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Early Diagnosis from MRI

● Study on Behavioral Frontotemporal Dementia (bvFTD) 
diagnosis from MRI

● Binary classification (bvFTD vs control) from whole-brain MRI

● Volumetric 3D attention models

● Cross-dataset Evaluation

Di Benedetto et al. "Deep networks for behavioral variant frontotemporal dementia identification 
from multiple acquisition sources." Computers in Biology and Medicine 148 (2022): 105937.
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Evaluation of Input Processing

Di Benedetto et al. "Deep networks for behavioral variant frontotemporal dementia identification 
from multiple acquisition sources." Computers in Biology and Medicine 148 (2022): 105937.

● T1 Weighted
○ modulated (mwp) vs non-modulated (wm)
○ whitened vs non-whitened

● Region Masking / Selection
○ Whole-brain volume as input

○ Frontotemporal Region (FT) as input

○ Several Regions as inputs (ROI)
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Volumetric Models

Di Benedetto et al. "Deep networks for behavioral variant frontotemporal dementia identification 
from multiple acquisition sources." Computers in Biology and Medicine 148 (2022): 105937.

Volumetric 3D Attention-based models

Baselines
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Cross-dataset Evaluation

Di Benedetto et al. "Deep networks for behavioral variant frontotemporal dementia identification 
from multiple acquisition sources." Computers in Biology and Medicine 148 (2022): 105937.

● Datasets
○ FTLDNI (110 Control, 50 bvFTD)
○ CMND (24 Control, 30 bvFTD)

● AuROC (train and validation on CMND & blind test on FTLDNI, mean+-std 
on 5 runs)
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under Raters’ Uncertainty
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Counting Perineuronal Nets
● Perineuronal Nets (PNNs): structures 

surrounding neurons that have a role in 
neuroplasticity

● Goal: estimation of density of PNNs in the 
brain in “control” and “disease/treatment” 
conditions

● Slicing, Staining, Microscopy & Count
○ ~60 images with ~120MP
○ 2-3 man-months for counting only

● We would want an AI to do the counting
○ 2-3 months → several minutes

● Let’s pretend to be a neuroscientist

Ciampi, L., Carrara, F., Totaro, V., Mazziotti, R., Lupori, L., Santiago, C., Amato, G., Pizzorusso, T. and Gennaro, C.
2022. Learning to count biological structures with raters’ uncertainty. Medical Image Analysis, p.102500.
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Ciampi, L., Carrara, F., Totaro, V., Mazziotti, R., Lupori, L., Santiago, C., Amato, G., Pizzorusso, T. and Gennaro, C.
2022. Learning to count biological structures with raters’ uncertainty. Medical Image Analysis, p.102500.
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Counting Perineuronal Nets

Expert Rater A

Expert Rater B

Ciampi, L., Carrara, F., Totaro, V., Mazziotti, R., Lupori, L., Santiago, C., Amato, G., Pizzorusso, T. and Gennaro, C.
2022. Learning to count biological structures with raters’ uncertainty. Medical Image Analysis, p.102500.
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Motivation
● Manually counting non-trivial biological structures may 

produce weak labels, even with expert raters

○ agreement is ≤ 70% when counting PNNs

● Training AI on weakly labeled datasets may introduce 
raters’ bias into the model

● Naive solution: get more reliable labels by averaging 
several decisions from multiple raters

○ Expensive
○ You get small datasets (usually not enough for AI)

⇒ use small multi-rater datasets to model uncertainty of 
patterns

⇒ obtain cell counts at a desired level of certainty
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Our Solution: A two-stage Counting Pipeline

Stage 1:
Localization
(learned from single-rater 
weakly-labeled samples)

Stage 2:
Scoring
(learned from few 
multi-rater samples)

HIGH  LOW
CONFIDENCE

Filter & Count

Ciampi, L., Carrara, F., Totaro, V., Mazziotti, R., Lupori, L., Santiago, C., Amato, G., Pizzorusso, T. and Gennaro, C.
2022. Learning to count biological structures with raters’ uncertainty. Medical Image Analysis, p.102500.
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Evaluation

66% → 75%
(Pearson’s Correlation between

Predicted Scores and Raters’ Agreement)

Reduction of Counting Error across 
multiple Ground Truth settings 

Ground Truth composed by samples found by:

At least 
one rater

≥ 50% of 
raters

≥ 70% of 
raters All raters

-20% -59% -70% -73%
(19.13 → 14.87) (14.67 → 6.00) (15.80 → 4.73) (13.87 → 3.73)

w/o rescoring

BASELINE

w/ rescoring

OURS

Ciampi, L., Carrara, F., Totaro, V., Mazziotti, R., Lupori, L., Santiago, C., Amato, G., Pizzorusso, T. and Gennaro, C.
2022. Learning to count biological structures with raters’ uncertainty. Medical Image Analysis, p.102500.
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Optimized AI for Real-time 
Pupillometry
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Pupillometry
● Pupillometry: measure pupil fluctuations over 

time; proxy for cognitive/emotional processing

● Alteration in pupil dynamics can be a 
translational biomarker for neurodevelopmental 
disorders (e.g., autism, Rett syndrome).

● Commercial eye/pupil trackers are expensive 
and technical skills are needed (fallback: offline 
recordings and manual segmentation).

⇒ exploit AI to build a cheap and accessible setup for pupillometry!

Mazziotti, R., Carrara, F., Viglione, A., Lupori, L., Verde, L.L., Benedetto, A., Ricci, G., Sagona, G., Amato, G. and Pizzorusso, T.
2021. MEYE: Web App for Translational and Real-Time Pupillometry. Eneuro, 8(5).
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MEYE
A real-time, open source, 
easy-to-use, portable tool for 
pupillometry in online video 
streams and offline 
recordings.

Optimized pupil 
segmentation model (0.1MB) 
provides fast segmentation 
of pupils in different 
scenarios (human & mice, IR 
and 2P lightning).

Runs in your browser! At Home!

https://www.pupillometry.it/

Also in Python/MATLAB environments:

https://github.com/fabiocarrara/meye

Mazziotti, R., Carrara, F., Viglione, A., Lupori, L., Verde, L.L., Benedetto, A., Ricci, G., Sagona, G., Amato, G. and Pizzorusso, T.
2021. MEYE: Web App for Translational and Real-Time Pupillometry. Eneuro, 8(5).

https://www.pupillometry.it/
https://github.com/fabiocarrara/meye
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Comparison with EyeLink® 1000
MEye (Free) &
USB IR Camera + 
Varifocal Lens
(~50€)

EyeLink 1000 System (many €€€)

Mazziotti, R., Carrara, F., Viglione, A., Lupori, L., Verde, L.L., Benedetto, A., Ricci, G., Sagona, G., Amato, G. and Pizzorusso, T.
2021. MEYE: Web App for Translational and Real-Time Pupillometry. Eneuro, 8(5).
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Architectural Optimization for Fast Pupillometry

Mazziotti, R., Carrara, F., Viglione, A., Lupori, L., Verde, L.L., Benedetto, A., Ricci, G., Sagona, G., Amato, G. and Pizzorusso, T.
2021. MEYE: Web App for Translational and Real-Time Pupillometry. Eneuro, 8(5).
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Evaluation on Mice and Humans

Mazziotti, R., Carrara, F., Viglione, A., Lupori, L., Verde, L.L., Benedetto, A., Ricci, G., Sagona, G., Amato, G. and Pizzorusso, T.
2021. MEYE: Web App for Translational and Real-Time Pupillometry. Eneuro, 8(5).
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Our Solution: A two-stage Counting Pipeline

Three localization strategies f𝜃 :

Detection (FRCNN)

Density Estimation (D-CSRNet)

Segmentation (S-Unet)

Four scoring strategies g𝜃 :

Agreement Regression (AR) 

Agreement Classification (AC) 

Agreement Ordinal Regression (OR) 

Agreement Rank Learning (LR)

Stage 1:
Localization
(learned from single-rater 
weakly-labeled samples)

Stage 2:
Scoring
(learned from few 
multi-rater samples)

HIGH  LOW
CONFIDENCE

Filter & Count

Ciampi, L., Carrara, F., Totaro, V., Mazziotti, R., Lupori, L., Santiago, C., Amato, G., Pizzorusso, T. and Gennaro, C.
2022. Learning to count biological structures with raters’ uncertainty. Medical Image Analysis, p.102500.
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Stage 1: Localization

3 Localization 
Strategies (fΘ)

Detection (FRCNN)

Density Estimation (D-CSRNet)

Segmentation (S-Unet)

Detection (FRCNN)1. Density Estimation (D-CSRNet)2. Segmentation (S-Unet)3.

Ciampi, L., Carrara, F., Totaro, V., Mazziotti, R., Lupori, L., Santiago, C., Amato, G., Pizzorusso, T. and Gennaro, C.
2022. Learning to count biological structures with raters’ uncertainty. Medical Image Analysis, p.102500.
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Stage 2: Scoring

4 Scoring 
Strategies (gΘ)

Agreement Regression (AR)

Agreement Classification (AC)

Agreement Ordinal Regression (OR)

Agreement Rank Learning (LR)

Agreement Regression (AR)1. Agreement Classification (AC)2. Agreement Ordinal Regression (OR)3. Agreement Rank Learning (LR)4.

0

1

nobody would 
label this

everybody 
would label this

0

1

0 out of 7

7 out of 7

1 out of 7

…

6 out of 7

Model learns thresholds during training

CLASSES:

- 0 out of 7 would label this

- 1 out of 7 would label this

…

- 6 out of 7 would label this

- 7 out of 7 would label this

0 out of 7
sample

1 out of 7
sample

7 out of 7
sample

nobody would 
label this

everybody 
would label this

< < <

…

…

Model is penalized during training if 
scores are not sorted properly.

Ciampi, L., Carrara, F., Totaro, V., Mazziotti, R., Lupori, L., Santiago, C., Amato, G., Pizzorusso, T. and Gennaro, C.
2022. Learning to count biological structures with raters’ uncertainty. Medical Image Analysis, p.102500.


