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Comparison of the impact of rectal
susceptibility artifacts in prostate magnetic
resonance imaging on subjective evaluation
and deep learning: a two-center retrospective
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Abstract

Background To compare the influence of rectal susceptibility artifacts on the subjective evaluation and deep
learning (DL) in prostate cancer (PCa) diagnosis.

Methods This retrospective two-center study included 1052 patients who underwent MRI and biopsy due to
clinically suspected PCa between November 2019 and November 2023. The extent of rectal artifacts in these patients’
images was evaluated using the Likert four-level method. The PCa diagnosis was performed by six radiologists and

an automated PCa diagnosis DL method. The performance of DL and radiologists was evaluated using the area under
the receiver operating characteristic curve (AUC) and the area under the multi-reader multi-case receiver operating
characteristic curve, respectively.

Results Junior radiologists and DL demonstrated statistically significantly higher AUCs in patients without artifacts
compared to those with artifacts (R1: 0.73 vs. 0.64; P=0.01; R2: 0.74 vs. 0.67; P=0.03; DL: 0.77 vs.0.61; P<0.001). In
subgroup analysis, no statistically significant differences in the AUC were observed among different grades of rectal
artifacts for both all radiologists (0.08 < P<0.90) and DL models (0.12 < P<0.96). The AUC for DL without artifacts
significantly exceeded those with artifacts in both the peripheral zone (PZ) and transitional zone (TZ) (DLpz: 0.78 vs.
0.61; P=0.003; DLy 0.73 vs. 0.59; P=0.011). Conversely, there were no statistically significant differences in AUC with
and without artifacts for all radiologists in PZ and TZ (0.08 < P < 0.98).

Conclusions Rectal susceptibility artifacts have significant negative effects on subjective evaluation of junior
radiologists and DL.
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Background

Prostate cancer (PCa) stands as the most prevalent malig-
nancy within the male genitourinary system. It ranks
second among malignant tumors afflicting men world-
wide in terms of its incidence rate [1]. Precision diagno-
sis of PCa contributes to the reduction of overtreatment
in low-risk patients. It also extends the survival time of
high-risk patients and enhances their quality of life [2-5].

Magnetic resonance imaging (MRI) serves as an effec-
tive non-invasive method for diagnosing PCa [6-8].
However, MRI is often hindered by rectal susceptibility
artifacts, which are the most common types of artifacts
encountered. These artifacts typically manifest as local
signal loss or decreased signal intensity in prostate tissue,
potentially resulting in misdiagnosis or overlooked detec-
tion of PCa [9-11]. However, the influence of rectal arti-
facts on PCa diagnosis has not been fully elucidated.

Previous studies have not reached a consensus on the
diagnostic impact of rectal susceptibility artifacts on
subjective evaluation. Plodeck et al. [12] found that sus-
ceptibility artifacts due to rectal dilation could affect
subjective evaluation. Conversely, Coskun et al. [13]
found that reducing rectal artifacts did not lead to an
improvement in subjective evaluation by radiologists
and urologists. Similarly, the impact of rectal artifacts on
MRI-based deep learning (DL) has not been fully clari-
fied. Although numerous MRI-based DL models using
deep neural networks (DNNs) have been proposed and
have demonstrated comparable or even superior perfor-
mance in PCa diagnosis compared to subjective evalu-
ation in recent years [14—16], these DL models may be
more susceptible to being misled by rectal susceptibil-
ity artifacts. Previous studies indicated that DNNs are
extremely sensitive to detect noise changes and angular
distortions that occur within the images [17, 18]. Another
clinical study also indicates that rectal susceptibility arti-
facts are independent risk factors that lead to erroneous
predictions of DL [19]. As far as we know, there have
been no clinical studies comparing the impact of rectal
susceptibility artifacts on subjective evaluation and DL in
prostate MRI.

Clarifying the influence of rectal susceptibility arti-
facts is crucial for devising follow-up scanning strategies
aimed at enhancing diagnostic accuracy. This study aims
to investigate and compare the effects of rectal suscepti-
bility artifacts on subjective evaluation and DL.

Methods

This retrospective study was approved by the Institu-
tional Ethical Committee of the local hospital [Approve
No: 2023-001-01]. The requirement for written informed

consent was waived due to the retrospective and anony-
mous analysis of the data. All procedures performed in
studies involving human participants were in accor-
dance with the 1964 Helsinki Declaration and its later
amendments.

Patient cohort

Between November 2019 and November 2023, par-
ticipants with clinically suspected PCa who underwent
MRI examinations were consequently enrolled from two
medical centers (Yichang Central People’s Hospital and
Guangdong Provincial People’s Hospital). The inclusion
criteria included the following: (a) ultrasound-guided
prostate biopsy confirming PCa; (b) 3.0T prostate bipa-
rametric MRI (bpMRI) examination according to the
Prostate Imaging Reporting and Data System (PI-RADS)
version 2.1; and (c) no prior history of PCa treatment.
The exclusion criteria were as follows: (a) patients with
incomplete MRI information or missing sequences,
which may introduce selection bias by excluding cases
with suboptimal imaging quality; and (b) unable to obtain
a conclusive histopathological diagnosis.

The study finally enrolled 1052 patients, comprising
427 with PCa and 625 without PCa. Details of patient
selection are shown in Fig. 1. Clinical and pathological
characteristics of the patients, including age, prostate-
specific antigen (PSA) levels, malignant lesion location,
Gleason grading groups (GGG), and pathological stage,
were obtained from pathology reports. The clinicopatho-
logical characteristics of patients are presented in Table 1.

MRI acquisition

All images were acquired using one of two 3.0T MRI
scanners (Philips Ingenia CX, The Netherlands; United
Imaging uMR 790, China) and a pelvic phased array coil.
The imaging protocol included axial T2-weighted imag-
ing (T2WI) and diffusion-weighted imaging (DWI).
Apparent diffusion coefficient (ADC) maps were calcu-
lated inline by the scanner software using linear fitting
based on a mono-exponential model. The scan param-
eters are detailed in Table 2.

MRI-based rectal artifact subjective evaluation

Two radiologists with 5-10 years of experience in pros-
tate imaging, who were blinded to all clinical details
and biopsy results, independently performed subjective
evaluations of rectal artifacts. A senior radiologist with
15 years of experience in prostate imaging reviewed and
resolved discrepancies in scoring between the two radi-
ologists. To assess the varying levels of rectal artifacts,
we employed a scoring method to evaluate their impact
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Fig. 1 Flow chart of participant inclusion and exclusion

on the prostate gland region. Images were scored using a
4-point Likert scale: Score 1 indicated no artifact; Score
2 represented mild artifact, when less than 50% of the
peripheral zone (PZ) next to the rectum was involved;
Score 3 indicated moderate artifact, when 51-100% of
the PZ was affected without involving the transition zone
(TZ); and Score 4 indicated severe artifact, when the arti-
fact extended into the TZ [20]. For cases where there are
obvious gas artifacts on T2W1I but not on DWI, or where
artifacts are significant on DWI but less pronounced on
T2WI, the final degree of artifact was determined based
on the sequence that demonstrated the most significant
interference with prostate visualization. This approach
ensures that the most clinically relevant artifacts are
accounted for in the grading process. In situations where
discrepancies between T2WI and DWT artifact severity
were observed, consensus was reached through a joint
review by experienced radiologists.

For patients in whom the PZ was not visualized at
all due to severe artifacts, the artifact was classified
as “severe” This classification reflects the maximum

non-PCa patients (n=625)

potential interference with diagnostic evaluation, recog-
nizing that complete obscuration of the PZ significantly
impairs accurate lesion detection and characterization.
Examples of varying levels of rectal artifacts are shown in
Fig. 2.

MRI-based DL diagnostic model

To assess the impact of rectal artifacts on the DL diag-
nostic model, we employed the 3D-nnUNet [21] as the
network framework to construct the prostate MRI diag-
nostic model in this study. The model was trained using
annotated data from the public dataset “Prostate Imag-
ing: Cancer Al (Version 1.1)” [22]. This dataset comprises
1500 anonymous prostate MRI scans from 1476 patients
across three centers (Radboud University Medical Cen-
ter, University Medical Center Groningen, and Zieken-
huis Groep Twente).

Initially, a prostate gland segmentation model was
employed to generate segmentation masks for the central
and peripheral glands using T2WI images. Subsequently,
a prostate lesion detection model was implemented,
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Table 1 Clinicopathological characteristics of patients

Factors ? PCa (n=427) non-PCa (n=625) Pvalue
Age (y) 72+8 69+8 <0.001
PSA level (ng/ml)  32.18(948,7837) 646(3.16,11.72) <0.001
Malignant lesion

Diameter (mm) 23.0(20.2,26.5) NA NA
Location

Pz 281 (65.8) NA NA

Tz 146 (34.2) NA NA
GGG

GGG 1(GS 3+3) 54(12.6) NA NA
GGG 2(GS 3+4) 50(11.7) NA NA
GGG 3(GS4+3) 76 (17.8) NA NA
GGG 4(GS=8) 124 (29.1) NA NA
GGG 5(GS>8) 123 (28.8) NA NA
TNM

T 49(11.5) NA NA

T2 190 (44.5) NA NA

T3 136 (31.8) NA NA

T4 52(12.2) NA NA

? Data are presented as n (%) or median (interquartile range). PSA prostate-
specific antigen, PZ peripheral zone, TZ transitional zone, GGG Gleason grading
group, TNM tumor node metastasis, NA not applicable

utilizing segmented masks of the central and periph-
eral glands along with T2WI, DWI, and ADC images as
inputs. The model generated a lesion confidence map
representing the confidence level of lesions in different
prostate regions. Using the lesion confidence map, corre-
sponding lesion candidate regions and their probabilities
of PCa detection were generated. In previous study, this
model achieved an accuracy of 0.87 on a quality-filtered
open-source dataset, and it performed well in multi-
center external validation [23].

Lesion annotation and histopathologic matching

A radiologist with more than 15 years of experience in
prostate MRI reviewed the images. When MRI suspected
PCa and the target lesion for biopsies was in the same

Table 2 Magnetic resonance sequence parameters
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sector, the slice of the image containing the largest lesion
extent was selected and marked. The lesions were clas-
sified as originating from either the TZ or PZ. Lesions
covering both PZ and TZ were termed TZ lesions if they
covered at least 70% of the TZ [24]; otherwise, they were
considered PZ lesions.

Diagnostic assessment
Six radiologists, consisting of two junior radiologists
(R1-2) with 5 years of experience, two intermediate-level
radiologists (R3-4) with 10 years of experience, and two
senior radiologists (R5-6) with 15 years of experience,
were recruited. They were blinded to the clinical informa-
tion and analyzed the prostate MR images independently.
Each identified lesion was assigned a score according to
the PI-RADS version 2.1 [6], based on T2WI and DWI.
To compare the differences in the effect of rectal sus-
ceptibility artifacts on the diagnostic performance of
radiologists and DL, we initially assessed the impact of
rectal susceptibility artifacts on both radiologists’ diag-
nostic performance and that of the DL model at the
patient level. Furthermore, we conducted a subgroup
analysis to compare the performance of radiologists and
the DL model across the absence of artifacts and vary-
ing grades of artifacts, as well as among different lesion
zones.

Statistical analysis

Statistical analysis was performed using R version 4.10 (R
Foundation for Statistical Computing, Vienna, Austria;
https://www.R-project.org/). The normality of data distr
ibution was assessed using the Kolmogorov-Smirnov test
for a single sample. For continuous variables following
a normal distribution, differences were analyzed using
an independent sample t-test, while the Mann-Whitney
U test was employed for non-normally distributed con-
tinuous variables. Comparison of differences in ordi-
nal data was evaluated using the Chi-square Test. The

Parameter Ingenia CX uMR 790
T2WI DWI T2WI DWI
Sequence TSE SE-EPI FSE EPI
Echo time(ms) 110 58 130 52
Repetition time(ms) 4000 6259 4210 2329
Field of view(mm?) 250x250 250%250 432x432 168x100
Scan matrix 416x284 100x82 288x288 112x67
PE Dir. Left — Right Anterior — Posterior Right —Left Anterior — Posterior
Layer thickness(mm) 4 4 3 4
Layer spacing(mm) 44 44 33 44
Bandwidth (Hz/px) 141 3152 250 1500
bvalue(s/mm?) NA 0,800,1000,1200 NA 5,080,010,001,300
Acquisition time(min) 1:04 2:49 0:55 2:29

TSE turbo spin echo, FSE fast spin echo, EPl echo planar imaging, SE-EPI spin echo echo-planar imaging, PE Dir. phase encoding direction, NA not applicable
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Fig. 2 Examples of MRI-based rectal artifact subjective evaluation. Selected images used to show Score 1 (First line a): no artifact; Score 2 (Second line
b): Mild artifact when <50% of the PZ next to the rectum was involved; Score 3 (Third line ¢): moderate artifact when 51-100% of the PZ was affected
without involving the TZ; and Score 4 (Fourth line d): Severe when the artifact extends into the TZ

inter-radiologist agreement of rectal artifact evaluation
was assessed using Cohen’s weighted kappa, with the fol-
lowing interpretation: 0.01 to 0.20 indicating poor con-
sistency; 0.21 to 0.40 indicating fair consistency; 0.41 to
0.60 indicating moderate consistency; 0.61 to 0.80 indi-
cating substantial consistency; and 0.81 to 0.99 indicat-
ing almost perfect consistency. The performance of DL
and radiologists was evaluated using the area under the
receiver operating characteristic curve (AUC) and the

area under the multi-reader multi-case receiver operating
characteristic curve, respectively. Differences in AUCs
were compared using DeLong’s test. A significance level
of P<0.05 was considered statistically significant.

Results

Patient characteristics

A total of 1052 patients participated in this study,
with 427 patients in the PCa group and 625 patients in
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Table 3 Rectal artifacts subjective evaluation

Artifact grade ® All non-PCa PCa
cases(n=1052) (n=625) (n=427)
no artifact (Score 1) 647 (61.5) 372(59.5) 275
(64.4)
mild artifact (Score 2) 177 (16.8) 89 (14.2) 88 (20.6)
moderate artifact (Score 3) 132 (12.6) 93 (14.9) 399.1)
severe artifact (Score 4) 96 (9.1) 71(114) 25(5.9)

2 Data in parentheses are percentages

the non-PCa group. Patients in the PCa group (mean
age: 72+8 years, median PSA: 32.18 ng/ml [IQR 9.48,
78.37]) differed significantly from those in the non-PCa
group (mean age: 69 + 8 years, median PSA: 6.46 ng/ml
[IQR 3.16, 11.72]) in terms of age and PSA levels (both
P<0.001). Regarding the PCa group, the diameter of can-
cer lesions without rectal artifacts was approximately
23.2 mm (IQR 20.6, 26.5). In the presence of rectal arti-
facts, the diameter was slightly lower, measuring around
22.5 mm (IQR 19.4, 26.6). When stratified by artifact
severity (mild, moderate, and severe), cancer lesion
diameters were similar: approximately 22.5 mm (IQR
19.4, 28.1) for mild artifacts, 22.3 mm (IQR 19.1, 26.3)
for moderate artifacts, and 22.9 mm (IQR 19.7, 27.9) for
severe artifacts, with no significant differences detected
(0.43<P<0.81). Table 1 presents baseline epidemiologi-
cal and clinicopathological patient characteristics.

Rectal artifact subjective evaluation

Inter-radiologist agreement on rectal artifact evaluation
was perfect (k=0.822). Of the total, 61.5% (647/1052)
of patients showed no rectal artifacts, while 16.8%
(177/1052), 12.6% (132/1052), and 9.1% (96/1052)
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exhibited mild, moderate, and severe rectal artifacts,
respectively. The differences between the PCa group and
non-PCa group in different grades of rectal artifacts were
statistically significant (P<0.001). Details are presented
in Table 3.

Diagnostic accuracy assessment
Figure 3; Table 4 illustrate significant variations in diag-
nostic efficacy among radiologists based on subjective
evaluation. Junior radiologists (R1: AUC 0.70, 95% CIL:
0.67-0.72; R2: AUC 0.72, 95% CI: 0.69—-0.75) showed rel-
atively lower diagnostic efficacy, while intermediate-level
radiologists (R3: AUC 0.77, 95% CI: 0.75—0.80; R4: AUC
0.78, 95% CI: 0.75—0.80) demonstrated better perfor-
mance. Senior radiologists (R5: AUC 0.79, 95% CI: 0.76—
0.81; R6: AUC 0.82, 95% CI: 0.79-0.84) exhibited the
highest diagnostic performance. The average AUC across
all radiologists was 0.76 (95% CI: 0.75-0.78). In terms of
DL performance, the AUC was 0.71 (95% CI: 0.68-0.74).
As shown in Table 5; Fig. 4, the diagnostic performance
without artifacts for junior radiologists was much higher
than that with artifacts (R1: AUC 0.73, 95%CI: 0.69—
0.76 versus 0.64, 95%CIL 0.59-0.69; P=0.01; R2: AUC
0.74, 95%CI: 0.71-0.78 versus 0.67, 95%CIL: 0.63-0.72;
P=0.03). The difference was not statistically significant
(0.10P<0.23) between the diagnostic performance
of the intermediate-level (R3: AUC 0.80, 95%CI: 0.76—
0.82 versus 0.74, 95%CIL 0.70-0.79; P=0.10; R4: AUC
0.80, 95%CI: 0.76-0.82 versus 0.75, 95%CIL: 0.71-0.80;
P=0.13) and senior (R5: AUC 0.81, 95%CI: 0.77-0.83
versus 0.77, 95%CI: 0.72-0.81; P=0.23; R6: AUC 0.83,
95%CI: 0.81-0.86 versus 0.79, 95%CI: 0.74—0.83; P=0.10)
radiologists. In the realm of DL, it was noted that the

100
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Fig. 3 Overall diagnostic performance of radiologists (a) and DL (b). Data inside parentheses represent 95% confidence intervals
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Table 4 PI-RADS scores of radiologists with different experience

PI-RADS ?

625)

Junior radiologists

R1

non-PCa (n

=427)

PCa(n

Senior radiologists

R5

Intermediate-level radiologists

Senior radiologists

R5

Intermediate-level radiologists

Junior radiologists

R1

R6

R4

R3

R2

R6

R4

R3

R2

54 (8.6) 94 (15.0)

83(13.3)

6(1.4) 7(1.7) 41 (6.6) 48 (7.7) 89 (14.3)

5(1.2)

5(1.2) 9(2.1)

57(134)

8(1.9)

243(38.9)

271 (434)
144 (23.1)
97 (15.5)
59 (94)

240 (384)

266 (42.6)
147 (23.5)

64 (10.2)
59 (94)

228 (36.5)

177 (28.3)
186 (29.8)
122 (19.5)
99 (15.8)

51(11.9)

54(12.6)
69 (16.2)

47 (11.0)

61(14.3)
92 (21.5)
48(11.2)

50(11.7)

43(10.1)

(2025) 25:61

237 (37.9)
36 (5.8)

185 (29.6)
59(94)
58(9.3)

151 (24.1)
118(18.9)

80(12.8)

118 (27.6)
39(9.1)

17 (27.4)

106 (24.8)
51(11.9)

51(11.9)

107 (25.1)
64 (14.9)

1524

251(58.8) 212(49.7)

221 (51.8)

208 (48.7) 200 (46.9)

205 (48.0)

2 Data in parentheses are percentages
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diagnostic performance without artifacts was signifi-
cantly higher compared to the performance with artifacts
(DL: AUC 0.77, 95%CI: 0.73-0.80, versus 0.61, 95%CI:
0.57-0.66; P<0.001). There were no statistically signifi-
cant differences in the AUC with different grades of rec-
tal artifacts for all radiologists (0.08<P<0.90) and DL
(0.12 < P<0.96).

As illustrated in Table 6, there were no statistically
significant differences in the AUC with artifacts and
without artifacts for all radiologists in the PZ and TZ
(0.08<P<0.98). However, for DL, the AUC without
artifacts was notably higher than those with artifacts in
both PZ and TZ (DL,,: AUC 0.78, 95%CIL: 0.72-0.83,
versus 0.61, 95%CI: 0.53-0.69; P=0.003; DL;,: AUC
0.73, 95%CI: 0.67-0.77, versus 0.59, 95%CI: 0.52-0.65;
P=0.011).

Discussion

This study assessed the effects of rectal susceptibility
artifacts on both subjective evaluation and DL in PCa
diagnosis. The findings revealed a notable impact of rec-
tal artifacts on diagnostic accuracy, particularly evident
among junior radiologists with limited experience and
the DL algorithm.

Previous studies have explored the impact of rectal
artifacts on the subjective evaluation of PCa. The study
by Antunes [20] indicated that, due to the presence of
rectal artifacts, 36.8% of malignant lesions were underes-
timated. Similarly, Caglic et al. [25] found that rectal dis-
tension had a significant negative impact on the quality of
T2WI and DWI images. Other relevant studies [26—28]
have also indicated that reducing rectal artifacts can sig-
nificantly improve diagnostic accuracy for interpreters.
However, these aforementioned studies did not include
reader experience as an analyzed factor when assessing
the impact of rectal artifacts on diagnostic performance.
Our study found that the impact of rectal artifacts on
diagnostic accuracy varied among radiologists with dif-
ferent levels of experience. This discrepancy is possibly
due to the fact that intermediate-level and senior radiolo-
gists possess richer clinical experience, familiarity with
various artifacts, and the ability to distinguish between
true lesions and artifacts, thereby enabling them to better
interpret prostate MRI images. In contrast, junior radi-
ologists lack sufficient experience, which may lead them
to be influenced by rectal artifacts, thereby affecting their
diagnostic accuracy.

Our study found no significant differences in diagnos-
tic performance between radiologists when assessing
various scores of rectal artifacts. This observation may
be attributed to the inherent characteristics of PCa and
the anatomy of the prostate. Approximately 70-75% of
PCa cases occur in the PZ [6], which is where the rec-
tum is situated behind the prostate. Moreover, the most
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Table 5 Impact of rectal artifacts with different grades on subjective evaluation and DL

AUC Pvalue AUC P value

no artifact Artifact no artifact  mild moderate severe mild vs. moderate mild

vs. artifact moderate vs.severe vs.
severe

R1 0.73(0.69-0.76)  0.64(0.59-0.69)  0.01 0.71(061-0.80)  0.66(0.58-0.73)  0.58(049-0.67) 0.2 0.25 0.13
R2 0.74(0.71-0.78) 0.67(0.63-0.72) 0.03 OA76(O 66-0.84) 0.67(0.59-0.73) 0.63(0.54-0.71)  0.15 06 0.09
R3 0.80(0.76-0.82) 0.74(0.70-0.79) 0.1 0.82(0.73-0.89) 0.74(0.66-0.81) 0.73(066-0.80) 0.18 0.78 0.08
R4 0.80(0.76-0.82)  0.75(0.71-0.80) 0.13 0.77(0.70-0.83)  0.73(0.64-0.82)  0.72(0.65-0.79) 0.64 0.85 0.44
R5 0.81(0.77-0.83) 0.77(0.72-0.81) 0.23 0.82(0.73-0.89) 0.75(0.67-0.82) 0.74(0.67-0.80) 0.3 09 0.21
R6 0.83(0.81-0.86) 0.79(0.74-0.83) 0.1 0.84(0.75-0.90) 0.79(0.71-0.85) 0.77(0.70-0.83) 043 0.74 0.25
DL 0.77(0.73-0.80)  0.61(0.57-0.66)  <0.001 0.65(0.58-0.72)  0.66(0.57-0.74)  0.53(042-0.63) 0.96 0.14 012

Data inside parentheses represent 95% confidence intervals. AUC area under the receiver operating characteristic curve

common location for the accumulation of rectal arti-
facts is also in the PZ [25, 29]. In our study, rectal artifact
scoring was standardized based on the extent of involve-
ment, following the established method [20]. Notably,
rectal artifact scores of 2—4 predominantly affected the
PZ, while artifacts originating from the rectal region and
radiating outward mainly impacted the PZ, with the cen-
tral zone experiencing lighter accumulation of rectal arti-
facts. This consistency in artifact distribution across the
PZ may explain the lack of statistically significant differ-
ences in diagnostic performance across different scores
of rectal artifacts.

Similarly to subjective evaluation, the diagnostic per-
formance of DL also indicates that rectal artifacts inter-
fere with its effectiveness, resulting in reduced diagnostic
efficacy, and there is no notable variance in DL diagnostic
performance across patients with varying degrees of rec-
tal artifacts. This emphasizes the need for cautious inter-
pretation of diagnostic results provided by DL models
for patients with poor image quality in clinical practice.
However, the impact of rectal artifacts on DL is more
complex and challenging to explain. Prior studies [30]
have shown that DL is more sensitive to small perturba-
tions in images compared to human visual evaluation.
Even slight changes in angle, the addition of local noise,
or the alteration of a single pixel can lead to misdiagnosis
or missed diagnosis in well-trained models.

Diagnostic errors caused by rectal susceptibility arti-
facts can have significant implications for patient treat-
ment strategies, particularly when distinguishing
between low-risk and high-risk PCa. For low-risk PCa,
misdiagnosis or underestimation due to artifacts may
lead to unnecessary interventions, such as overtreatment
with surgery or radiation, which can negatively impact
the patient’s quality of life. Conversely, in high-risk PCa,
missed or inaccurately characterized lesions can result
in delayed or insufficient treatment, potentially leading
to disease progression and poorer prognoses. Therefore,
understanding and mitigating the influence of rectal
artifacts is essential to optimizing patient outcomes and
ensuring appropriate treatment stratification.

Our study suggested the importance of developing
specific MRI scanning and diagnostic strategies to miti-
gate the impact of rectal artifacts in subsequent clinical
practice. Currently, efforts to mitigate rectal artifacts in
prostate imaging primarily focus on clinical strategies
and imaging techniques. For instance, pre-MRI bowel
preparation has been shown to effectively reduce the
occurrence of rectal artifacts [12]. Furthermore, more
advanced imaging technologies, such as reduced field of
view imaging [19], parallel imaging, and segmented read-
out echo planar imaging (EPI) sequences [31], have also
been demonstrated to reduce the severity of macroscopic
rectal artifacts to some extent, thus reducing the impact
of rectal artifacts on the diagnosis of PCa. However, since
rectal artifacts cannot be completely eliminated at pres-
ent, their influence on DL remains. DL models often
struggle with generalization when exposed to imag-
ing artifacts not present in the training data, leading to
decreased diagnostic performance. To enhance robust-
ness, future work should focus on training DL models
with artifact-augmented datasets. By artificially introduc-
ing rectal artifacts during the training phase, models can
learn to identify and compensate for these distortions,
thereby improving their reliability in real-world clini-
cal settings. Additionally, incorporating advanced tech-
niques may further bolster the resilience of DL models
against artifacts.

Recent advancements in DL have introduced tech-
niques such as domain adaptation and adversarial train-
ing to address the issue of imaging artifacts [32]. Domain
adaptation methods allow DL models to generalize bet-
ter across datasets with varying artifact characteristics
by aligning feature distributions from different domains,
thereby enhancing model robustness. Adversarial train-
ing, on the other hand, involves exposing the model to
intentionally perturbed inputs during the training phase,
enabling it to learn features that are less sensitive to arti-
facts and noise. Our recent study [23] highlighted the effi-
cacy of adversarial training in enhancing model resilience
against common imaging artifacts, thus reducing diag-
nostic errors. Despite these advancements, a certain gap
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Fig. 4 Diagnostic performance of radiologists (a-f) and DL (g) in patients with artifact and without artifact. Data inside parentheses represent 95% con-

fidence intervals

in diagnostic performance still exists between patients
with and without rectal artifacts, even when using these
enhanced DL techniques. This underscores the need for
continuous development and validation of robust algo-
rithms capable of effectively mitigating the impact of arti-
facts in clinical settings.

The present study is subject to several limitations.
Firstly, its retrospective design incorporates data from
only two medical centers, which may introduce selec-
tion bias and limit the generalizability of the findings.
In our future studies, we plan to include more diverse

populations across multiple centers and expand the num-
ber of readers. Additionally, we will conduct prospective
validation to further substantiate the conclusions of this
study. Currently, assessment of rectal artifact severity
relies on subjective scoring, which introduces the pos-
sibility of evaluation bias. To overcome this limitation,
future research should explore the development of auto-
mated scoring systems or DL-based artifact detection
methods. Automated approaches can provide consis-
tent, objective evaluations of artifact severity, reducing
inter-observer variability and enhancing reproducibility.
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Table 6 Impact of rectal artifacts with lesion location on subjective evaluation and DL

74 TZ
AUC P value AUC Pvalue
no artifact artifact no artifact vs. artifact no artifact artifact no artifact vs. artifact
R1 0.64(0.57-0.70) 0.60(0.51-0.68) 043 0.66(0.60-0.71) 0.59(0.52-0.65) 0.23
R2 0.66(0.58-0.72) 0.61(0.52-0.69) 0.5 0.73(0.67-0.77) 0.64(0.57-0.70) 0.08
R3 0.75(0.69-0.81) 0.72(0.64-0.79) 0.49 0.72(0.66-0.76) 0.70(0.64-0.76) 0.93
R4 0.77(0.69-0.83) 0.71(0.65-0.77) 0.32 0.75(0.69-0.79) 0.68(0.62-0.74) 0.25
RS 0.76(0.67-0.82) 0.73(0.66-0.78) 0.62 0.75(0.69-0.79) 0.72(0.66-0.76) 063
R6 0.84(0.78-0.88) 0.76(0.68-0.83) 0.09 0.76(0.70-0.80) 0.75(0.69-0.79) 0.98
DL 0.78(0.72-0.83) 0.62(0.53-0.70) 0.003 0.73(0.67-0.77) 0.60(0.53-0.66) 0011

Data inside parentheses represent 95% confidence intervals. PZ peripheral zone, TZ transitional zone, AUC area under the receiver operating characteristic curve

Implementing DL algorithms trained to recognize and
quantify rectal artifacts could streamline the diagnostic
process, minimize human error, and improve the accu-
racy of PCa detection in clinical settings. Finally, while
this study primarily addresses the impact of artifacts on
individual diagnosticians, including both radiologists and
DL models, it does not delve into the potential for col-
laboration between human expertise and artificial intel-
ligence. The integration of radiologists’ experience with
the computational power of DL could be a promising
approach to mitigate the effects of artifacts on diagnos-
tic accuracy. This collaborative approach, where human
intuition and model predictions complement each other,
remains an important avenue for future research to
explore. In our subsequent research, we aim to investi-
gate this collaboration in more detail to further enhance
diagnostic outcomes.

Conclusions

In conclusion, rectal susceptibility artifacts significantly
impact both subjective evaluation and DL-based mod-
els for PCa classification, with noticeable differences
between the two methods.
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