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*A challenge for Al efforts



Outline

1. Biological problem (vascular repair)
2. New technology (super-resolution ultrasound)
3. Challenge you to think about Al applications



The vascular problem: deliver oxygen &
nutrients, remove waste

Global solution (>cm): genetics (but
how?)

Local solution (10 yum-mm): cells sense
and use simple rules: grow, regress,
branch, etc.

>nmetri0al, /

bespoke arrangement
of vessels

» Every cell within ~100
um of blood vessel

Wikimedia + ChatGPT Ji, et al., PNAS 123, €2521872123 (2026)




Vascular “computer” makes dynamic choices

Brain of teenage-adult mice Skin of baby mice
L‘-L\_; mg\

Regression Branching + growth o

Permanent growth after hypoxia Grow, test, regress

Harb, et al., JCBFM 33, 146 (2013) Kam, et al., Cell 186, 2435 (2023)



Aiding vascular remodeling is key to many
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How to understand and aid vascular

recovery’

Boxed regions: watershed

What prevents this?

>

>

>

>

Diabetes

Hypertension

Genetics
Immunodeficiency
Aging (>1 week in mice!)

What are failure points?

Redistribute blood flow

Recruit existing collaterals

Expanding capillaries into arteries

Growing new capillaries

Immune recruitment/inflammatory signaling

>

>

>

>

>

Many clinical trial failures: no known drugs to restore vascular structure



New technology to solve spatiotemporal

tradeoff in vascular imaging

tradeoff
Smaller structures longitudinally - - Large structures at one time
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Two-photon microscopy

Ji, et al., PNAS 123, 2521872123 (2026) Kirst, et al., Cell 180, P780 (2020



Quick aside: how does ultrasound imaging
work"?

Returning echo Emitted sound waves

\C

Image: OpenStax, University Physics Vol. 1, Ch. 17, via Wikimedia Commons. CC BY 4.0.




Quick aside: how does ultrasound imaging
work"?

Returning echo Emitted sound waves

t =2L/c

L=ct/2

Image: OpenStax, University Physics Vol. 1, Ch. 17, via Wikimedia Commons. CC BY 4.0.




How to turn this into an image?

Image: OpenStax, University Physics Vol. 1, Ch. 17, via Wikimedia Cgmmons. CC BY 4.0.

Returning echo Emitted sound w \
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Thank you, Claude code! Programmed with manim, same toolbox at 3blue1brown



Receive signal Transducer ‘
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Ultrasound natively generates enormous data

rates

ARRAY AMP ADC BUS
N >— ADC
I—— — anc
. - — - 20 GB/s

peak

|—>— ADC

><2'5O channels 40 MS/s - 16 bit

i 1 I I & —/NB

5 angles x 70 ys = one image per image

My lab: 1000 images per second = © GB/s sustained



Super-resolution ultrasound works by
localizing moving microbubbles

Fgtaet s gl ububble
L L #"'.'! .

Wl gl AR Y 4 super-resolution

fe, t e s T 8.\ localization

ultrasound
signal
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- SR to localize smaller than a
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arteriole
Chong, et al., Abdominal

Radiology 50 um
43. 762 (2018)




Super-resolution ultrasound works by
Iocalizing moving microbubbles
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Chong, et al., Abdominal

Radiology 50 pym
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Super-resolution ultrasound works by
localizing moving microbubbles

P s T OB ,
— 5 " Computationally map vascular
- Wl tworks and hemodynamics
#f" II:I' l-ﬁ' & '.1 netwo Y
b -|.b o -‘.I. - -h #i

G phospholipid molecule

SF; gas

Requires:
» High-frame-rate ultrasound machine (3-6 GB/s)
» Extended imaging sessions (>10 minutes)

» 6 GB/s x 10 minutes =34 TB arteriole

UTNory, ©t ail., Apauorriiriai

Radiology 50 pym
43. 762 (2018)




Deep learning-aided microbubble tracking
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Shin, et al., Nature Comm. 15, 2932 (2024)



Example: hindlimb imaging in my lab

No microbubbles

r ! ‘
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Dr. El Houcine Dr. Kaustubh Naik  Maruf Hossain

El Fatimi




Example: hindlimb imaging in my lab

With microbubbles

CRES- i)
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Dr. El Houcine Dr. Kaustubh Naik  Maruf Hossain
El Fatimi




Example: hindlimb imaging in my lab

Dr. El Houcine
El Fatimi



Example: hindlimb imaging in my lab

speed (mm/s)

Dr. El Houcine Dr. Kaustubh Naik  Maruf Hossain
El Fatimi



Example: cerebrovascular imaging

A =
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Dr. El Houcine Maruf Hossain Dr. Ryan
El Fatimi Abou-Antoun Bowen




What about 3D?
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20261020_hindlimb_ischemia_3d ischemia
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Where is the Al?

» Super-res data is limited, not standardized

» Standard ultrasound: anatomical locations are
difficult to align

» 3D imaging could help, rarely used in the clinic

» Where is Al helping?
* Well-known, clear anatomy (heart, fetus)
» Cross-translation (with MRI or CT)



Echocardiogram: currently manual intensive
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Right atrium_

Interatrial septum

O MAYO FOUNDATICN FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED.

cardiologyinstitute.co.nz



Echocardiogram: currently manual intensive

» Evaluate heart 1
function from 2D P
iImages at different
phases of heart cycle

» Evaluate LV
ejection fraction,
etc.

» Manual annotation,
lots of clicking,
operator dependent




EchoNet: automating echocardiograms

Tricuspid valve —
Aortic valve —is

Right atrium__ L.

Interatrial septum _

: Jat 4

cardiologyinstitute.co.nz

Arrhythmia

Normal

Low
ejection
fraction

https://github.com/echonet/dynamic



Do we need echocardiograms?

|v4f | |
’M /-\\..-—._-—/\J / predict

| | |

ECG electrocardiogram

Q: Is this the right prediction task?

“Far better an approximate answer to the right question,
which is often vague, than an exact answer to the wrong
guestion, which can always be made precise.” - John Tukey

Poterucha, et al., Nature 644, 221-230 (2025)
Obermeyer, et al., Nature 655, 210-218 (2026)



Do we need echocardiograms?

"

i) /L_Jd% Mi'/ predict

R peak to
QRS end

| \\ outcomes

Poterucha, et al., Nature 644, 221-230 (2025)
Obermeyer, et al., Nature 655, 210-218 (2026)



Al for ischemic strokes (CT, not ultrasound)

MRN: 100460569
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Stroke detection (viz.ai)

Yahav-Dovrat, et al., AUINR Am. J. Neuroradiol. 42, 247-254 (2021)



Can Al predict changing vascular structure?

Day O

» Healthy mouse
hindlimb over 4
weeks

» Can Al predict
vascular network,
changes?

30

# 25

mmy/s)

speed (




Can Al explain how networks redistribute?

>

Before Nitroglycerin 50
Can Al explain - 15
complex changes in 0
vascular flow? E
Perturb with =
vasodilators, age, 0
transgenic models, Q

etc.

Q: What else can we learn from super-resolution ultrasound images?

with Akhilesh Kotiyal and Amynah



Check time

T <1:45pm T>=1.45pm

Skip to last section

Functional brain imaging (ask me afterwards)



fuS: “TMRI” for ultrasound

Neuropixels Ultrasound
probe transducer
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SC: superior colliculus
LGN: lateral geniculate nucleus
VPM: ventroposterior medial nucleus of the thalamus

Lambert, et al., Imaging Neuroscience 45, 491 (2025)
Montaldo, et al., Annual Review of Neuroscience 45, 491 (2022)

Activity map



Functional ultrasound imaging of stroke in rat

. . : : : . Right stimulation
Imaglng session Whisker stimulation paradlgm Left hemisphere Right hemisphere

e 20° deflection / 5Hz / 5s
e Alternation Right/Left
e 45 stimuli/whisker/hr

Right
0 20 40 60 80 Time(s)
0 25 50 75 100Frame
Imaging session 8 |
e 1hr Pre-stroke (4,500 frames) i o .;4»,,.%‘,';‘“\:' %
e MCA occlusion — Pre-stroke —1-2hr Post-stroke
e 3hrs Post-stroke (13,500 frames) —o-1hr Post-stroke — 2-3hr Post-stroke

Post-stroke

Right comb

S1BF: somatosensory barrel-field cortex
Po: posterior nucleus of the thalamus
VPM: ventroposterior medial nucleus of the thalamus

Brunner, et al., eLife 12, RP88919 (2023)



Functional ultrasound imaging of stroke in rat

Imagmg SEssIon Pre-stroke Post-stroke
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Functional ultrasound (fUS) imaging of neural

Functional ultrasound imaging of stroke in awake rats.
Clément Brunner, Gabriel Montaldo and Alan Urban

Movie of thalamo-cortical functional responses to left and right
whisker before and 3hrs after stroke onset.

’ Fondation
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Biology questions are not "well posed™: can Al
help?



What else can Al do for biology?

NEW YORKER

ANNALS OF MATHEMATICS

THE YEAR MATH CHANGED FOREVER

AL is solvin g problems that stumped the freld for decades. Mathematicians look to Terence Tao for guidance on
their altered world.

By Rivka Galchen
November 1, 2026

“The landscape had now changed to one of proof
abundance” - Terence Tao

“Lifecycle” of the collateral
circulation

» Maybe proof abundance is \€< RJ
what biology needs v
» Can we state problems in

biology clearly enough for

proofs?




Biology relies on emergence: local decisions

lead to emergent structures

1. Can we predict emergent (robust) structures from simples
rules?

2. Can we predict their failure in aging, disease?
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Example: phase diagram of repair

A

damaged Q a
tissue

fibroblasts 1
& f
macrophages |

t' 3
A T ,
myofibroblasts i2

pe |
monocytes j

blood vessel

1. TGF-B, IL-13, PDGF
2. CCL2
3. M-CSF

4. PDGF > z-

Biology schematic
12+ variables

Adler, et al., iScience. 23, 100841 (2020)
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Simple circuit

mF M

N

Even simpler circuit



Example: phase diagram of repair
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Can we prove healthy/disease stability in
m O re CO m p I eX SySte m S ? “Lifecycle” of the collateral

circulation .
Quantify repair factors: ‘ T " “J

collateral

» Redistribute blood flow rarefction

Recruit existing collaterals ,
Expanding capillaries into arteries -
tyimcﬂon

Growing new capillaries
Immune recruitment/inflammatory signaling™"

neo-collateral

v v v VY

What does a biological theory look like™?

» Regions of healthy/disease stability (robust to small
changes)

» Predictions of temporal perturbations (drugs) that drive the
systems towards health?

Faber, JCBFM 45, 1007 (2025)
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Can we monitor vascular disease down to single microvessels

S,Q?QQQ - Stroke (in mice) Microvasculature Neural circuits

» Can we watch microvessels remodel to
restore perfusion to the damaged infarct?

» How do neural circuits remap as vascular
remodeling restores perfusion?

In collaboration with Prof. Jin-Moo Lee

Project 2: PAD and diabetes (mice)

» Can we watch collateralization dynamics after arteria
blockage, and how does diabetes inhibit recovery?

» How do novel regenerative medicines work at the
microvascular level?

In collaboration with Prof. Jianjun Guan

D

Project 3: Cancer in humans
» Can we identify benign vs malignant status and avoid ‘

biopsies
» Can we identify responders and non-responds early? |
In collaboration with Prof. Quing Zhu, Malak Itani, William

R AZ_I_II L .

Cancer Research Bldg (next to library)
martilab.com Huang, et al., Phys. In Med. & Bio. 66, 08NT01 (2021
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