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Alzheimer’s Disease Diagnosis from sMRI

Source: https://doi.org/10.1016/S1474-4422(20)30314-8; https://alzimaging.com/ ; https://open.win.ox.ac.uk/pages/fslcourse/lectures/Struc_P1E4.pdf
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Alzheimer’s Disease Diagnosis from sMRI
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Alzheimer’s Disease Diagnosis from sMRI

In summary:

• Performing an early, accurate, and objective diagnosis of Alzheimer’s Disease is still an 
open challenge

• sMRI image-biomarkers are routinely employed to support clinical evaluation with semi-
quantitative scales and automated software

• Brain atrophy in Medial Temporal Lobe structures (e.g. entorhinal cortex, hippocampus), Limbic structures, 
Cortical region, white matter hyperintensities in Frontal lobes

• Current guidelines and practices present limited detection capabilities

➢ Exploit Explainable Deep Learning to support sMRI analysis and 

for potential image-biomarkers discovery
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PIPNet3D

This looks 
like

Local Explainability

Global 
Explainability
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PIPNet3D

Learn semantically meaningful 
image prototypes
Self-supervised training paradigm to 
automatically learn image part-prototypes in 
line with human-concepts

Optimize for compactness
Loss function that optimizes for a sparse scoring sheet decision 
layer
Handle Out-of-Distribution data
Abstain from decisions when there’s no relevant detected 
prototypes

October 6th, 2024 iMIMIC Workshop @MICCAI 2021 6
Original PIPNet, doi:10.1109/CVPR52729.2023.00269



PIPNet3D

Data collection: “ADNI1 Standardized 
Screening Data Collection for 1.5T” sMRI
from the Alzheimer’s Disease Neuroimaging 
Initiative (ADNI): 307 Cognitively Normal 
(CN) and 243 Alzheimer’s Disease (AD) 
different subjects
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Prototype Evaluation

The Co-12 evaluation framework 
of explainability
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The Co-12: https://dl.acm.org/doi/10.1145/3583558

https://dl.acm.org/doi/10.1145/3583558


Prototype Evaluation

Functionally-Grounded Evaluation: Prototype Brain Entropy
Assess purity in terms of brain regions included

Compute 
Shannon Entropy

𝐻𝑝
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Prototype Evaluation

Prototype #1, low 𝐻𝑝 Prototype #2, high 𝐻𝑝

Functionally-Grounded Evaluation: Prototype Brain Entropy
Assess purity in terms of brain regions included
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Prototype Evaluation

Functionally-Grounded Evaluation: Prototype Localization Consistency 
Assess if the same prototype is detected in the same anatomical brain regions for different images

• Evaluate the part-prototype coordinate centre in every test image 𝑉𝑂𝐼𝑐𝑐,𝑝ȁ𝑖𝑚𝑔

• Compute the average coordinate centre 𝑉𝑂𝐼𝑐𝑐,𝑝
• Compute:

𝐿𝐶𝑝 = 

𝑖𝑚𝑔

ȁȁ𝑉𝑂𝐼𝑐𝑐,𝑝ȁ𝑖𝑚𝑔 − 𝑉𝑂𝐼𝑐𝑐,𝑝ȁȁ

𝑙 3
+𝒄𝒄

VOI
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Prototype Evaluation

Functionally-Grounded Evaluation: Prototype Localization Consistency 
Assess if the same prototype is detected in the same anatomical brain regions for different images

Prototype #1, localized into different images
Image #2 Image #1 
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Prototype Evaluation

Expert Evaluation
Assess prototype coherency w.r.t. domain knowledge

All the prototype from the 5-fold ResNet18 was 
analysed by two radiologists from Marburg University 
Hospital using a survey with a 6 pts Likert scale

Localization Coherence

Pattern Coherence

Classification Coherence 
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Prototype Evaluation

Expert Evaluation
Assess prototype coherency w.r.t. domain knowledge

All the prototype from the 5-fold ResNet18 was 
analysed by two radiologists from Marburg University 
Hospital using a survey with a 6 pts Likert scale

• Assess the inter-user agreement with the Interclass 
Correlation Coefficient (ICC)

• For every prototype, compute the average Localization, 
Pattern and Classification Coherency 

• Consider as coherent a score > 3.5
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ICC: 1) 0.80;  2) 0.76; 3) 0.85



Prototype Evaluation

PIPNet3D under the Co-12 framework
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Prototype Evaluation
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Reduced n° of class-specific prototypes

Part-prototypes consistently located in the same brain 
regions (small 𝐿𝐶𝑝)

Lower Localization Coherence for CN prototypes but 
with a Coherent Pattern

Worse AD Pattern 
Coherence for 
fold with lower 

AD Recall

Precision Recall
CN AD CN AD

M1 0.88 0.81 0.84 0.86
M2 0.85 0.78 0.82 0.82
M3 0.81 0.84 0.89 0.73
M4 0.77 1 1 0.62
M5 0.81 0.78 0.84 0.75



Prototype Evaluation

Removing clinically irrelevant 
prototypes improved the model's 
compactness without impacting 

performances
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Conclusions

PIPNet3D is an interpretable part-prototype 3D classifier

PIPNet3D performs equally well to its corresponding black-box
baseline to AD diagnosis from sMRI with a reduced number of 
part-prototype

We proposed two novel metrics for functionally grounded 
evaluations: 

➢ Prototype Brain Entropy and Prototype Localization Consistency 

We proposed a domain-experts generalizable evaluation setup
for Coherency (Localization, Pattern, Classification) and 
observed:

i) PIPNet3D aligns well with domain knowledge
ii) Removing clinically irrelevant prototypes improved the 

model's compactness without impacting performances
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Future Work:
• Include intermediate

level of cognitive 
impairment (E-MCI, 
MCI, L-MCI) 

• Integrate clinical 
information, e.g. 
Patient’s Age
➢ PIMPNet



Thank You!
Questions?

Eng. Lisa Anita De Santi, PhD Student, 
Department of Information Engineering, University of Pisa
Fondazione G.Monasterio – Bioengineering Unit

lisa.desanti@phd.unipi.it
desanti@monasterio.it
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