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ABSTRACT

Background: The BEBIG Portio multi-channel applicator provides better target
dose coverage and sparing organs-at-risk compared to a single-channel cylinder. How-
ever, artifacts and distortions of Portio in magnetic resonance images (MRI) have not
yet been reported.

Objective: We aimed to quantify the artifacts and distortions in its 1.5-Tesla MR
images before clinical use.

Material and Methods: In this experimental study, we employed a gelatin-
filled phantom to conduct our measurements. T2-weighted (T2W) images were exam-
ined for artifacts and distortions. Computed tomography (CT) images were used as a
reference to assess image distortions. Artifact severity was measured by recording the
full-width-at-half-maximum (FWHM) image pixel values at various positions along
the length of the applicator/channels. CT and MRI-based applicator reconstruction
accuracy were then compared, and signal-to-noise ratio (SNR) and contrast were also
determined for the applicator images.

Results: The applicator distortion level for the Portio applicator was less than the
image spatial resolution (0.5+0.5 pixels). The average FWHM for the tandem applica-
tor images was 5.23+0.39 mm, while it was 3.21+0.37 mm for all channels (compared
to their actual diameters of 5.0 mm and 3.0 mm, respectively). The average applica-
tor reconstruction difference between CT and MR images was 0.75+0.30 mm overall
source dwell positions. The image SNR and contrast were both acceptable.

Conclusion: These findings indicate that the Portio applicator has a satisfactory
low level of artifacts and image distortions in 1.5-Tesla, T2W images. It may, there-
fore, be a promising option for MRI-guided multi-channel vaginal brachytherapy.
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Introduction
ndometrial cancer ranks as the sixth most common cancer in
women, with over 417,000 new cases reported in 2020 [1]. A
common treatment approach involves postoperative vaginal
brachytherapy (BT) with or without external beam radiation therapy
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(EBRT). Studies like PORTEC-2 have shown
that vaginal cuff brachytherapy may offer
advantages over EBRT, including reduced
gastrointestinal and genitourinary toxicities
and improved quality of life [2-4].

Significant improvements have been made
in recent years with the implementation of
volumetric imaging for BT treatment planning
[5]. While earlier recommendations primarily
focused on standardizing magnetic resonance
imaging (MRI)-based planning for cervi-
cal cancer [6, 7], leading organizations like
the American Brachytherapy Society (ABS),
Groupe Européen de Curiethérapie—Euro-
pean Society for Radiotherapy & Oncology
(GEC-ESTRO), and Canadian Brachytherapy
Group (CBG) now emphasize the importance
of 3D imaging, especially MRI, for endome-
trial/cervical vaginal recurrences [8, 9]. This
shift highlights the need for careful commis-
sioning of applicators to ensure safe and effec-
tive BT treatment planning using MRI. This
includes assessing artifacts and distortions in
a phantom environment before clinical use
[10, 11].

Several cylindrical vaginal applicators of dif-
ferent lengths and diameters are now available
commercially. Single-channel vaginal cylin-
der (SCVC) applicators are commonly used
for superficial lesions, providing symmetrical
dose distribution [12]. Multi-channel vaginal
cylinder (MCVC) applicators have recently
gained accessibility and popularity, featuring
six to seven additional channels concentri-
cally positioned around the central channel.
MCVCs offer improved target dose coverage
and better sparing of the uninvolved vaginas
and organs at risk compared to SCVCs [13].
Karthik et al. reported the utilization of MCVC
CT-based planning for early-stage endometrial
cancer without compromising outcomes [14].
In a previous research, Owrangi et al. reported
the clinical use of MRI-guided SCVC brachy-
therapy [15].

One of the latest commercialized MCVC
applicators is the CT/MR Portio applicator

by Eckert & Ziegler BEBIG GmbH, Berlin,
Germany. It can be used to treat the vaginal
cuff, vaginal vault, cervix, and endometrium.
Although this applicator is MR conditional, it
can induce distortions and artifacts in images.
To the best of our knowledge, an assessment
of the susceptibility artifacts and distortions
caused by MCVCs, and in particular the Por-
tio applicator, has not been published yet. This
is the first study describing this new Portio
applicator.

The main goal of the current study is, there-
fore, to investigate the magnitudes of artifacts
and image distortions in 1.5 T MR in-phantom
images of the Portio applicator, utilizing cus-
tom-made tools for this purpose. Additionally,
we assessed the feasibility of unaided appli-
cator reconstruction (i.e., without using MRI
contrast medium), which has been attempted
in some previous research studies by insert-
ing in-house MRI markers into the applicator
to enhance visualization of the applicator tip
[15-17].

Material and Methods

Applicator

In this experimental study, the Portio appli-
cator was evaluated. It consists of a vaginal
cylinder manufactured from PEEK plastic,
featuring a central hole to accommodate an
intrauterine (tandem) tube and six additional
channels arranged concentrically around it for
channels (Figure 1(a)). It is important to note
that these closed-ended peripheral holes are
contained within the plastic cylinder and are
not intended for interstitial channel insertions.
The cylinders are available in different diam-
eters (25 mm and 30 mm). This study utilized
a straight titanium intrauterine tube with a 5
mm diameter, a 30 mm diameter cylinder, and
six 3 mm diameter plastic channels. To evalu-
ate the individual contributions of the tandem
to artifacts and image distortions, the tandem
was positioned further than typical clinical
scenarios, and as a result, the optional cap for
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Figure 1: (a) The Portio applicator, (b) the magnetic resonance imaging (MRI)-compatible plastic
phantom with a custom-made holder for suspending the applicator, (c, d) the fiducial markers
for investigating distortion regarding the intrauterine tube and the channels, respectively, and
(e) the assembly of the Portio applicator, the holder and the two fiducial sets.

the cylinder was not used.

Phantom

The applicator was immersed in gelatin
(13% volume) within a 29 L (46x25%25 cm?)
MRI-compatible plastic container using a cus-
tomized holder (Figure 1(b)). The applicator
was mounted in the same orientation concern-
ing the main magnetic field as during treat-
ment. The applicator was suspended about 8
cm away from the phantom’s side to minimize
potential distortions induced by the phantom
material.

We employed two previously developed fi-
ducial markers [18] to evaluate image distor-
tion (spatial shift) induced by the tandem and
channels. The first set comprised eight acrylo-
nitrile butadiene styrene (ABS) rods, mount-
ed on circular plates. We used two groups of
rods, one having a 3 mm diameter and 10 mm
center-to-center distance from the tandem
(group 1) and the other with a 4 mm diameter
and 17 mm center-to-center distance from the
tandem (group 2) (as shown in Figure 1(c)).
This set was tightly fitted over the tandem by
a plastic screw. The spatial shift induced by
the tandem was quantified by measuring the
difference in distance between the tandem and
fiducials in both CT and MR images. The sec-

ond fiducial set consisted of a central hole of
30 mm and eight ABS rods with a 3 mm di-
ameter, separated by 45 degrees (Figure 1(d)).
This set was also attached to the cylinder with
plastic screws. The spatial shift induced by
the channels and the cylinder was quantified
by comparing the fiducials’ position with that
of the channels in both CT and MR images.
Figure 1(e) shows the Portio assembled con-
figuration with the fiducial set.

MR and CT Imaging

MR scans were conducted using a stan-
dard-bore 1.5 T Ingenia MR scanner (Phil-
ips Medical Systems, Cleveland, OH, USA)
with a body coil. Images were acquired in
three planes: para-axial, with slices oriented
perpendicular to the long axis of the tandem/
cylinder; para-sagittal; and para-coronal, with
cuts parallel to the long axis of the tandem. Ac-
cording to the Groupe Européen de Curiethéra-
pie (GEC-ESTRO) and the American Associa-
tion of Physicists in Medicine (AAPM) task
group (TG) report 303 [19, 20], T2-weighted
(T2W) fast spin-echo (FSE) sequence is the
required sequence for gynecology (GYN) BT.
Therefore, all analyses were performed on a
2D T2-weighted sequence with the follow-
ing parameters: repetition time (TR)=3848
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ms; echo time (TE)=90 ms; echo-train length
(ETL)=30; voxel dimension=0.45%0.45%2
mm?® with no slice gaps; number of excitations
(NEX)=2. Fat Sat pulse was not applied. A
2D image distortion correction algorithm pro-
vided by the vendor was utilized for all MR
images. Both MR images with and without the
applicator were acquired.

CT scans were generated using a 20-slice
Siemens SOMATOM Definition AS (Sie-
mens Healthcare, Forchheim, Germany) scan-
ner. Scan parameters included collimation
of 192x0.6, tube voltage of 120 kVp, pitch
of 0.6, reference mAs of 343, voxel dimen-
sion=0.625%0.625%2 mm?, and reconstruction
with a convolution kernel of B30.

Quantification of
Distortion

The assessment focused solely on distortions
induced by the Portio applicator, not system-
specific distortions [10, 20]. A different image
was created as explained in the previous sec-
tion. The CT dataset was chosen as the refer-
ence. The image displays window-level values
for the CT were adjusted until the dimensions
of the tandem/channels matched their known
actual physical dimensions. The differences
between the tandem and eight markers shown
in Figure 1(c) were measured at two locations
(distal and medial in Figure 2(a)) in both CT
and MR images (Figure 2(b)). All measure-
ments were performed using the measure-

Applicator

Figure 2: T2-weighted magnetic resonance (MR) images of the Portio applicator in the phantom
assembly: (a) a para-sagittal view of the applicator, demonstrating axial planes for assessing
artifact and distortion. (b) Para-axial image at the distal position, displaying fiducial markers
groups 1 and 2. (c) para-axial image at position a’, showing the six plastic channels and eight

fiducial markers.
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ment tool in NIH ImageJ v1.53 software (NIH
ImageJ; NIH, Bethesda, MD) [21]. The analy-
sis was conducted using Microsoft Excel to
calculate averages and uncertainties. A simi-
lar approach was applied for the cylinder and
plastic channels, where the cylinder width was
measured at two positions (a’ and b’) along
its long axis (Figure 2(a)). The differences
between each channel and the eight fiducials
shown in Figure 1(d) were determined on both
CT and MR images (Figure 2(c)).

Evaluation of
Artifacts

To assess the applicator-induced artifacts, we
followed the approach described by Soliman
et al. [22]. The measured applicator diameter
was used to represent the artifact severity, and
MR images were acquired without fiducial
markers, and a different image was created by
subtracting the image with the applicator from
the image without it. The coil position on the
phantom was marked to have the same coil
position in all images. Two transversal slices
(distal and medial) were selected in para-axial
images, and four-line profiles were drawn on
the different images, separated by 45° on each
slice. Additionally, a slice containing the entire
tandem was selected in para-sagittal and para-
coronal views. Profiles were drawn perpen-
dicular to the long axis of the tandem at distal
and medial positions. Therefore, 12 profiles
were plotted on three views. We measured the
full width at half-maximum (FWHM) for all
profiles. The same task was performed at posi-
tion a’ on para-axial images for the channels
and the cylinder, resulting in 24 profiles for all
channels and four profiles for the cylinder.

The analyses were performed using NIH
Imagel v1.53, Matlab R2017a (Mathworks®),
and Origin 2019b (OriginLab Corporation,
Northampton, MA, USA).

Susceptibility

Image Contrast and Signal-to-Noise
Ratio (SNR)
Two small regions of interest (ROIs) were

placed at the previous positions in the tandem
and channels in para-axial images. One ROI
was located at the tandem (or channel), while
the other one was positioned 1.0 cm away
from the tandem/channel in the surrounding
area. The ROIs were circles with diameters of
1, 0.5, and 3 mm within the tandem, channels,
and surrounding region. The image contrast
was calculated using the equation [23]:
C=(Ss—St/n)/Ss (1)

where, Ss was the average signal in the sur-
rounding environment of the tandem/channel,
and St/n denoted the average signal within the
tandem/channel.

A 300 mm? ROI was placed in a central slice
within the phantom image without the applica-
tor to determine the SNR. The ROI mean was
divided by the standard deviation to calculate
the SNR [23, 24]. This task was repeated three
times, and all analyses were performed using
Imagel software.

Applicator Reconstruction Accuracy
Applicator reconstruction accuracy was val-
idated by comparing applicator reconstruction
on T2W MR images and CT images using a
SagiPlan treatment planning system (Eckert &
Ziegler BEBIG, GmbH, Germany). Applicator
reconstructions were performed using the ap-
plicator library. The difference for each dwell
position (DP) was determined for the tandem
and eight channels in the lateral, anterior-
posterior, and cranial-caudal directions (x, vy,
and z, respectively). The applicator was recon-
structed three times, and the mean+standard
deviation was calculated for each DP.

Results

Applicator Visualization

Figure 3 illustrates a typical example of the
Portio applicator observed on T2-weighted
(T2W) images. The tandem part is distinctly
visible on T2W 1images, exhibiting a repro-
ducible artifact pattern at the tip (Figure 3(a)).
The T2W images also provide clear visualiza-
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tion of the vaginal cylinder. Additionally, a
discernible signal from the channel located at
the distal part of the cylinder (position a’) can
be observed in Figure 3(b). However, it was
necessary to adjust the image display window
level to construct the trajectory of each chan-
nel without the aid of MR contrast markers
inside the channels (Figure 3(c)). Similarly,
adjusting the image display window level
was required to visualize the trajectory of the
tandem inside the cylinder.

Distortion analysis

Figure 4(a) shows the differences in dis-
tance from the tandem to the fiducial markers
between CT and MR images at the distal and
medial positions. The maximum differences
were 0.49 and 0.39 mm at the distal and medi-
al positions, respectively. The corresponding
average differences were 0.28+0.02 mm and

0.224+0.09 mm. Figure 4(b) shows the average
displacement versus the radial distance from
the tandem, separately for fiducial groups 1
and 2. The average difference was 0.28 mm
within a 10 mm distance from the tandem,
while beyond this distance, it reduced to
0.10 mm.

Figure 5 shows the differences in distance
from each plastic channel to all markers be-
tween CT and MR images. The maximum
and average differences were 0.8 mm and
0.13£0.26 mm, respectively. The overall
meantstandard deviation of distance differ-
ence on MR images compared to CT images
for the whole applicator was less than 0.2+0.2
mm for T2W MR images.

Artifact analysis

Figure 6(a) and (b) demonstrate the analysis
procedure for drawing profiles and determin-

(©

Figure 3: (a) A para-coronal view of the Portio applicator with the fiducials, showing the tandem
and the vaginal cylinder, (b) a para-axial image at the distal position of the cylinder showing the
fiducial markers and six plastic channels, and (c) the para-coronal view of the Portio applicator
after adjusting the window-level for better visualization of the marked channel.
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Figure 4: (a) The differences in distances of the fiducial markers from the tandem at the
distal and medial positions (b) The displacement induced by the tandem in magnetic resonance
images versus the radial distances from the tandem for distal and medial positions.
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Figure 6: Example line profiles of the para-axial images of the (a) tandem and (b) channels.

ing FWHM for the tandem and one channel
at para-axial images, respectively. FWHM
measurements from the line profiles for the
tandem and channels are summarized in
Tables 1 and 2. The average FWHM from all
profile lines from all views for the tandem was
5.23+0.39 mm, while the measured FWHMSs
were 5.35+0.42 mm and 5.11+0.35 mm for the

distal and medial positions, respectively. The
average measured FWHM for all channels
was 3.21+0.37 mm. The corresponding value
for the cylinder was 30+0.24 mm.

Image contrast and SNR
The average tandem-phantom contrast was
0.94+0.16, while the corresponding value for

J Biomed Phys Eng 2023; 13(6)
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the channels-phantom was 0.75+£0.07. The
SNR was 73.4+6.4.

Applicator reconstruction accuracy

Table 3 demonstrates the average+SD of
the distance difference between CT and MRI-
based applicator reconstruction for DPs. The
average difference was 0.75+0.3 mm for all
DPs of the Portio applicator. The differences
were 0.71+0.15 mm and 0.80+0.70 mm for the
tandem and channels, respectively. The high-
est difference was found in the cranial-caudal
direction.

Discussion

Compared to CT, MRI is a well-known mo-
dality for improving target delineation. How-
ever, applicator-induced artifacts may pose a
potential obstacle to applicator reconstruction
and target delineation [25]. Subsequently, this
may particularly affect the dose volume his-
tograms of the organs at risk [26]. Hence, it

is crucial to evaluate the artifacts induced by
new applicators introduced into a department,
before clinical use [10, 11, 20]. To the best of
our knowledge, the current study is the first to
evaluate image characteristics of a relatively
recently commercialized Portio applicator as
an MCVC for 1.5 T MRL

In this study, we evaluated image artifacts
and distortions caused by the Portio applicator
in a phantom environment. We also compared
the reconstruction accuracy of the applica-
tor between CT and MR-based BT. Finally,
contrast and SNR were assessed for phantom
images in the presence of the applicator.

We found that the total mean displacement
of the whole applicator at 1.5 T was less than
0.2+0.2 mm for T2W MR images. The extent
of the distortion was not larger than the image
spatial resolution (0.5+0.5 pixels). The maxi-
mum recorded FWHMs were 5.40+0.48 mm
and 3.4040.27 mm for the tandem and chan-
nels, respectively (Tables 1 and 2). This means

Table 1: Average full-width-at-half-maximum (FWHM) values obtained from all profile lines drawn
on para-axial, para-sagittal, and para-coronal applicator images of the tandem

Para-axial planes

Para-sagittal and para-coronal planes

Distal position

Mean£SD (mm) 5.30+0.37

Medial position
5.10£0.26

Distal position Medial position
5.40+0.48 5.12+0.46

Table 2: Average full-width-at-half-maximum (FWHM) values from all profile lines drawn on

para-axial images of the channels

Channels

1 2

Mean+SD (mm) 3.20+0.25 2.96+0.47

3.10+0.36

4 5 6
3.30+0.45 3.40+0.27 3.30+0.46

Table 3: Average differences in dwell positions between computed tomography (CT) and
magnetic resonance imaging (MRI)-based reconstruction for lateral (x), anterior-posterior (y),

and cranial-caudal (z) directions

Tandem

Channels Overall

X y VA X

y z X y z

Mean+SD (mm) 0.70+0.10 0.54+0.21 0.92£0.12 0.98+0.70 0.38+0.75 1.00+0.70 0.85+0.68 0.45+0.70 0.95+0.60
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that the maximum artifact levels were 0.9+1.1
pixels and 0.9+0.6 pixels for the tandem and
channels when using T2W MRI. Therefore,
this suggests that this applicator may be used
in an MR-only workflow, to avoid the regis-
tration errors caused by the MR-CT registra-
tion process [27, 28]. We expect any negative
implications of MRI-based BT for the Portio
applicator will be limited since the distortions
and artifacts found in the present study were
less than 1 mm [26]. Although distortion lev-
els will be higher for the 3T MR images, it is
expected that they will be acceptable for MRI-
based BT [28].

The comparative analysis showed that the
difference between CT-based and MRI-based
reconstruction for the Portio applicator was
within 1 mm. This small difference can result
in a difference of less than 5% for the D, of
the rectum and bladder, as well as less than
2% for D, of the gross tumor volume [26].
Therefore, it is not likely to significantly
impact the dose distribution for organ-at-risk
or the target volume. Moreover, the overall
geometric accuracy of the treatment depends
on both the applicator reconstruction accuracy
and the volume delineation accuracy. Since
MRI improves the soft tissue contrast and
reduces contouring uncertainty, the most sig-
nificant component in BT [29], this decrease
in the accuracy of applicator reconstruction in
MRI than CT does not result in a deterioration
in the overall geometric accuracy [30].

The SNR and contrast values measured in
our study are comparable to standard images
from other BT applicators [23, 31]. However,
it needs a further clinical study to assess image
quality for patients. We implemented a body
coil for acquiring MR images to enhance the
SNR. However, we marked the coil position
on the phantom to ensure that the coil posi-
tion was the same between the scans with and
without the applicator. Therefore, we mini-
mized intensity variations caused by the coil,
without lowering SNR [22].

Meanwhile, this study has some limitations.

First, it is a phantom-based, pre-clinical inves-
tigation, and further clinical evaluation using
MR images of patients with the Portio appli-
cator is needed. However, this study can be a
foundation for future clinical studies. Second,
artifacts and distortions were only evaluated
using one configuration of this applicator. Dif-
ferent applicator configurations with different
diameters and angles of the tandem, as well
as different diameters of the cylinder, might
result in different artifacts and distortions.
However, susceptibility artifacts are likely
to have a lower impact on treatment uncer-
tainty than contouring and patient movement
uncertainties [29].

Furthermore, the implemented approach
does not consider out-of-plane artifacts which
can extend for one or two slices away from the
acquired plane [22]. We performed MR imag-
ing with a 2 mm slice thickness to minimize
this effect without lowering the SNR.

Reconstruction of the Portio applicator on
the T2W sequence was performed without us-
ing the MR contrasts within the applicator and
channels. We had to adjust the window level
to better visualize the applicator trajectory,
particularly for six channels. This required a
relatively long time for the applicator recon-
struction. It is reliable for the primary purpose
of this study, which was to evaluate image
artifacts and distortions induced by the ap-
plicator. However, the MR contrast enhancers
should be used in clinical situations [20, 32].
Also, we did not use an optional cap of the ap-
plicator which can be placed at the end of the
vaginal cylinder for some intrauterine tubes in
the current study. We require an MR contrast
enhancer for visualization of the channels’ tip
in the vaginal cylinder in a clinical scenario
using the cap.

In this paper, we evaluated the artifacts and
distortions caused by an MCVC Portio appli-
cator at 1.5 T. Understanding the extent of the
artifacts and distortions caused by a new ap-
plicator could help BT expertise for applicator
reconstruction or possible strategies to reduce

J Biomed Phys Eng 2023; 13(6)
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severe impacts in MRI-based BT.

Conclusion

The finding of this study showed that the
levels of artifacts and distortions induced by
Portio multi-channel applicator are acceptable
on 1.5 T, T2W images. The maximum artifact
and distortion levels were 0.9 and 0.5 pixels
when using T2W MRI which were smaller
than one image spatial resolution. This sug-
gests that it can be a useful tool for MRI-based
vaginal BT requiring MCVCs. However, MR
contrast markers are needed for the recon-
struction of the channels. Further in-patient
investigation is also indicated.
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