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Magnetic resonance imaging is recognized as a useful modality in breast imaging. Motion is considered the most relevant cause of artefacts in breast MRI leading
to degraded image quality or rendering studies non-diagnostic. The important reason for patient motion is contrast administration. Contrast administration may lead
to discomfort, feeling of tingling and warmth, and pain in the arm contrast was administered to. The aim of our study was to determine the influence of contrast agent
injection side and improve communication with patients on motion artifacts on subtraction reconstructions in order to prove that unexpected events may cause non-
physiological movement resulting in motion artifacts, and that well-timed warning may decrease such artifacts. 146 patients with breast MRI from July 2019 to May 2020
were included. 71 of them were warned before the dynamic sequence started, and 75 of them didn't receive any warning for contrast application. The pectoral shift, in
millimeters in the anteroposterior and lateral-lateral directions, was measured. Pectoral shift showed to be larger in unwarned patients when compared to warned ones
with high significance (p=0.001) -no artifacts were observed in 361 warned, and 267 in unwarned women. Furthermore, artifacts were significantly larger on the side
contralateral to contrast administration (median value of 2mm for the same side, and Tmm on the opposite side). In conclusion, our study showed that if patients knew
the exact time of contrast application, the motion artifacts would be less pronounced; and that we should apply the contrast agent on the side opposite to the breast

pathology is expected in.

Abbreviations Communication System; TIRM: Turbo Inversion Recovery

Magnitude; SPAIR: SPectral Attenuated Inversion Recovery; WP:

MRI: Magnetic Resonance Imaging; MR: Magnetic WarnedPatients;UWP:UnwarnedPatients;AP: Antero-Posterior;
Resonance; CA: Contrast Agent; PACS: Picture Archiving and LL: Latero-Lateral
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Introduction

Magnetic resonance imaging (MRI) is widely recognized
as a useful imaging modality for high-risk women screening,
for preoperative and post-treatment evaluation, to investigate
carcinoma of unknown primary tumor or syndrome, and
patients without conclusive mammographic or sonographic
imaging findings [1,2].

Breast MRI identifies early signs of cancer, detecting
its neoangiogenesis, increased vessel permeability, and
permeability of the ductal basal membrane. Cancer detection
and visualization are based on pathophysiologic changes, such
as cancer proliferation, infiltrative growth, and metastasis [3,4].
MRI is a functional imaging tool with proven benefits in breast
cancer screening and diagnosis along with mammography,
ultrasound (US), and image-guided needle biopsy. Breast MRI
studies should be interpreted by radiologists with expertise in
breast imaging since it's often being used as a supplemental
modality for equivocal findings on mammography or
ultrasound [5]. There are no studies regarding the learning
curve in MRI interpretation, but the knowledge of conventional
breast imaging studies and the principle of MRI interpretation
along with drawbacks and pitfalls are crucial in adequate breast
MRI assessment.

MRI showed higher accuracy compared to mammography
and ultrasound in detecting and characterizing breast cancers
as well as differentiation of malignant from benign lesions.
In order to diagnose or exclude cancer, MRI scanning yields
mandatory intravenous administration of a gadolinium-
containing contrast agent (CA) [6,7]. Even though Breast
MRI has evolved from contrast-enhanced to multiparametric
imaging technique, the basic framework for any MRI protocol
is dynamic Ti-weighted contrast-enhanced sequence, and
subtraction reconstructions.

Subtraction of unenhanced images from the corresponding
contrast-enhanced images is crucial for lesion detection and
characterization, mostly when Ti-weighted (T1W) non-fat-
saturated or fat-saturated technical protocols are utilized [8].
The dynamic analysis investigates the permeability of the
vessels that supply a lesion [9]. This is done by obtaining a
series of T1- T1-weighted acquisition between 5 and 7 minutes
after contrast material administration [10,11]. In the case of
leaky vessels of invasive malignant lesions, rapid enhancement
in the early phase and fast contrast washout are observed
[12]. In benign lesions with less-permeable vessels, the
contrast gradient over the vessel wall will still be positive, and
therefore the enhancement of the lesion still increases in the
later contrast-enhanced scans. This is reflected in the shape
of the time-signal intensity curves. A persistent increase
(type 1 kinetic curve) refers to progressive enhancement and
is commonly associated with benign lesions in 83 % of cases.
Type 2 curve is a plateau pattern (6 — 64 % association with
malignancy) whereas a washout curve demonstrating initial
increase and rapid washout is characteristic of a malignant
lesion (33 - 85 % association with malignancy). Finally, the
pre-and postcontrast axial T1images are reviewed. Subtraction-
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reconstructed images are based on the same principles as digital
subtraction angiography. Fat does not enhance post-contrast
sequences and using subtraction essentially cancels out all
the fat signals on the T1 images leaving behind the enhancing
areas, i.e., masses, lymph nodes, and blood vessels. The T1
images are also excellent for evaluating intraductal blood and
lymph node morphology, identifying the benign fatty hilum of
normal lymph nodes [13].

The sensitivity and specificity of all existing imaging in
breast cancer detection is limited to around 70 %, due to both
clinical and technical factors [14-16].

Although breast MRI has an established role in the
surveillance, workup, staging, and follow-up of breast cancer,
there are some difficulties in breast MRI interpretation, such
as background parenchymal enhancement due to hormonal
stimulation or proliferative fibrocystic disease and lesion
characteristics such as small lesion size and non-mass type
[17,18], as well as acquisition-related motion artifacts,
which may significantly hamper image quality. While patient
movement during image acquisition may have several
consequences,1 such as blurring and ghosting [19,20], motion
between dynamic acquisitions is most relevant in breast
MRI. An anatomical shift between pre- and post-contrast
acquisitions leads to typical artifacts on subtracted images:
either subtraction of parenchymal (isointense on T1-weighted
[T1W] images) from neighboring fatty (bright on T1iW) tissue
or vice versa. As a result, pseudo-enhancement and signal
blackout occur that may simulate or mask lesions [19]. These
artefacts might either hide suspicious findings or mimic
them, leading to misdiagnosis or unnecessary follow-up or
complementary examinations (e.g., second-look ultrasound,
MRI rescanning, or short-term follow-up).

While image subtraction and dynamic measurements are
the main requirements for optimized breast MRI, these images
are susceptible to motion artefacts, partial volume effects,
and low-fat suppression [21]. Motion is considered the most
relevant cause of artefacts in breast MRI potentially leading
to degraded image quality or rendering studies completely
non-diagnostic, even if the protocol itself is technically
optimal [22]. Effects on signal intensity, conspicuity of moving
structures, as well as general blurring, can obscure real lesions
or create fabricated findings - pseudo lesions. Both physiologic
and non-physiologic movement can cause artefacts in the
phase-encoding direction. Physiologic motion can be caused by
fluid, including pleural fluid or blood in the vessels: this type
of motion-related artefact is challenging to eliminate, but its
effects can be minimized if the phase-encoding direction is in
the left-to-right direction [23]. Physiologic motion, typically
caused by respiration and cardiac motion, and non-physiologic
motion due to anxiety and discomfort [24] also results in
unsatisfactory image quality due to breast displacement
between the acquisition of unenhanced and contrast-enhanced
images, generating misregistration artefacts on subtracted
images. Non-physiological artefacts can be influenced by
calming patients, giving them a sense of confidence, and
informing them of all the next steps to achieve artefact-free

images [25].
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It is rather important to inform patients how the breast MRI
examination is being done, in order to prepare them, improve
patients' compliance, and decrease patients' discomfort.
Explaining the importance of lying still during the examination
is very important in the preparation routine. Radiology staff
should use blankets and earmuffs to improve patients' comfort
further.

An important reason for patient motion is contrast
administration. Contrast administration may lead to
discomfort, feeling of tingling and warmth, and even some
pain in the arm the contrast was administered to. If it appears
suddenly, with no verbal warning, it may cause arm yanking,
with all the muscle movements that go along, including
pectoral muscle shift. Pectoral muscle shift may move breast
tissue, resulting in motion artefacts on the subtraction
reconstructed images, as explained before. We presumed that
gentle verbal warning of patients before starting and right after
finishing the nonenhanced sequence, which precedes contrast
enhancement, may prevent hand yank, and decrease motion
artefacts. Furthermore, if patients would have had expected
pathology in the single breast (e.g. in case of the pre-surgical
staging of the breast cancer) we might administer a contrast
agent in the contra-lateral arm in order to decrease movement
artefact in the breast of interest.

The aim of the study was to determine the influence of the
contrast agent injection side and improve communication with
patients to motion artefacts on subtraction reconstructions
in order to prove that unexpected events may cause non-
physiological movement resulting the motion artefacts, and
that well-timed warning may decrease such artefacts.

For the implementation of this study, each patient signed
a handwritten informed consent for breast MRI in which she
agreed to the examination and the application of gadolinium
contrast. The Ethics Committee of Dr. Juraj Njavro Vukovar
National Memorial Hospital gave written approval for
conducting research in that institution.

Materials and methods

A prospective cohort analysis of contrast-enhanced breast
MRI examinations carried out between July 2019 and May
2020 was performed in the Department of Radiology, National
Memorial Hospital Vukovar. All breast MRI examinations
were performed on a 1.5T magnetic field strength system
(Avanto by Siemens Healtheneers, Erlangen, Germany), with a
dedicated breast array coil system (8 channel coil by Siemens
Heatheneers, Erlangen; Germany) with an image matrix of
384x288. MRI protocol included: axial T1 spin-echo, axial
T2 TIRM, and axial T1 SPAIR dynamic study. Ti-weighted
sequences are useful for detecting the presence of a fatty
component within a lesion, which is also a significant aspect
in predicting its benign nature [26]. T2-weighted sequences
with fat saturation are useful for detecting mass lesions and
cysts. In the T1 SPAIR dynamic study, an unenhanced image
was obtained during 60-second scanning. After an unenhanced
image, contrast media (gadoterate meglumine) intravenous
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injection was applied during a 30-second pause through an
automatic injector (Accutron MR by Medtron AG, Germany).
After that pause 5 subsequential one-minute long contrast-
enhanced T1 SPAIR dynamic scans were obtained. Standard
subtraction images were reconstructed by subtracting the
precontrast images from the following postcontrast images on
a pixel-by-pixel basis [27]. No breast compression was used
during the examination as recommended by the European
Society of Breast Imaging (EUSOBI) [28].

The study included 156 patients who were regularly
scheduled for an MRI examination and had standard
examination consent filled in prior to the examination. All
patients were routinely informed of the examination and were
told that the technical quality of breast MRI depends on their
compliance. Men were excluded from this study. Our patients
were between 27 and 87 years old.

They were advised to breathe normally during the
examination, stay still, and remain calm upon contrast
administration which can be felt as a warm, sometimes slightly
burning sensation in their arm. Cannula for contrast application
was introduced to the cubital vein and contrast application
arm was noted for each patient. The first group of patients
didn't receive any further information regarding the exam,
and they weren't communicated with before or during contrast
administration (unwarned patients group). The second group
of patients (the warned patients group) received a contrast
application warning through noise-canceling headsets that
enabled one-way communication from the radiology technician
to the patient. Accordingly, they were verbally alerted before
the unenhanced dynamic sequence would start, as well as upon
its ending, i.e. right before intravenous contrast application.
They were explained this protocol before the examination
started.

A clinical radiology specialist with 17 years of specialist
experience in breast imaging measured movement artefacts
at workstations with minimally two 3MP medical graded
monitors in hospital picture archiving and communication
system (Infinitt PACS, Infinitt Healthcare, South Korea).
Only patients with whole five dynamic subtraction sequences
were included in the study. Displacement of the edge of the
pectoral muscle was considered to be a constant parameter
that shows the intensity of movement artefacts: the larger the
displacement, the lower the diagnostic quality of the image. The
displacement of the edge of the pectoral muscle, or the pectoral
shift, in millimeters in the anteroposterior and lateral-lateral
directions, were measured presuming that anteroposterior
shift is harder to cancel since breathing movement considerably
contributes to it. The pectoral shift was measured on the most
orthogonal slice to the pectoral muscle. We considered only one
reader to be enough since the measurement of pectoral muscle
shift is a simple operation demanding no special training, and
is expected to be uniform.

Statistical analysis was performed using Statistica software
(v13.5, 2018) by TIBCO. Mann-Whitney test was used to test the
differences with the p<0.05 considered statistically significant.
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Table 2: Motion artefacts in warned and unwarned women.

Results
Motion artefact/mm UNWARNED PATIENTS WARNED PATIENTS
156 patients underwent breast MRI in one year period from 0 267 361
July 2019 to May 2020. Patients were scheduled due to pre- 1 222 346
surgical staging, evaluation of neo-adjuvant therapy, nipple ) a7 368
discharge, problem-solving, high-risk patient screening, and
occult carcinoma search. 10 of them were ruled out of the 3 152 156
4 86 61

study regarding short protocol with only two post-contrast
scans. 71 of them were warned before the dynamic sequence 5 and more 156 128
started (before non-enhanced scanning), as well as right
before injecting contrast agents (warned patients - WP), and
75 of them didn't receive any warning for contrast application
(unwarned patients - UWP).

Table 3: Pectoral shift AP versus LL in unwarned and warned women.

Pectoral shift between AP vs. LL p-value

UNWARNED 0.064

Women included in the study were aged 27 to 87 (WP 27 to WARNED 0.002

80 years old, UWP 30 to 87), mean age of 52 (WP 51.1, UWP 52.8
years old). There is no statistically significant difference in age

i Table 4: Artefacts regarding the side of contrast agent administration (CAA).
between warned and unwarned groups of patients (p=0.35)

: UNWARNED WARNED
(Table 1). Breast CAA side ValidN  Median  ValidN  Median
. L. . Same side 750 2.00 710 2.00
If patients are divided into two age groups (younger than Opposite side 750 1.00 710 1.00

50, and 50 and older), pectoral shift showed to be larger for
patients older than 50 in both warned (p=0) and unwarned

Variable: Motion artefact/mm

groups (p=0). 36
34

Mann Whitney U Test showed a statistically significant 32
difference between warned and not warned women - the motion 30
artefact proved to be smaller in warned women (p=0.001) with 28

2,6
2,4

no artefacts observed in 361 warned, and only 267 in unwarned

women (Table 2).
2,2

Motion artefact/mm

There is no statistically significant difference in motion 20
artefact size between AP and LL for unwarned patients e
(p=0.064), but there is one for warned patients. Motion artefact ke @
is larger in AP projection than in LL projection for warned

patients (p=0.002) (Table 3).

1.4
1.2

1,0

AP1  AP2 AP3 AP4 AP5 LL1 LL2 LL3 LL4 LL5 Em:z:tSE
70 women received contrast agents in their left arm (30 Subtraction T Meanz196SE

warned women, 40 unwarned ones), and 77 of them in the Figure 1: Motion artefacts in relation to the sequence ordinal number in unwarned
right arm (42 warned women, 35 unwarned ones). Artefacts women.

proved to be smaller on the contra-lateral side of the arm the

contrast was injected into (Table 4). Variable: Mofion artefactmm
32
Artefacts showed to be larger on the later dynamic scans 30
in both directions in the unwarned women group (Figure 1), "
and the same trend was observed in the warned group as well '
(Figure 2). 28
. - oo £
Unwarned patients showed similar artefact size in 3
millimeters in both directions - no statistically significant g
. . . €
difference was found in the antero-posterior and latero-lateral " 20
direction in this group (p=0.064). On the other hand, the 2
. - . . L 518
pectoral shift was larger in the antero-posterior direction in
comparison with the latero-lateral movement of the pectoral 16
muscle in warned women (p=0.002). 14
12
Table 1: Age distribution in warned and unwarned women. 10 e
APT AP2 APY APA APS LLT L2 L3 L4 LU
AGE ValidN Mean Median Minimum Maximum Range Std.Dev. ’ ° ’ > [ MeansSE .
Subtraction T Means1,96'SE
UNWARNED 75 5281 52 30 87 57 11.22
Figure 2: Motion artefacts in relation to the sequence ordinal number in warned
WARNED 71 5109 52 27 80 53 11.12 D

016
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Discussion

Previous studies showed that motion artefacts are the most
frequent and maybe the most important artefacts affecting
breast MR image quality [29]. In our study, 628 scans showed
no pectoral muscle shift in any direction, 1553 scans showed
minimal shift (1 to 2mm) probably due to breathing, while 739
showed larger pectoral movement (Table 2).

Our study showed that verbal warning before starting
and upon ending the first, unenhanced, dynamic sequences,
significantly decreased movement artefacts (Table 2). Larger
motion artefacts in unwarned women are probably due to the
unexpected discomfort of contrast application (Figure 3). A
surprising discomfort induces avoidance and escapes instinct
through thoracic movement in between two scans, which
causes motion artefact on subtraction reconstruction images.
Warned women expected the discomfort in advance and readily
put up with it with less body movement (Figure 4). There are
no papers quantifying the importance of additional patient
contrast administration warnings in order to decrease these
unfavorable events published to our knowledge.

An interesting fact is that unwarned women showed the
same amount of pectoral shift in both antero-posterior and
latero-lateral directions. However, warned women showed
a greater amount of pectoral shift in the antero-posterior
direction than in the latero-lateral (Table 3). Breathing
contributes significantly to antero-posterior pectoral shift, it
cannot be avoided, therefore antero-posterior motion artefacts
decrease showed to be less susceptible to a verbal warning as
opposed to a latero-lateral shift.

Furthermore, we have proved that motion artefact are
significantly larger on the breast ipsi-lateral to contrast agent
administration arm (Table 4). The reason may be the same:
instinctive avoidance of the discomfort is more prominent on
the side of the body the contrast is administered to, thus the
artefacts are larger on that side (Figure 5,6).

This concurs with one previously published study [30]
which reviewed contrast administration laterality with breast
MR motion artefacts relationship. Motion artefacts were
studied in three subjective categories (optimal, no reduction of

Figure 3: Diagnostically significant pectoral shift in unwarned patient after contrast

application on subtraction reconstructions on both sides.
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Figure 4: No pectoral shift after warning on subtraction reconstructions.

Figure 5: Stronger motion artefacts on the right breast - contrast was administered
in the right arm.

Figure 6: Large pectoral shift both in AP and LL direction after contrast was
administered in the left arm.

diagnostic power, and reduction of diagnostic power), while we
quantified motion artefacts measuring the post-contrast shift
of pectoral muscle on the subtraction reconstructed images in
millimeters, which we found a more unbiased indicator.

Motion artefacts were larger in women older than 50 than
in the younger group which shows that physical fitness plays
an important role in keeping still for the time of scanning.
The next argument supporting this fact is that artefact would
increase in almost all patients in the later dynamic sequences
during the scanning. This is in line with a study advocating
shorter protocols in order to reduce motion artefacts [31].

This research was conducted on a single MR machine
and we've found that a major limitation of our study. The
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multicentric fashion of the study would be preferred in order
to exclude particular MR scanner influence on results.

Regarding the listed data and the results of this study,
we can safely conclude that warning patients of the contrast
administration at the right time reduces motion artefacts
significantly. These results made us implement the described
warning in the standard breast MR protocol in our hospital.
However, bear in mind how important is to properly explain
breast MR protocol before placing a patient into the MR gantry,
and to let the patients know why and what are we warning
them about. It does take a few minutes more per examination,
but it showed to be worth it due to much better breast MR
image quality.

The other repercussion of this study is wiser contrast
administration laterality selection. If we expect pathology in
one breast (e.g. left one), we should choose to apply contrast
agent to the contra-lateral arm (right one in the previous
example), since patients showed greater pectoral muscle
movement on the contrast agent administration side.

Conclusion

The motion artifact on the breast MRI is smaller on the
contralateral side in the arm that has the canulla attached. The
shift is smaller in the earlier sequences, which confirms the
theory of implementing shorter protocols. Good communication
and detailed explanation of the examination process reassures
the patient, reduces movement artifacts and ultimately brings
better quality images.

Take home message

Place the canulla in the contralateral arm on the side of the
breast in which the lesion is of interest. Explain to the patient
the course of the examination and announce when the contrast
will be applied in order to reduce motion artifacts and improve
the quality of the images.
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