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Abstract

Aim—To investigate the effects of cleansing Fleet’s™ enema (FE) on rectal distention and image
quality of diffusion-weighted imaging (DW1) in prostate magnetic resonance imaging (MRI).

Methods—This study included 117 prospectively accrued active surveillance patients who
underwent prostate MRI both without (prep—) and with bowel preparation consisting of FE
(prep+) obtained within 12 months of each other. The anterior—posterior (AP) diameter of the
rectum, degree of perceived distention in the rectum and image quality scores were assessed
by two independent readers for both (prep— and prep+) scans. DWI distortion was assessed
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quantitatively using the degree of anatomic mismatches between images obtained at different 6
values and the T2-weighted MRI. DWI artifact was qualitatively scored based on the presence of
blurring, poor signal-to-noise, and artifact lines. The difference in rectal AP diameters between
the two methods was tested by the paired Wilcoxon rank test. Stuart Maxell test was used in
compar-ing rectal distention, DWI1 distortion, and artifact. Reader agreement was estimated by
kappa statistics. p values < 0.05 were considered statistically significant.

Results—Mean rectal AP diameter was significantly larger in prep— compared with prep+

scans (p = 0.002). Subjective scores demonstrated inter-reader variability. For instance, the rectal
distention score was significantly lower in prep+ for reader 2 (p < 0.001) whereas it was not
significant for reader 1 (p=0.09). Reader 2 also found significant improvement in DWI distortion
(p=0.02) in prep+ scans. There was no significant difference between prep— and prep+ in

DWI distortion and artifacts for reader 1 (p=0.17 and p = 0.49, respectively), or DWI artifacts
for reader 2 (p = 0.55). Kappa scores were moderate for rectal distension, but weak for DWI
distortion, and artifacts.

Conclusion—Bowel preparation with enema prior to prostate MRI may diminish rectal gas but
has modest effects on DWI distortion and overall image quality. The value of bowel prep is not
conclusively validated in this study.

Keywords
Prostate MRI; Bowel preparation; MRI quality; Enema; Artifact

Introduction

Multiparametric magnetic resonance imaging (mpMRI) improves prostate cancer diagnosis
in at-risk patients [1, 2]. MpMRI consists of anatomic (T2 weighed imaging (T2W1)) and
functional sequences (diffusion-weighted (DWI) MRI and dynamic contrast enhancement
(DCE)) [3]. Among these pulse sequences, DWI MRI plays the key role in detection

and categorization of prostate lesions [4, 5]. DWI MRI is commonly acquired using

a spin-echo echo-planar imaging sequence which is more prone to magnetic field
inhomogeneities, susceptibility related artifacts including ghosting and geometric distortions
[6, 7]. Susceptibility artifacts often occur near air-tissue interfaces such as between the
prostate and rectum [7]. Susceptibility artifacts are more prominent at 3 Tesla (T) and
increases with field strength and therefore, gradient strength [5, 8, 9]. Thus, rectal distention
secondary to gas and motion are among the major factors affecting prostate MRI quality [10,
11].

The success of mpMRI depends on consistent, high-quality imaging [12, 13]. The prostate
imaging-reporting and data system version 2 (PI-RADSV2) guidelines proposed several
strategies but reached no consensus on the value of patient preparation. Among the methods
suggested in PI-RADSV2 are antispasmodic agents (glucagon, scopolamine or hyoscine
butylbromide etc.) to reduce motion artifact from bowel peristalsis and enema administration
or decompression of the rectum with a catheter to reduce air in the rectum [5]. Enema
application had been documented to reduce rectal gas [14] but the impact on image quality is
still unknown since this requires an intra-patient comparison approach. In this retrospective
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study, the effects of cleansing enema prior to mpMRI on rectal distention, distortion, and
artifact were investigated using an intra-patient comparison design.

Materials and methods

Study population

This retrospective single institution study was approved by the local institutional review
board and was compliant with the Health Insurance Portability and Accountability Act

of 1996. The study population included patients who underwent two mpMRIs within 12
months of each other. The patient population included patients between July 2016 and

July 2017 who were on active surveillance for low risk prostate cancer who underwent
annual MRIs at our institution. The first mpMRI scan was done without bowel preparation
(prep-), whereas the 12 months follow-up mpMRI was performed after a bowel preparation
(prep+) consisting of a Fleet’s™ enema. The flow chart for patient inclusion in this study is
presented in Fig. 1.

Multiparametric prostate MRI acquisition and bowel preparation

Multiparametric prostate MRIs were acquired with a 3T MRI scanner (Achieva 3 T-Tx,
Philips Healthcare) using a 32-channel cardiac coil (Invivo, Philips Healthcare) without
endorectal coil. MpMRIs included T1WI, three plane T2WI, DWI MRI with high b value
(b1500) and ADC maps, DCE and post-contrast T1WI with fat suppression. Slice thickness
and locations were kept constant for axial T2WI, DWI MRI and DCE images without gap.
All parameters were compatible with the PI-RADSv2 minimum technical standards (Table
1). For bowel preparation, the Fleet’s™ enema was administered by the patients themselves
approximately 12 h before mpMRI.

Evaluation of rectum distention

Rectal distention was scored by two independent readers (Reader 1 [R1]: A urologist with
fellowship training in prostate MRI with a cumulative experience of 2 years (= 500 prostate
MRI evaluations per year); Reader 2 [R2]: A diagnostic radiologist with a cumulative
experience of 3 years (= 1000 prostate MRI evaluations per year), using a subjective Likert
scale 1 to 5 (collapsed rectum: 1, distended rectum: 5). The readers were blinded to clinical
information (use of bowel preparation), MRI reports. Evaluations were performed in 2
different rounds with a 4 week wash out period.

Rectal anterior—posterior (AP) diameter was measured from the mid-sagittal T2W image at
the level of the base of the seminal vesicles by R2.

Assessment of prostate MRI

Quantitative DWI distortion and qualitative DWI artifact scores were evaluated
independently by two readers.

In quantitative DWI distortion scoring, b1500 and ADC were spatially compared with axial
T2WI using a 3D registration cursor available on the picture archiving and communication
systems (Carestream, Rochester NY). This cursor was placed at 20 different points (apex,
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apical-mid, mid, mid-base, base level; right, left, anterior, posterior directions) on the
prostate capsule on the b1500 DWI and ADC maps to evaluate the spatial mismatches

with axial T2WI, which was used as a reference location. The maximal displacement was
recorded and used for scoring on the following 4-point scale: displacement between 0 and
1.9 mm, score 1 (best quality); 2-3.9 mm, score 2; 4-5.9 mm, score 3; 6 mm or more, score
4 (lowest quality).

Qualitative DWI artifacts were scored using b1500 DWI and ADC maps using a quantitative
scale 1 to 4 (best quality 1, lowest quality 4). Readers were asked to evaluate presence of
blurring or subtle artifact lines (+ 1 point), poor signal-to-noise ratio (SNR) (+ 1 point), or
prominent artifact lines (+ 2 points) within the prostate on b1500 DWI MRI or ADC maps
and the final score was determined by summing the points.

Statistical analysis

Results

Difference in rectal AP diameter in prep— and prep+ scans was tested by the paired
Wilcoxon rank test for R2. Impact of bowel preparation on image quality of DWI MRI

was tested by comparing each of the 3 quality parameters (Rectal distention, DWI1 distortion,
and DWI artifact) in prep— and prep+ scans evaluated by each reader using the Stuart Maxell
test [15]. Reader agreement on those measures in prep— and prep+ scans was estimated
separately by both proportion of agreement (PA) and the kappa statistic with linear weight.
All p values were two-sided and p values < 0.05 were considered statistically significant.
The analyses were performed using R version 3.4.0.

The median age of the 117 patients was 67 (range 46-83, SD 7). The mean PSA of the
patients was 8.63 ng/ml (median 7.25 ng/ml; range 0.5-83.98 ng/ml). The mean interval
between prep- and prep+ scans was 367 days (range 192-380).

Mean rectal AP diameter was significantly larger in prep— (26.7 mm + 6.4 mm) than prep+
scans (24.8 mm £ 5.5 mm) (p=0.002) (Fig. 2). Rectal distension scored as 4-5 occurred in
37 and 53 prep- scans according to R1 and R2 readings, respectively; this was reduced to
18 and 25 for R1 and R2, respectively, on prep+ scans (Table 2). Rectal distention score was
significantly lower in prep+ scans for R2 (p < 0.001) whereas it was not for R1 (p = 0.09)

(Fig. 3).

There were 17 and 57 cases rated by R1 and R2, respectively, with a distortion score of

3—4 in prep— scans; this was reduced to 7 and 31 cases, respectively, on prep+ scans (Tables
3, 4). However, there was no significant difference between prep— and prep+ scans in the
assessment of rectal distention, DWI distortion, or artifact for R1 (p=0.09, p=0.17, and
p=0.49, respectively), whereas R2 reported significant improvement in rectal distension (p
< 0.001) and DWI distortion (p = 0.02) with bowel preparation. The proportion of patients
achieving category 1 (best quality) results was increased for both readers. R2 also did not
report a significant difference between prep— and prep+ scans in DWI1 artifact (p = 0.55).
Total number of score 3 and 4 (poor quality) DWI decreased from 17 to 16 for R1 and from
57 to 41 for R2 with bowel preparation (Fig. 4).
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Inter-reader agreement was similar for prep— and prep+ scans. Kappa was moderate for
rectal distension and weak for DWI distortion and artifact (Table 5).

Discussion

The results of our study showed that the impact of bowel preparation with enema on the
image quality of mpMRI was not convincing. Only one of the two readers consistently
evaluated the prep+ scans as superior to prep— scans. Objective finding in prep+ patients
was a decrease in rectal AP diameter. Qualitative rectal distention and DWI1 distortion
significantly improved with bowel prep but only for one reader. Traditionally, rectal
distension secondary to air and stool is believed to cause susceptibility and motion artifacts
which diminish prostate MRI quality [7, 10]. For instance, Caglic et al. evaluated the effect
of rectal distension on image quality of prostate MRI and reported that rectal distention
decreased DWI quality and this correlated with increased distortion and artifact in DWI
and motion in T2WI [16]. In our study, an enema bowel preparation decreased rectal AP
diameter significantly; however, this did not translate into improvement in image quality.
Nonetheless, both readers reported less distention and distortion on prep+ scans. These
results suggest that image quality is more complex than simply assessing the degree of rectal
distention.

To our knowledge there is only one previous study addressing the effect of enema on the
prostate MRI quality. Lim et al. also demonstrated less rectal gas but no difference in
image quality on T2WI, b1000 DWI, and ADC. They did not find significant effects on
blur, distortion or artifact. These results are concordant with our own where no definitive
advantage was seen with bowel prep. The prior study was limited by a small population
(n =32 with non-enema, 1 = 28 with enema), and unmatched patients [14]. In our study,
patients were matched for prep— and prep+ cases albeit obtained within a year of each of
other due to the active surveillance population we used. It would be difficult to accrue to

a study in which the patient had to undergo two MRIs in the same time frame, and this
would also raise ethical questions. The intra-patient comparison of enema effect on image
quality normalizes for anatomic differences among patients. This study also employed two
readers which showed differences in perception for the value of bowel prep. For instance,
the more experienced radiologist reader found significant improvement in DWI distortion
with bowel preparation, whereas the less experienced urologist reader could not show a
benefit for bowel prep. It is possible that the experienced reader had higher expectations
of image quality and perceived more subtle improvements due to the enema. However, one
would expect if the results were truly striking in the two studies that both readers would have
reported a marked improvement on prep+ scans, which was not the case.

Although the PI-RADS document did not formally recommend a specific patient
preparation, several studies have investigated patient preps outside bowel prep [17]. Ullrich
et al., underwent mpMRI pre and post intravenous injection of 40 mg hyoscine butylbromide
(HBB). They found significant improvement in anatomic quality score and reductions in
artifacts after HBB [18]. Slough et al. showed similar results and, further showed that

T2W image quality was significantly higher with less motion and blur in the HBB group.
However, they found no improvement in DWI or ADC image quality or artifacts in the HBB
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group [19]. Thus, HBB does not appear to be a solution to the problem of DWI-related
artifacts.

Our study has several limitations. Subjective assessments, such as rectal distention and
DWI artifact score are notoriously difficult to reproduce among readers. To overcome

this problem, we measured rectum diameter and defined criteria for DWI artifact scoring.
Also, DWI distortion criteria were quantitative. The two readers in this study had unequal
experience with mpMRI. It is important to use readers with variable experience as that
better replicates practice settings. Specifically, the urologist reader although very familiar
in using mpMRI data for clinical practice, was asked to evaluate the quality of these MRIs
from their perspective. This reader was not as experienced in assessing image quality as the
radiologist reader. This might introduce a bias into the results as these preliminary results
suggest experience plays a role in the ability to evaluate the value of a bowel preparation
prior to mpMRI The two scans in this study, although obtained in the same patients, were
obtained at a mean of 367 days apart. Some changes may have occurred in the interval that
might have affected results, but we think this population of low risk patients is most likely
stable in the study interval.

In conclusion, bowel preparation objectively diminishes rectal gas and may reduce DWI
distortion during prostate MRI acquisition. However, the effects of bowel prep on image
quality are inconsistent among readers and therefore, cannot be definitively recommended.

This research is funded by intramural research program of NIH,
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First MRI Second MRI
Without bowel preparation # With bowel preparation (ENEMA)
Without endorectal coil (ERC-) Without endorectal coil (ERC-)
Total number of ERC- MRI 252

between 07/2016 and 07/2017

Radiotherapy plan scans were excluded,
Lack of MRI without bowel preparation 131
4 >
121
Excluded due to poor image quality
»
v L5
Total number of MRI 117

yielding the criteria

Fig. 1.
Flow chart in patient selection
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Excluded (4):

1 patient hip prosthesis

1 patient with severe ascites

1 patient simple prostatectomy in follow up

1 patient abdominoperineal resection
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Rectum AP diameter without and with bowel preparation
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Fig. 3.

Ef'%ect of bowel preparation on rectal gas. Sagittal T2W images of patient 1 (a, b) and 2 (c,
d) without (a, c) and with (b, d) bowel preparation. Enema did not reduce bowel loading in
patient 1, while it decreased rectal distension in patient 2. Rectal distention scores were 5, 5,
4, 1 for reader 1 and 5, 5, 5, 2 for reader 2, respectively (a—d)
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2016 mpMRI, prep-

2017 mpMRI, prep+

Fig. 4.
Effect of bowel preparation on lesion detection. T2W (a, b), ADC (b, €) and b1500 DWI

images (c, f) of a patient on active surveillance. The unprepped scan was scored as PI-RADS
1in 2016 (a-c). However considerable artifact is present on the ADC (b) and high 6 value
image (c). A hypointense nodular lesion 5 mm diameter was described as PI-RADS score

4 on the prep+ scan in 2017 (d—f), and a targeted biopsy revealed a Gleason 4 + 3 tumor.

In comparison to the prep— scan, the rectum is collapsed, and the peripheral zone was more
clearly depicted on the prep+ scan
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