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Female pelvic disorders

Female pelvic disorders have a profound impact on wom-
en’s quality of life and overall health outcomes. Among
the most prevalent and clinically significant female pelvic
disorders are endometriosis, ovarian cancer, and uterine
and cervical cancer.

Endometriosis is a chronic condition characterized by
the presence of endometrial-like tissue outside the uterine
cavity, which leads to inflammation and scar tissue forming
in the pelvic region and sometimes elsewhere in the body.
It affects an estimated 10% of women of reproductive age
globally. Endometriosis often leads to debilitating pelvic
pain, infertility, and a reduced quality of life. Accurate diag-
nosis remains challenging due to its variable presentation
and non-specific symptoms, contributing to diagnostic
delays that can span years [1].

Ovarian cancer, one of the leading causes of cancer-
related deaths in women, is frequently diagnosed at
advanced stages due to the asymptomatic nature of early
disease. Timely and precise imaging is essential for differ-
entiating benign from malignant lesions and for guiding
surgical and therapeutic interventions [2, 3].

Cervical cancer, which is preventable through vacci-
nation and screening, continues to impact women globally,
particularly in regions with limited access to preventive
healthcare. Imaging plays a critical role in staging the
disease, assessing tumor extent, and evaluating treatment
response, all of which are key determinants of patient
outcomes [4].
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MRI is a key tool for assessing female pelvic disorders: It
provides a comprehensive evaluation of the pelvis, helps
detect features of malignancy, and enables assessment of
extrapelvic involvement. This article reviews current MRI
techniques for female pelvic disorders, emphasizing proto-
col optimization guided by the recommendations of the
European Society of Urogenital Radiology (ESUR) [5, 6].

Guidelines from the European Society
of Urogenital Radiology

As for many other body regions, specialized professional
organizations provide guidance on how to perform pelvic
imaging examinations. With the syngo MR XB10 software
from Siemens Healthineers, we introduce some new
pelvic MRI protocols and workflows that were developed
according to the ESUR guidelines [5, 6]. As far as gyneco-
logical examinations are concerned, there are two new
dedicated workflows in the Siemens protocol tree: A uterus
workflow and an ovaries workflow. Both workflows include
a set of TTW, T2W, DWI, and various protocols for contrast
agent usage, where the parameters have been optimized
for gynecological imaging, as recommended by the ESUR.
On the one hand, the Siemens tree is intended to
provide users with robust protocols with a reasonable
scan time that can be used out-of-the-box without further
adaptations. On the other hand, whenever possible,
protocols are developed in a way that allows them to
be easily adapted — to increase resolution or decrease
acquisition time, for example.
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Uterus workflow
Proper angulation that follows the anatomy of the uterus
is important in gynecological imaging to allow for reliable
image interpretation. Instead of the transversal and coro-
nal orientations, we decided to use a long-axis (LAX) and
a short-axis (SAX) approach in the uterus workflow. In the
uterus coordinate system, LAX means that the slices are
positioned along the uterus body, whereas SAX means
that the slices are positioned perpendicular to the uterus
body. To make the examinations more reproducible, we
introduced guidance images for all protocols utilizing these
new orientations (Fig. 1).

After the conventional three-plane localizer, the
uterus workflow (Fig. 2A) continues with a focused sagittal
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T2W protocol, which also helps position LAX and SAX
protocols more precisely. The next protocol is T2W SAX,
which, together with the sagittal protocol, is mandatory
according to the ESUR guidelines for endometrial cancer
staging. The T2W LAX protocol is provided as an option
in the same protocol folder. The DWI series should mirror
the T2W SAX protocol positioning, so a copy reference
with the “slices” option is used. The contrast-enhanced
series are represented by a dynamic protocol with a time
resolution of 10 seconds and a single-phase high-resolu-
tion post-contrast protocol. The ESUR also recommends
T2W and DWI protocols with a bigger coverage for lymph-
node evaluation. These are available in a separate library
folder [5].

x (Shorfax

Position slice block perpendicular to the uterus cavity on sagittal and transversal/coronal views.
Make sure that Phase Encoding Dir. is R >> L as a final check before running the protocol.

Position slice block along the uterus cavity on sagittal and transversal/coronal views.
Make sure that Phase Encoding Dir. is R >> L as a final check before running the protocol.

n (1A) Protocol guidance for short-axis (SAX) positioning of the uterus. (1B) Protocol guidance for long-axis (LAX) positioning of the uterus.
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Ovaries workflow

The ovaries workflow (Fig. 2B) also starts with a conven-
tional three-plane localizer and a sagittal T2W protocol.
As there is no specific recommendation on the orien-
tation for the remainder of the protocols, we use trans-
versal by default, but this can be changed by the user.

A T2W and a T1W Dixon series follow, the latter providing
in-phase and opposed-phase images for microscopic fat
definition. The DWI utilizes a higher b-value (1000 s/mm?)
compared to the uterus DWI protocol in order to enable
higher contrast of lesions [7]. The dynamic and single-
phase high-resolution post-contrast series are the same as
in the uterus workflow.

Deep Resolve

All T2W and DWI protocols from both the uterus and
ovaries workflows are also provided in their accelerated
version using the Al-accelerated technique Deep Resolve'
and are stored in the Deep Resolve library. In a nutshell,
Deep Resolve allows to reduce scan times while maintain-
ing, or even improving, image quality.
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Further protocol details

The protocols described above are also provided without a
specific orientation. These can be rotated as required, with
guidance on how to select the appropriate phase-encoding
direction.

In software version syngo MR XB10, we also intro-
duced new large field of view protocols (overview proto-
cols) for the whole pelvis with different contrasts, fat
suppression techniques, and orientations. These are
available in a separate library folder. Most of the overview
protocols have a slice thickness of 4 mm, whereas the
focus protocols have 3 mm slices for both 1.5T and 3T.

T2W protocols use a high parallel imaging factor of 4,
even in the versions without deep-learning acceleration.
The high parallel imaging factor, combined with the high
number of averages (4 or even 5 for certain systems) helps
to significantly reduce motion artifacts, which are typically
induced by bowel movement. Whenever possible, the
phase resolution is kept at (or close to) 100%. Although

'Deep Resolve requires a dedicated software license.

Uterus with . Ovaries with
Uterus Ovaries
Deep Resolve Deep Resolve
MAGNETOM Sola (1.5T) 14:06 min 10:46 min 15:49 min 12:10 min
MAGNETOM Vida (3T) 13:53 min 9:07 min 15:23 min 11:09 min

Table 1: Acquisition time reduction enabled by Deep Resolve for the uterus and ovaries protocols at both 1.5T and 3T.
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2B overview protocols are in library

ep2d_diff_b50-1000_tra

t1_vibe_dixon_tra_high-res

(2A) Overview of the uterus workflow.
(2B) Overview of the ovaries workflow.
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T2W imaging of the uterus body (sagittal, short axis, and long axis): conventional TSE, 3:36 min (3A), TSE with Deep Resolve, 1:54 min (3B),
TSE BLADE, 3:29 min (3C).
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DWI of the uterus body/ovaries (short-axis view, (4A) b50, (4B) b1000, (4C) ADC): conventional echo planar imaging (EPI), 4:06 min (4A-4C);
EPI with Deep Resolve, 3:06 min (4D-4F).

A

T1W imaging for dynamic contrast enhancement of the uterus body and ovaries (sagittal, short axis, and long axis), 10 seconds per phase.
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using reduced phase resolution would help increase the
signal-to-noise ratio (SNR) and reduce scan times simul-
taneously, we found that this has a significant negative
impact on image sharpness. Since pelvic examinations
often suffer from artifacts due to bowel motion, focus
T2W protocols are also offered using the BLADE technique,
which is more robust towards motion.

All DWI protocols use a 3D diagonal scheme to
increase image sharpness, since there is no indication
of anisotropic diffusion in the pelvic region, except in the
prostate. For the same reason, when scan time allows,
the phase resolution is kept at 100%, and partial Fourier is
either off or set to the minimum. Deep Resolve protocols
should always be used with maximum phase oversampling
to avoid aliasing induced by the SENSE-based recon-
struction. To compensate for the echo time increase of
the increased phase oversampling, a parallel imaging
factor of 3 is used.

Protocols for dynamic contrast enhancement must
have a time resolution below 10 seconds while preserving
a reasonable spatial resolution. The main change com-
pared to previous protocol versions is a new CAIPI scheme
using only 1 in the phase-encoding direction, but 4 in the
slice direction with a shift of 2. This approach helps avoid
aliasing in the phase-encoding direction, which usually
appears in the middle of the image in correspondence
with the region of interest. To reduce motion and third-arm
artifacts, the flip angle was slightly decreased, and the
receiver bandwidth set to the maximum. To improve SNR,
reduced by fat suppression and by the high temporal and
spatial resolution, prescan normalize was switched off.
Even though this might result in imperfect fat suppression
in the periphery of the image, it does not affect the region
of interest.

Conclusion

Accurate and timely diagnosis of female pelvic disorders

is essential for improving patient outcomes and quality of
life. MRI plays a pivotal role in this effort, offering detailed
anatomical and functional information that supports diag-
nosis, staging, and treatment planning. By aligning with
ESUR recommendations, the new uterus and ovaries work-
flows introduced in the syngo MR XB10 software provide
standardized, high-quality imaging protocols tailored to
gynecological needs. In addition, Deep Resolve can be
applied to further accelerate scan times while maintaining

Women'’s Health

high image quality — enhancing patient comfort and work-
flow efficiency. With these advancements, MRI continues
to evolve as a key pillar in the evaluation and management
of female pelvic health.
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