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Abstract

metabolic changes associated with cerebral and systemic diseases, leveraging the calculation of compounds with exchangeable

Objective The chemical exchange saturation transfer (CEST) technique has become a valuable tool in diagnosing
protons in proximity to water molecules. Specifically, the amide proton transfer (APT) CEST technique has shown promise in
diagnosing cerebral strokes and tumors by comparing altered endogenous proteins or peptides with normal tissues. Reduced field of
view (rFOV) imaging technology has been widely used in the diagnosis of small organ lesions in the body. In this study, we aim to
apply the rFOV imaging to identify CEST signals in the rectum, investigating the potential utility of rFOV technique in clinical
diagnosis of rectal diseases and providing metabolic insights for chemoradiotherapy. Methods MRI images of eleven healthy
volunteers were acquired using transverse Full FOV and rFOV CEST imaging on a 3T scanner. The resolution was set at 2.5%2.5x
6 mm? and 1.5x1.5x6 mm? for Full FOV or the rFOV method. Saturation powers of 0.7 uT and 2 uT were applied. For the 2 uT
saturation, MTRasym at £3.5 ppm was employed, while for 0.7 uT saturation, Lorentzian difference was used for CEST
quantification of the contrast maps and curves. Results The rFOV method has the advantage of halving the scan time while
maintaining the same contrast as the Full FOV method. When compared to Full FOV methods, rFOV methods exhibited nearly
identical Z spec and very similar MTRasym curves. Additionally, rTFOV with a 1.5 mmx1.5 mm in-plane resolution could be
achieved in approximately 3 min. tTFOV method displayed better structural details for the entire rectum, including CEST contrast
maps and quantitative curves. Conclusion CEST MRI proves valuable in diagnosing rectal diseases, and employing the rFOV
technique could provide higher spatial and temporal resolution. CEST MRI should be the preferred choice for offering improved

diagnostic capabilities with its potential for rectal disease diagnosis.
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role of MRI mainly focus on the assessment of local
grading of rectum cancer, the selection of patients for
the treatment of neoadjuvant chemoradiotherapy
(CRT), help for formulate the surgery plan, monitor
the tumor regression and evaluate therapeutic effects
of the surgery operation or CRT. MRI has been
widely used in diagnosis of the rectum cancer for the
with
accurate imaging modality for local staging, while

non-invasive and high-contrast of tissues
computed tomography (CT) and positron emission
tomography (PET)/CT are more useful in detecting
distant recurrence of the rectum cancer™. Although
the anatomical MRI images could provide high-
contrast and high-resolution images'*, it is hard to
determine the grade of rectum cancer in metabolic
aspect.

Magnetization transfer (MT) imaging method
had been used to detect the intestinal fibrosis in an
animal model of the Crohn disease™. In this research,
the authors proved that the MT ratio was higher in the
Crohn disease rats than the control animals and could
help to monitor the changes in fibrosis and the natural
history of the Crohn disease. However, they haven’t
proven what were the specific substance which
brought the MT effect and the results had been
affected by the artifacts caused by the bowel
movements or breath severely.

Chemical exchange saturation transfer (CEST)
imaging is a promising molecular MRI technique and
has been used in the rectal diseases!”. By calculating
the average amide proton transfer imaging (APT)
signal intensity (SI), we could predict tumor grade in
rectal cancer groups!”. APT imaging can also predict
the tumor response to neoadjuvant chemotherapy
(NAC) in rectal cancer patients™. However, when
using the Full-FOV  method for
acquisition, there is a poor signal-to-noise ratio and is
easily affected by artifacts caused by intestinal
peristalsis.  The  reduced-field-of-view  (rFOV)
technique had shown its superiority in imaging small-

conventional

sized organs, for shortening scan time, increasing
resolution and reducing artifacts caused by field
inhomogeneity and motion®'". rFOV technique uses
the 2D spatially selective excitation pulses to excite a
small inner volume in the phase-encoding direction
and the phase-encoding steps should be reduced in
large scale!'"?. tFOV would improve accuracy of
measurements while compare with the Full FOV

sequence on the same scan duration'”’), Liu et al.!” '
has used the rFOV method in the human lumbar
intervertebral discs and the rFOV method showed
superior reproducibility and got more reliable results.
In this study, we examined the performance of
the rFOV readout technique in the rectum tissue of
eleven healthy volunteers in comparison with the
Full FOV CEST method on a 3T clinical scanner. We
use two different B1 (0.7 puT and 2 pT) and two
different reduction degrees on the phase-readout
direction (60 mm and 90 mm), to receive the CEST
quantification of the contrast maps and the curves of
MTRasym at +3.5 ppm for 2 uT saturation and the
Lorentzian difference(LD) results in 0.7 puT saturation.

1 Materials and methods

1.1 Healthy subjects

Eleven healthy volunteers (male, mean age
40.6+9.5 years) with no symptoms caused by rectum
diseases were recruited at Tsinghua University. The
research was permitted by the Medical Committee of
Science and Technology Ethics Committee of
Tsinghua University (ID: THUO01-20230104) and
informed consent was received from all of the
volunteers.
1.2 MRI protocol

Eleven healthy volunteers underwent rectum MR
examination with written informed consent signed
before participation. MR scans were performed on a
3T scanner (Ingenia CX 3.0T; Philips Medical
Systems, Best, the Netherlands), using a 16-channel
torso coil and a 12-channel posterior coil as the
receivers. A transverse plane crossing the rectum
center was chosen for both Full FOV readout and the
rFOV readout. The MRI protocol includes the T1-
weighted, T2-weighted and APT sequences with the
of the Full FOV and the rFOV technique which were
performed after the localizer. The acquisition
parameters of Full FOV CEST scans with the single-
shot spin-echo Turbo-Spin-Echo (TSE) sequence
were: FOV=230x320 mm?, slices=1, thickness=6 mm,
TR=5 600 ms, TE=7 ms, resolution=2.5x2.5x6 mm>,
two sets of fFOV were acquired, with FOV of 230x
90 mm’ and 230x60 mm? in-plane resolution of
2.5%2.5x6 mm® (rfFOV_2.5 mm) and 1.5x1.5x6 mm?®
(rFOV_1.5mm) respectively. The rest parameters of
all datasets are shown in Table 1.
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Table 1 Parameters of the Full_FOV and rFOV APT images of the healthy volunteers
Sequence type B1/uT Voxel_size/mm?® FOV/mm® Total scan time
Full FOV 2 2.5%2.5%6 230%320 03:38
rFOV_2.5 mm 2.5%2.5%6 230%90 01:52
rFOV_1.5 mm 1.5x1.5%6 230%60 01:52
Full FOV 0.7 2.5%2.5%6 230%320 06:15
rFOV_2.5 mm 2.5%2.5%6 230%90 03:10
rFOV_1.5 mm 1.5x1.5%6 230x60 03:10

1.3 Pulse sequence

CEST image was achieved by using an adjusted
sequence based on the APT patch with TSE readouts,
in combination with Philips rFOV technique. Briefly,
after a 2-second
preparation, TFOV only read signal selectively at the

long off-resonance saturation

crossing section of a 90 deg excitation slab and a 180

(@

3D Saturation Prep. (#,~seconds) _‘

deg refocus slab that had an angle in between (Figure 1).
Two series of CEST Z spec data were acquired, one
with saturation power of 0.7 pT and 33 offsets
distributed from —10 ppm to +10 ppm, another with 2
uT saturation and 19 offsets from —4.5 ppm to +4.5
ppm with 0.5 ppm step size, one image without
saturation (S0).

rFOV
readout

gradient | TR :Il
signal s
(b) . Reduced
90 FOV
Excited -
pulse Q\
180°

Refocus pulse

Fig. 1 Schematic diagram of the reduced field of view imaging sequence

(a) The continuous wave (CW) readout method for CEST imaging. (b) The rFOV method employed in this research.

1.4 Data process
All data underwent processing using custom-
written MATLAB scripts, utilizing MTRasym at
35ppm for CEST quantification. Moreover, for
0.7 uT saturation, the Lorentzian difference was
employed for both contrast maps and curves. The
magnetization transfer ratio (MTR) asymmetry at
3.5 ppm was calculated as follows:
MTRasym (3.5 ppm) =
Ssat(—3.5 ppm) — Ssat(3.5 ppm)
0 (D
The terms “Ssat” and “S0” represent the water
signal acquired with and without the pre-saturation

RF pulses, respectively. The Lorentzian difference
was defined as follows:

LD(Aw) = 4

2
w, -
w1+ ——
o

Where wl represents the frequency offsets from the

- Z_spec  (2)

water resonance; A, w, and o denote the amplitude,
frequency offset, and linewidth of the CEST peak for
the proton pool, respectively.

2 Results

This presentation showcases CEST images and
spectra for a saturation B1 strength of 2 uT. The
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layout includes comparisons of three acquisition
sequences (Full FOV, rFOV_2.5 mm, and rFOV_
1.5 mm) with specific focus on SO images, overlap
results with Z_spec images at Z(-3.5 ppm), Z(3.5 ppm),
and MTRasym(3.5 ppm). Note that pseudo-colored
images only display the reduced rectum region for
better comparison (Figure 2). The contrast maps and
the quantitative curves of the whole rectum region,
using a 2 uT saturation power employed by the
standard APTw protocol. It proved that tFOV could
reduce the scan time by half while kept the same
contrast as the Full FOV method. Furthermore, a
FOV with a
resolution could be completed within 3 min and
displayed better structure details of the rectum (Figure

smaller 1.5 mmx1.5 mm in-plane

(a) S0 Z(-3.5 ppm)

2). Furthermore, compared with Full FOV methods,
rFOV methods displayed almost identical Z spec and
very closed MTRasym curves, that averaged for the
entire rectum.

The application of CEST sequences (LD _APT,
LD _Amine, LD G-amine, LD PCr, and LD NOE)
with a Bl strength of 0.7 uT for rectum imaging
showed the Z spec results highlight distinct signal
changes within the specified ppm range, and the rfFOV
results are approximately consistent with the
Full FOV method while only cost half of the time
used by the Full FOV. Additionally, LD results across
all rFOV
consistently exhibit more stable signals (Figure 3).

three methods indicate that images

Z(+3.5 ppm) MTRasym

Full FOV
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Fig. 2 CEST images and spectra for saturation B1 strength of 2 nT
(a) CEST images for three different acquisition sequences, Full FOV (row /), tIFOV_2.5 mm (row 2) and rFOV_1.5 mm (row 3). From left to right,
SO0 with the actual acquired size, the overlap results between the SO and the Z spec image at 3.5 ppm (Z(-3.5 ppm)), Z(3.5 ppm) and MTRasym
(3.5 ppm). Noted that for the pseudo-colored images only reduced rectum region is displayed for comparison. (b, ¢) The averaged Z spec and
MTRasym curved of the entire rectum, Z spec showed the good consistency among the three methods. The rFOV methods stand for higher

MTRasym results while compare with the Full FOV method.
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Fig.3 The Z_spec and LD results of the three methods
(a) CEST sequences (LD_APT, LD Amine, LD G-amine, LD _PCr, and LD NOE) with a Bl strength of 0.7 uT for rectum imaging. (b) Z spec
results of the three sequences shows the obviously signal changed in the +3.5 ppm, and the rFOV results are approximately consistent with the

Full FOV method while only cost half of the time used by the Full FOV. (c¢) LD results of the three methods shows the rFOV images indicated the

signals are more stable.

3 Discussion

On the Philips 3T Ingenia MRI system platform,
a multi-saturation conditional dynamic saturation
reading sequence has been developed. The parameters
have been optimized for rectum scans in transverse
plane imaging. The widely used APT sequences, the
quantification, specificity, and contrast-to-noise ratio
of MRI images have seen substantial improvements
on a large scale. By using a small B1 (B1=0.7 uT), the
Z spec can be obtained within 2 min. Amide proton
signals, amine proton signals from protein or peptide
components, and even the NOE signal reflecting lipid
composition can be quantitatively separated by

Lorentz difference. The rFOV technique, at the same
resolution, expends half the time of the Full FOV
method. Traditional Full FOV imaging scans are time-
consuming, and they are susceptible to the impact of
intestinal peristalsis and respiratory movements,
resulting in noticeable motion artifacts. In this study,
we opted for two distinct small field of view imaging
sizes, namely 90 mm and 60 mm. This choice was
primarily guided by the average width of the human
pelvic cavity and the specific volume of the rectum.
The actual FOV window size for MRI scans is
determined based on the real volume of small pelvic
organs, aiming to enhance the clinical applicability of

the approach.
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Furthermore, a reduced-FOV CEST imaging
technique for the rectum has been developed and
evaluated. This method utilizes 3D saturation pulse
excitation, and a classic reduced field of view reading
technology is employed for readout. Specifically, in
gradient selection at different refocusing angles of 90
degrees and 180 degrees using fast spin echo
sequences. This approach, especially beneficial for
scanning small pelvic organs like the rectum, results
in reduced scanning time and improved spatial
resolution. The image consistency between the
reduced field of view CEST spectrum and map and
the full field of view has been verified at different
saturation intensities. The reduced field of view
allows for higher spatial resolution and fewer motion
artifacts caused by bowel movements or breaths.

Some limitations exist in this study. Firstly, it
was conducted in a single institution with not enough
number of volunteers. More healthy volunteers and
patients with rectum cancer should be involved to
further enhance its clinical value. The Z-spectrum and
MTRasym curves, which capture the essential
characteristics of rectal diseases, are not thoroughly
comprehended. The code for processing the data
remains unpublished and is currently undergoing
further should be

conducted to optimize the parameters of the RF pulses

refinement. Phantom tests
and B1 value. Saturation time and B1 strength need
further refinement for better CEST signals. Bl-
correction is crucial for evaluating CEST images,
especially at high field strengths with strong Bl-
inhomogeneities!'”!. Secondly, considering that many
reported papers use the DWI sequence to diagnose
rectum diseases, we should add the DWI sequence as

a better contrast method to verify CEST results.
4 Conclusion

rFOV sequence could offer both superior signal
quality and efficiency in rectum imaging. The
anatomical details of the rectum have been enhanced
with this method. It is recommended for clinical use
as the standard sequence due to its potential to discern
differences in metastatic aspects of the target tissues.
Moreover, it diagnostic
capabilities, enabling them to identify earlier changes
that may not have confirmed by the
Full FOV methods.

improves  doctors’

been
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