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Abstract

Crohn’s disease is a chronic inflammatory bowel disease, and accurate detection of inflammatory regions in MRE images is
essential for its diagnosis and severity assessment. Traditional single-slice-based MRE analysis fails to capture the spatial context
across consecutive slices, limiting detection performance. This study proposes a Multi-Slice Multi-Label (MSML) method that
integrates spatial context into the YOLOv4 model. By assigning labels based on the occurrence frequency of inflammatory regions
across three consecutive slices, the method enhances spatial awareness. Experimental results demonstrate that the proposed
MSML approach achieves higher mAP (69.27%) and improved detection consistency compared to single-slice-based models,

while also reducing false positive detections.
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Table 1: Statistics of inflammatory bowel diseases dataset.

Train Validation Test  Total
# of patients
All 104 52 52 208
sMARIA =0 14 7 7 28
sMARIA € (0, 8) 53 26 26 105
sMARIA > 8 37 19 19 75
# of slices 8038 4474 4030 16542
Avg. # of boxes
All 38.1 33.1 408 37.5
sMARIA =0 0 0 0 0
sMARIA € (0,8) 26.3 25.7 377 29.0
sMARIA > 8 69.5 554  60.1 63.5
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Figure 1: Overview of various input data generation methods.
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Table 2: Statistics of MSML bounding boxes in our dataset.

# of boxes Train Validation Test Total
Total 3966 1721 2123 7810
MSML (Label 1) 254 77 140 471
MSML (Label 2) 1639 675 846 3160
MSML (Label 3) 2073 969 1137 4179
| INPUT | | BACKBONE |

Downsampling

| psamping |

YOLO v3

Downsampling

Upsamp\lng

=

CSPDarknet53

Single-Slice-Single-Label

Path Aggregation Network

1x1

Max pooling 5 x 5

Max pooling 9 x 9

Max pooling 13 x 13

Spatial Pyramid Pooling

)
 Label 2 (proposed)
Multi-Slice-Multi-Label

[z Label 3 (proposed) Multi-Label

Figure 2: Architecture of YOLOv4 model.
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Table 3: Comparison of bowel inflammation detection results between the baseline and the proposed methods for All GT.

All GT mAP (%) Precision (%) Recall (%)

Methods @10 @50 | @10 @50 | @10 @50
SSSL (Baseline) 68.83 6227 | 66.17 58.16 | 70.54 65.46
MSSL (s = 1) 63.60 56.48 59.84 51.31 65.84 60.33
MSSL (s = 2) 65.30 58.03 61.84 53.77 67.44 61.42
MSSL (s = 3) 66.95 60.90 64.56 57.19 68.71 63.77
MSML (s = 1) 69.27 63.06 67.10 59.68 70.90 65.85
MSML (s = 2) 67.45 61.52 65.56 58.23 69.41 64.45
MSML (s = 3) 67.65 62.11 65.93 59.27 69.18 64.71

Table 4: Comparison of bowel inflammation detection results between the baseline and the proposed methods for Label 3 GT.

Label 3 GT mAP (%) Precision (%) Recall (%)

Methods @10 @50 |  @I0 @0 |  @l0 @50

SSSL (Baseline) 68.15 6249 | 6515 5829 | 69.85 65.45

MSSL (s = 1) 62.06 55.82 58.15 50.9 64.05 59.24

MSSL (s = 2) 62.67 57.28 59.13 533 64.6 60.13

MSSL (s = 3) 63.22 59.41 60.66 56.39 64.79 61.65

MSML (s = 1) 71.01 66.21 69.45 63.29 72.36 68.24

MSML (s = 2) 65.45 61.08 63.13 57.89 67.06 63.39

MSML (s = 3) 74.18 71.38 73.86 70.25 75.07 72.59
AEAT B Label 30] 0% vheq HAme oo B shelshd
5SS, S SSSLAMSMLA S R SIS g4t o 3 9% 3 9i(Label 3 GTyol el Ak 9 v
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: Ground Truth |:| : Prediction ‘ : FP Reduction : Slice Consistency

(b) MSML (s = 1)

Figure 3: Examples of bowel inflammation detection results comparing slice-wise consistency between the baseline and the proposed
method.

: Ground Truth |:| : Prediction ‘ : FP Reduction : Slice Consistency

(b) MSML (s = 1)

Figure 4: Examples of bowel inflammation detection results comparing fasle positive reduction between the baseline and the proposed
method.
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