0.03

Benign tumor vs. invasive carcinoma <0.001 <0.001

ADC, apparent diffusion coefficient.

Results

Comparison of pre- and post-contrast SNR and CNR of T2
FS sequence of different breast lesions

The SNR and CNR of T2 FS of breast lesions and different
types of tumors before and after contrast injection and
the corresponding P values are listed in 7able 2. The SNR
of T2 FS images of benign tumors increased significantly
from 82.22+27.96 to 127.86+85.34 (P=0.006) and the CNR
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from 71.83+26.97 to 114.06+81.47 (P=0.005) after injection
of contrast agent. The SNR of T2 FS images of invasive
carcinoma increased significantly from 69.72+34.326
to 112.99+57.81 (P<0.001), and the CNR increased
significantly from 60.96+31.80 to 100.14+53.74 (P<0.001).
The SNR of T2 FS images of carcinoma i situ increased
significantly from 55.72+32.04 to 96.94+53.13 (P<0.001),
and the CNR increased significantly from 50.04+29.57 to
87.15+47.72 (P<0.001).

Comparison of pre- and post-contrast ADC values and its
differentiation in different breast lesions

Considering all lesions collectively, the pre-contrast ADC
values exhibited a slight reduction from (1.159+0.410)x10~
to (1.156£0.406)x10~ mm®/s at post-contrast. In benign
tumors, the pre-contrast ADC values experienced
a marginal decrease from (1.860+0.551)x107 to
(1.841£0.555)x10™ mm?/s at post-contrast. Among invasive
carcinomas, the pre-contrast ADC values minimally
dropped from (1.00520.166)x10™ to (1.004£0.166)x10™
mm’/s at post-contrast. In the case of iz situ carcinomas, the
pre-contrast ADC values displayed a minor increase from
(1.1530.186)x10~ to (1.158+0.174)x10™* mm’/s. However,
it is important to emphasize that the observed changes did
not reach statistical significance, as depicted in Figure 3.

Differentiation of pre- and post-contrast ADC in
different breast lesions is shown in Table 3. The results
showed that the difference in ADC between invasive
carcinoma and carcinoma in situ before and after contrast
was significant (P=0.02, P=0.006). The difference in ADC
between carcinoma iz situ and benign tumor before and
after comparison was significant (P=0.009, P=0.03), whereas
the difference in ADC between benign tumor and invasive
carcinoma was highly significant (P<0.001). Figure 4 shows
representative images of DWI and ADC sequences before
and after contrast injection for invasive carcinoma.
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Figure 4 MRI and ROI for a patient with infiltrating ductal carcinoma, with red circles indicating the ROIs. (A) Pre-contrast ultrafast DCE-

MRI imaging for the patient with infiltrating ductal carcinoma (3 phases); (B) post-contrast ultrafast DCE-MRI imaging for the patient with
infiltrating ductal carcinoma (20 phases); (C) pre-contrast DWI of the left breast (b value =800 s/mm’); (D) ROI with pre-contrast ADC of
0.999x10~ m*/s; (E) post-contrast DWI of the left breast (b value =800 s/mm’); (F) ROI with post-contrast ADC of 0.824x10~ m*/s. MRI,
magnetic resonance images; ROI, regions of interest; DCE-MRI, dynamic contrast enhanced-MRI; DWI, diffusion weighted imaging;

ADC, apparent diffusion coefficient.

Table 4 The accuracy of pre- and post-contrast ADC values
between benign and malignant breast lesions

ADC measurement Pre ADC Post ADC
AUC 0.894 0.900
95% Cl 0.832-0.940 0.838-0.944
Accuracy 0.817 0.845
Sensitivity 0.789 0.837
Specificity 0.895 0.868
Youden index 0.683 0.705
Cut-off 1.104 1.120

ADC, apparent diffusion coefficient; AUC, area under the curve;
Cl, confidence interval.

Comparison of the accuracy in distinguishing benign and
malignant lesions based on pre- and post-contrast ADC
values

The accuracy of pre- and post-contrast ADC values for
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benign and malignant breast lesions was 0.894 (0.832-0.940)
and 0.900 (0.838-0.944), as shown in Tuble 4. Delong test
showed that there was no significant difference among pre-
and post-contrast ADC values (P=0.61). The area under the
curve (AUC) for diagnosis of benign and malignant tumors
comparing pre- and post-contrast ADC values is shown in
Figure 5.

Discussion

In this study, SNR and CNR were calculated for all breast
lesions on T2 FS sequence images before and after contrast
injection. These lesions were further classified into 3
typical lesion types (invasive carcinoma, carcinoma i situ,
and benign tumor) in order to investigate whether there
was a significant difference in the ADC values of these
lesions before and after contrast injection and whether this
difference would affect the interpretation of breast disease
results.

T2 FS may improve lesion classification by
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Figure 5 The AUC of benign and malignant tumors comparing
pre- and post-contrast ADC values. AUC, area under the curve;
ADC, apparent diffusion coefficient.

demonstrating peri- or anterior breast edema, a known
marker of poor prognosis in patients with breast cancer.
Several studies have reported that T2WI (including T2
FS) improves the specificity of differentiating benign and
malignant lesions, and others have suggested that improving
the quality of T2WI images by combining T2WI and
DWI sequences can help in the diagnosis of breast cancer
(11,20-23). Therefore, improving the quality of T2WI
images is very important for breast cancer diagnosis. As it
happens, the experimental results showed that the SNR
and CNR of T2 FS sequences of all breast lesions before
and after contrast injection were improved by 62.38% and
64.55%, respectively, which indicates that contrast injection
is beneficial to improve the imaging quality of T2 FS.
According to previous studies, when the concentration
of gadolinium-based contrast agents is low, the effect on T'1
relaxation time is more pronounced due to the longer T1
relaxation time of bodily tissues. This is manifested in TIWI
as an increase in SI in tissues containing contrast agents.
As the concentration increases, the T2-shortening effect
gradually becomes more evident. When the concentration is
significantly higher than the clinical dose (0.1-0.2 mmol/kg),
T2 shortening is pronounced, and the T2 enhancement
effect surpasses the T'1 shortening effect. In this case, if T2-
weighted imaging is used, tissues containing contrast agents
will exhibit a reduction in signal. This phenomenon is also
known as negative contrast enhancement (24-26). This
indicates that T2 relaxation time can also be shortened, but
a certain high concentration is required to visually display
it on the image. In our study, the magnetic resonance

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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contrast agent was administered at a low concentration of
0.1 millimoles per kilogram, which is the standard clinical
dose. The acquisition time was approximately 12 minutes
after the injection of the contrast agentand the absolute
effects of 0.1 mmol/kg dose on 1/T1 and 1/12 are very
similar. The Relaxivity of magnetic resonance contrast
agent is a function of the relaxation rate of tissue with the
change of contrast agent concentration. which is larger
than 1/T1, but smaller than 1/T2. Therefore, the signal
attenuation in T2 image is far less obvious than that in
T1 signal enhancement, and it is even possible that T1
enhancement effect compensates the signal attenuation
caused by T2 shortening, which leads to the increase of T2
SI and the improvement of image signal after contrast agent
application.

DWTI is a special functional imaging sequence in MRI
sequences, which is the only examination method to date
that can noninvasively detect the diffusive motion of water
molecules in living tissues, and ADC value is the main
quantitative parameter. This study demonstrated that for
invasive carcinoma, carcinoma 7z situ, and benign neoplastic
lesions, there was a significant difference in ADC values
prior to contrast injection. Invasive carcinoma exhibited
lower ADC values, which was attributed to the tissue
destruction and abnormal cell proliferation typical of these
lesions. The overpopulation of malignant cells disrupts
the tissue structure, increases cell density, and alters the
microstructure, leading to changes in ADC values. These
factors limited the spread of water within the tumor.
Carcinoma iz situ is an early-stage cancer in which the
abnormal cell proliferation remains confined to the original
tissue and does not invade surrounding tissues. Carcinoma
in situ is defined as a noninvasive breast cancer in which
the abnormal cells are confined to the ducts or lobules
without invading the surrounding tissue. Carcinoma i situ
typically exhibits lower cell density and less structural tissue
destruction than invasive carcinoma. As a result, carcinoma
in situ tends to have higher baseline ADC values than
invasive carcinoma. Benign breast tumors are noncancerous
growths and lack the invasive characteristics of malignant
tumors. These tumors typically have lower cell densities and
more preserved tissue structure than invasive carcinomas
and carcinomas 7z situ, resulting in higher ADC values.

The experimental results showed that the ADC values
of breast lesions (including benign tumors and invasive
carcinoma) at 13 minutes after the injection of the contrast
agent were generally lower than those before the contrast
injection, and this result was considered to originate
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from the principle of the T2 shortening effect, which
means that the gadolinium contrast agent reduces the SI
of the intravascular fluid, leading to the inhibition of the
perfusion effect, which results in the decrease of the ADC
values. At the same time, the gadolinium contrast agent is
a paramagnetic substance, which increases the magnetic
field distribution around the vessel and decreases the T'1
and T2 thresholds, thus further affecting the ADC values.
This result has now been confirmed by several studies
(27,28). However, this trend was not shown in carcinoma
in situ, considering that it may be related to the biological
characteristics of carcinoma 7z situ and warrants further
study in future data with large samples. In this study, these
differences were not statistically significant, and the reason
for this might be related to the gradual decrease of the
contrast agent in the lesion microcirculation over time (29).

Nguyen et al. (18) demonstrated that there was no
difference in ADC values before and after contrast agent
injection when the interval time between pre and post
was 9 minutes. This current study, offering a larger-scale
prospective sample with a greater number of cases and a
broader spectrum of malignant lesion subtypes, reinforces
previous research findings. It can provide new perspectives
for the development of related fields and could be beneficial
for future investigations into simplified sequences for
ultrafast MRI. Additionally, studies have suggested that the
possible cause of ADC decrease may be the T2* effect (29),
which is attributed to signal attenuation caused by
inhomogeneous main magnetic field. However, the DWI
sequence used in the present study is spin-echo sequence,
which corrects the signal attenuation of inhomogeneous
main magnetic field and excludes the effect of T2* effect.

According to ROC analysis, the ADC values of
pre-contrast and post-contrast were 0.978 and 0.967,
respectively, which are capable of distinguishing benign
and malignant tumors (30). The range of ADC thresholds
reported in the literature for identifying benign and
malignant breast lesions is (1.1-1.6)x10™" mm’/s, and the
results of the present study showed that the diagnostic
thresholds for pre- and post-enhancement ADC values were
1.222x107 and 1.301x10” mm?/s, respectively, which is in
agreement with the previous result.

This study has several limitations. Firstly, there is
a scarcity of data concerning specific types of breast
cancer (e.g., medullary carcinoma, mucinous carcinoma,
encapsulated papillary carcinoma, Paget’s disease, etc.).
The lack of comparative experiments involving ADC
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values for DWI and SNR/CNR values for T2 FS before
and after contrast agent injection for these specific types is
notable. Secondly, we conducted experiments using only 1
specification of contrast agent (gadopentetate dimeglumine,
15 mL, 7.04 g). Further research is needed to investigate
the effects of different contrast agents on SNR/CNR
values of T2 FS and ADC values. Thirdly, the b values
used in this study were 50 and 800, and it is acknowledged
that different b values may impact the ADC value. Future
exploration of the relationship between a broader range of
b values and ADC values would be beneficial. Fourthly, the
study involved a limited number of cases, with an uneven
distribution among the 3 tumor types, possibly introducing
some degree of randomness. Further experimental analysis
could be performed with an expanded dataset to address
these limitations. Lastly, although we did not control for
the parallel imaging techniques in DWI, which might affect
the measurement of background noise, it is important to
note that the same imaging acquisition method was used
both before and after the injection of the contrast agent.
Considering that the focus of this study is on the changes
following the injection of the contrast agent, we did not
take specific measures regarding this issue. Future research
will further explore this matter.

Conclusions

Contrast agent injection can improve the SNR and CNR
of T2 FS, thus providing higher quality images for breast
lesions diagnosis. Furthermore, injection of contrast agent
had little effect on the ability of ADC values to identify
different types of lesions and both ADC values before and
after the contrast agent were able to distinguish between
benign and malignant tumors with almost the same accuracy.
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