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Therapeutic Laser Applications

This group focuses on the use of lasers in surgery or in other
treatments of disease. This includes the use of lasers as surgical tools
for tissue cutting, welding, and coagulation, as well as the use of
optics to initiate cell-damaging photochemical reactions for the
treatment of diseases such as cancer. In addition, optics,
spectroscopy, and imaging provide unigue tools that may allow real-
time diagnostics of the efficacy of clinical procedures. For many of

these applications, the development of optical tools for appropriate light delivery, especially for fiber-
based or endoscopic delivery to tissues that are not directly accessible, is critical. In addition, this
group emphasizes basic science studies of the mechanisms by which light can affect tissue in adverse
or therapeutic ways.

Upcoming Webinar

Measuring Intracranial Pressure Using Diffuse Correlation Spectroscopy
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Announcements

If you are a member of the Therapeutic Laser
Applications Technical Group and have ideas for
activities and initiatives to help engage this
community, please share them with the chair,
Elina Vitol.

View OSA Technical Group webinars on-demand
at any time or register for any of our upcoming
webinars online. Each webinar is an hour long
and features a technical presentation on a topic
selected by your OSA Technical Groups.

Join our Online Community

Find us on [

Work in Optics




We want you to join us!
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» Select Therapeutic Laser Applications as one of 5 technical groups of interest

at your OSA membership account page
» Attend our networking events, webinars, poster sessions and more!
» Join us on LinkedIln and Facebook to keep in touch m 'i

» Interested in presenting your research? Have ideas for technical group events?

Want to reach out to your fellow group members?

» Contact us at elina.vitol@gmail.com or TGactivities@osa.orq

* Previous webinars hosted by our group are available for on-demand viewing:

https://www.osa.org/en-us/get_involved/technical _groups/technical_group webinars/#ondemand
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Group activities in 2020

o Therapeutic
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» April 2020, Best Poster Presentation Award at OSA Biophotonics Congress, in
collaboration with several other TGs from Biomedical Optics Division

Award winners:

Arindam Biswas, University of South Florida
Lorenzo Cortese, ICFO-The Institute of Photonic Sciences

» September 2020, Special talk at Frontiers in Optics 2020

Volumetric imaging of the eye and brain by optical coherence tomography by
Bernhard Baumann, Medical University of Vienna

» October 2020, Webinar

Photobiomodulation for treatment of traumatic brain injury and other brain
disorders by Michael R. Hamblin, Harvard Medical School and Wellman Center
for Photomedicine at Massachusetts General Hospital
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MEASURING INTRACRANIAL PRESSURE USING
DIFFUSE CORRELATION SPECTROSCOPY

Jana M. Kainerstorfer, PhD

Associate Professor of Biomedical Engineering
Carnegie Mellon University

December 2, 2020
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Non-invasive intracranial pressure sensing with
near-infrared light

Jana Kainerstorfer, Ph.D.
Associate Professor
Carnegie Mellon University

OSA Therapeutic Laser Applications technical group webinar
December 2™ 2020
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Hemoglobin concentration in tissue can be
guantified with light

* Non-invasive
* Portable systems

* Monitoring at bedside or at home Red and
. . . . ) > infrared
ultraviolet  visible light near infrared light
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Information about hemoglobin
content can be obtained
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Near-infrared spectroscopy sensors

* Commercial instruments exist
* Due to absorption of light, changes in hemoglobin concentration can be measured

Optical probe

Wearable sensors
Detector

} Sources

Artinis, Netherlands
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Hemoglobin concentration changes during

functional activation
Functional Task
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Intracranial pressure and impaired neuronal

function
BRSESRE Hydrocephalus Traumatic Brain Injury
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CSF buildup in the brain https://www.brainline.org

https://www.ohsu.edu

Increased intracranial pressure is associated with worse
neurological outcome in patients




Measure hemodynamic changes in the brain to
determine intracranial pressure

Approach 1
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Near-Infrared Spectroscopy

ISS OxiplexTS

« 5-50 Hz sampling

 690nm and 830nm

« 2 detectors

« Source-detector distance = 2cm

M
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Diffuse Correlation Spectroscopy

« Sampling at 100 Hz
* Long coherence laser
« A=785nm or 850nm

» 4 detectors recording at a single
location

» Source-detector distance = 2cm

Temporal Intensity Autocorrelations
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Animal model

* Non-human primate model e Diffuse Correlation Spectroscopy

Blood Flow
Catheter  pcs - * Near-Infrared Spectroscopy
g:isssol:;re Hbo; Hb

Saline
Reservoir

Elevated ICP

&)
o

ICP [mmH(g]

o

Normal ICP
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Animal study to induce intracranial pressure changes

* Non-Human Primates with invasive pressure sensor

\

Catheter NIRS
NIRS

Pressure
Sensor

ICP oscillation




‘© 38
T 36 1|
34
Example E 32
n 30 U
c28f VY
° Cerebral Perfusion 235 240 245 250 255 260 265
Pressure =100 Time [min]
I
— CPP = MAP - ICP £
£ 90
* Blood pressure doesn’t 0
. . M
respond to oscillation < 80 l . . . . .
235 240 245 250 255 260 265
. 0.0-1 - 9.06 Hz | Time [min]
oscillations are induced Ses |
€ a0l
é60
0 55 ¢
O 50 N

235 240 245 250 255 260 265
Time [min]




Example data of induced ICP and ABP oscillations
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* Fluid pressure
oscillation translate
to cerebral
hemodynamic
changes
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Transfer function analysis for non-invasive ICP

* Non-parametric

* Frequency domain —0.22z + 0.22
H —
o (2) = G5 1 02227 + 1332 — 0.65

* Discrete value
e 2 Zeros, 4 Poles
e Least-square error fit of parameters

Catheter —

icp- _— "+ NIRS — AHBO

Sensor

A 4

Harbo(2) 1 AICPyrs

A. Ruesch et al., JCBFM, 2019
waw™y/ A.Ruesch et al,, BOEx, 2020




Relative changes in ICP extracted with NIRS

 Example of two NG
different animals at = o, H
high ICP (40mmHg) £ o f
* Application of transfer & [
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Non-invasive pressure sensing is possible

 Transfer function _ 46
S 44
approach allows: T 10 !‘, YT ﬂ
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* What is missing: 26}
— Detection of pathologic
ICP

— Offset detection of ICP

. . . . A. Ruesch et al., JCBFM, 2019
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Pulse waveform change with pressure

ICP waveform changes with
ICP baseline

Tidal wave increases due to
impedance change

Our Hypothesis:

— Same impedance change will
also influence cerebral blood
flow (CBF) pulse wave

Pulse intensity

Normal ICP

Pl: Percussion wave

P2:Tidal wave

P3: Dicrotic wave

|

Dicrotic notch

Time

Pulse intensity

Mild elevation

P1l: Percussion wave

1

P2:Tidal wave

P3: Dicrotic wave

|

Dicrotic notch

Time



Diffuse Correlation Spectroscopy

« Sampling at 100 Hz

Catheter DCS

Long coherence laser NIRS

e A=785nm or 850nm Pressure
Sensor

» 4 detectors recording at a single
location

» Source-detector distance = 2cm

Temporal Intensity Autocorrelations

oW Flow
= High Flow | 1

o 1@ 1E+D)

(I(t))*

0.9 . . .
1077 106 1073 1074 10-3 102
Delay Time (7)

Carnegie Mellon University —r AN VAN




Diffuse Correlation Spectroscopy

* CBF changes in the microvasculature
* Beat to beat CBF changes can be monitored
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Pulse Averaging - Setup

(=2
=

=

DCS probes

* DCS placed on forehead and
arm
—d=2.5cm
— A =850nm

— 4-bundled ‘few’ mode fibers
(5.8um)

EKG electrodes

* EKG tags 60 pulses

2 Carnegie Mellon University



Blood Flow Changes with Head of Bed Tilting

e Can we measure the local £ ————

microvasculature impedance?

— Can this be indicative of
disease state?

* DCS placed on the head and
arm

Down tilt

£
S
LN

* Increase ICP by inversion




Human results — Head of Bed Tilting

Flat Initial
Down 40
Flat Return

* 100 pulses averaged at
50Hz bandwidth

* Head shows
morphological change in
flow when tilting

 Arm shows little change
in flow
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Cardiac Pulse Waveform as a Function of ICP

* |CP cardiac pulse waveform changes with baseline
Cerebral blood flow .. Intracranial pressure

251 Or 30
DCS

20t l\\ 1

15| ‘ 25

10 [ 0.5r \ -
. m 0 E 115 %
Hypothesis: S Lk 5 051 2
Similar changesare | R A 10
observable in the 451 | |
5
cerebral blood flow ! ’ 15
pulse wave 25— - - ' 2 - - - 0
0 200 400 600 0 200 400 600
Time [ms] Time [ms]

A. Ruesch et al., JCBFM, 2019
waw™y/ A.Ruesch et al,, BOEx, 2020




The Decision Forest as a Machine Learning Tool

Regression tree S() :
* Regression Forest . } I

e Continuous values
opposed to discrete
classes

* Value given by
distribution of ground
truth values in every
terminal node b

)

Criminisi A., et al., Springer. E-pub, February 2013.

Carnegie Mellon University o,




Feature extraction

* Single pulses are determined by peak finding algorithm

* Averaging of 60 pulses for increased SNR

e C(Calculate average ICP in the given time window as ground truth
* Use features in regression forest

Peak Height

FWHM

Saline Peak Prominence

Reservoir

Elevated ICP
fe====/=T====7"9

ICP Pulsation
CBF Pulsation
<

Time ] Time

Area
under the

CBF Pulsation

|CP Pulsation X
CBF Pulsation X

Normal ICP
j
|

Time Time Time




e Using feature based machine

CBF Pulsation

Machine Learning for ICP Calculation

Peak Height — 1 w i
FWHM

L.‘.----.l

Area
under the
curve

learning (regression forest)

15,
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Absolute ICP can be extracted

* Changed over time can also be extracted
* One example animal shown
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A. Ruesch et al., JCBFM, 2019
waw™y/ A.Ruesch et al,, BOEx, 2020




External ventriculy =~
——

Clinical Translation

* Collaboration with the Children’s
Hospital of UPMC of Pittsburgh

e Pediatric Intensive Care Unit
 Measure hemodynamics on

pediatric TBI and Hydrocephalus
patients

e Co-Localized DCS and NIRS
e With ICP monitor or ventricular drain

* Until today: 4 subjects with a total of
12 hours of data

..........

ICP ICP ICP | ICP o P——
. ttps://meetings.ami.org/2019/project
Test Baseline | check check check check extzrnal-ventriiuIar-draignage-der\’/iaje/
X
Cae’@Q 5@ S w* > > o ¥

Carnegie Mellon University L VA



Clinical Translation
— Low Frequency Correlation in Humans
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Clinical Translation
— Low Frequency Correlation in Humans
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Carnegie Mellon University

250

Predicting changes in
ICP using NIRS and non-
human primate transfer
function shows promising
preliminary results



Summary and Conclusions

e Relative changes in intracranial pressure

I ‘ A
with NIRS and transfer function analysis o /

| : J I
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e (Quantitative estimation based on

o1 -
o A NONDMOO

regression forest tree 0 5 10 15 20 25 30

Time [min]

— AICP;,,~ AICPys

e C(Clinical translation — measure children
with hydrocephalus and traumatic brain

injury =
Use Optical Measure Use Machine Estimate %
Imaging Blood Flow Learning Pressure 5

ICP
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