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INTRODUCTION
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METHODOLOGY

• Strategy: 3D full-resolution nnU-Net[5];
• Fusion strategies for representative lung mask: OLP, AVG, LC;
• IVIM fitting: voxel-wise two-step least-squares (MATLAB).
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Fig 1. Procedure of FGR Classification using IVIM Parameters.

DATA DESCRIPTION AND EXPERIMENTS

• Dataset: 95 4D diffusion-weighted MR images from 30 pregnant women.

• Data preprocessing:

• Data split: 80% training / 20% testing 
• Balanced for GA, FGR/control ratio, orientation, and image intensity

Fig 2. Fetal lung visibility in different views. (A) Coronal and (B) axial views show clear boundaries, while (C) 
sagittal view has poor definition.

• GA: 20-36 weeks (median: 
27+6 weeks)

• b-values (Strength of diffusion 
gradients) : 0 to 600 s/mm2

• Repetition time (TR) = 3700 ms
• Echo time (TE) = 73 ms
• Slice thickness = 6 mm
• Inter-slice spacing = 7.2 mm
• Acquisition matrix = 148 × 128
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Fig 3. Data preprocessing steps before nnU-Net training.

RESULT

• Auto-segmentation result:
Test set: 18 images(6 fetuses) 
Mean Dice: 82.14 ± 6.68%

• Factors affecting 
segmentation accuracy:
• No group effect;
• No view effect;
• Improved with GA.

• Manual vs Auto IVIM Parameters
• No significant differences across all fusion strategies (all p ≥ 0.1603) 
• No significant differences in variability metrics (all p ≥ 0.0851) 
• AVG showed the best overall agreement

Table 1. Paired t-test p-values comparing Manual vs. Automatic segmentations for mean parameters and intra-mask variability metrics.

• Coefficient of variation (CV) analysis: 
• Higher inter-subject variability in FGR than controls 
• AVG showed the smallest CV difference (28.4%) 

Table 2. Intra-group Coefficient of Variation (CV) for IVIM Parameters, comparing fusion strategies, Manual vs Automatic segmentations and control vs FGR.

CONCLUSION

• We achieved automated fetal lung segmentation of fetal DWI-MRI. 
• DL segmentation achieved manual-grade IVIM quantification.
• oeTLV-based model demonstrated strong potential for FGR classification.

• FGR classification: The oeTLV analysis achieved an AUC of 0.9924 in the 
23-case training set and showed consistent separation between FGR and 
controls in the test set.
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• Fetal Growth Restriction impairs fetal 
development, leading to preterm delivery[1].Clinical motivation

• Fetal lung matures late and is vulnerable to 
developmental impairment in FGR[2].Why fetal lung?

• IVIM-MRI enables non-invasive assessment, 
but current analysis is labour-intensive[3,4].Why MRI + DL?

𝑏: diffusion weighting (b-value);
𝑆(𝑏): signal at 𝑏;
𝑆0: signal at 𝑏 = 0; 
𝑓: perfusion fraction;
𝐷∗:pseudo-diffusion coefficient;
𝐷: tissue diffusion coefficient.
IVIM model separates the effect 
of pure diffusion (𝐷) and blood 
perfusion(𝑓) 

• Total lung volume (TLV) was the only significant 
parameter distinguishing FGR from controls (p = 
0.003).

𝑆 𝑏 = 𝑆0 𝑓 exp −𝐷∗𝑏 + 1 − 𝑓 exp −𝐷𝑏

• The expected TLV was calculated using a reported TLV–GA relationship[7]:
𝑇𝐿𝑉𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 = −0.0132 ⋅ 𝐺𝐴3 + 1.14 ⋅ 𝐺𝐴2 − 27.38 ⋅ 𝐺𝐴 + 207.50

where GA is the gestational age in weeks.

• FGR Classification using observed-to-expected total lung volume(oeTLV):
𝑇𝐿𝑉𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑

𝑇𝐿𝑉𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑

• The IVIM mathematical model[6]:

Fig 4. Relationship between GA and the Dice coefficient
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