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Femtosecond Surgery
Corneal Reshaping for Vision Correction

Courtesy: T. Juhasz, R. Kurtz, G. Mourou
Enabled through chirped-pulse amplification (CPA) lasers

24 million patients treated — Nobel Prize Physics 2018
(Strickland and Mourou)



Lund Laser Medicine Group 1983 - Medical Laser Centre 1991 -
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1984
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Multicolor imaging and contrast enhancement Optics
in cancer-tumor localization using laser-induced fluorescence Lett.
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S. Montan, K. Svanberg,* and S. Svanberg 1990
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Example of Cross-Disciplinary Approach at Lund University:
Environmental Monitoring connected to Biophotonics
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Along the same lines: |
Interdisciplinary Sensing Group in Applied Laser Spectroscopy

South China Normal University, Guangzhou
(Katarina Svanberg, Sune Svanberg; LU researcher with part-time China affiliation)

Environment - Ecology - Agriculture - Food Safety - Biomedicine
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PDT of basal
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Br. J. Derm. (1994)




PECTRACURE




PDT interstitial treatment -
of recurrent
prostate cancer
Integrated with dosimetr
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Interstitial PDT of recurrent
prostate cancer

Treatment planning Fiber positioning Therapy
Nathan Perlis and Robert Weersink, Princess Margret Hospital, Toronto

(April?OTY)
Clinical studies in Toronto, Philadelphia and London




Fluorescence

Diagnostics
of Malignant Disease

ALA Tumour scan pre PDT
Basalioma

Normal skin Tumour Normal skin
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Flow cytometry in cancer research
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Intensity (a.u.)

Raman
Spectroscopy
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S. Palsson et al. (2003)
Clinical study on 64 patients

N. Bendsoe et al.
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Picosecond Diode Laser Transillumination
Image of ductal cancer in female breast
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Berg, Jarlman, Svanberg (1993)




Optical Coherence Tomography

Fiber-optic Scattering Object

Michelson
Short Coherence | Interferometer
Light Source |
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Cardiovascular applicationS  nmeitegsted diagrostics Vessel
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Atherosclerotic coronary artery real-time diagnostics
(spectral and temporal)

20 years ago....



aser-produced hard X-rays
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Optics in scattering media




Gas In Scattering Media Absorption Spectroscopy
(GASMAYS)
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Tissue and Free-Gas Absorption

Absorption of light in tissue
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Spectroscopy on Pharmaceutical Tablets — Coll. AstraZeneca

Porosity studies/delayed release
Time domain, TOF/Lidar

Frequency domain, oxygen
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Fighting antibiotics resistance

A global challenge!
Antibiotics only work on bacteria — not on virii !
Sinusitis - Otitis

Mitomycin
Novobiocin
Amphotericin
Vancomycin
Neomycin Cephalosporin
Virginiamycin
Chlortetracycline Gentamicin
Candicidin Monensin
Chloramphenicol Tylosin  Adriamycin
Spiramycin  Pristinamycin Teicoplanin
Bacitracin Tetracycline Tylosin  Avoparcin
Erythromycin  Kasugamycin Thienamycin
Streptomycin  Oleandomycin Fosfomycin  Lovastatin
Streptothricin Griseofulvin Polyoxin Rapamycin

Actinomycin Rifamycin  Cyclosporin Avermectin  Spinosyn a—— .
Penicillin Oxytetracycline  Bleomycin Bialaphos  Nikkomycin Epothilone «1 . .
Gramicidin  Nystatin Kanamycin Lincomycin Tacrolimus PharmaCy Verl_-] few new éllltl].)lOthS

1940 1950 1960 1970 1980 1990 2000 1N GuangZhOU; free avallablllty' are developed
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Percentage of carrier of antibiotic resistant bacteria

ALARMING!
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Fighting Antibiotics | at i)
Resistance
Sinusitis diagnostic by
laser-spectroscopic
measurement of oxygen
and water vapour
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Clinical study on 40 patients
Lewander et al. Rhinology (2012) — Results comparable to CT

Collaboration:
S. Lindberg
R. Siemund
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Middle ear infection (otitis)
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FOOD MONITORING — FOOD SAFETY - FRESHNESS
Most food is packed

in modified atmosphere

(low O2, high N2, CO2)

Milk, bread, meat, eggs ..

Lewander et al.; Li et al.
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Detection of free oxygen and water vapor in hen eggs

Exploration of diagnostics possibilities
Lietal. J. Blophotonlcs 2017 2018

| 1271
9.29
T T T T
6 12 15 18 21
Time(day)

==f==0xygen

== ater vapor

Fertilized

£25

= Ratiocurve
—Fitting curve

Egg 5 gas exchange

Fertilized |

Raw dat
~——Fitting curve
| S
10 20 30 40 50 60
Time(min)
EggCg hangs
35%10 ;
s

T06 05000

Unfertilized!

T~10min 1 Gas diffusion

15
Time (day)

NN
S & 8

Time Constant (min)

LAY
Fitting curve
water vapour
Fitting curve

o
n

6 8 10 12 14 16 18 20
Time (day)

04

03

02

o
-

o

Ratio of oxvaen/water vapour



Femural head necrosis detection L

-4

. . x 10
Fiber-optic probes 4 60
— B
S E 50
(3] —
~ o
~ E g 40
=) >
7] 3
o
§ = 30
-
> ¥
‘G 5 20
5] 2
= o
= 2 10
3+
O
4]
(@) (b) 0 Al A2 A3 A4 A5 A6 A7 A8 A9 A10
Detector : — T T T i RN (b)

Chen et al. 2018

Intensity of 2f signal (a.u.)

i Lietal 2017
A

Diode laser

Optical fiber

Bone sample

Amplifier

Connector box to DAQ card
Computer




Q
—

Absorption Coefficient, u, (cm'1)

Patient oxygenation monitoring
In general, and In intensive care

Steady-state or time-resolving diagnostics?
Different approaches...

CW-NIRS
LD

Blood
pressure
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Arterial catheter
Venous catheter
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PTOFS
Blood
pressure
cuff

Krite Svanberg et al. (2015, and to appear)
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Photoacoustics for oxygenation studies

] Rare-earth filter

\ Filtered photons
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Lihong Wang et al. Walther, Krdll et al., BOE (2017)

Temporalis arthritis ~ Scheikh, Malmsjo et al. (2018)  Skin vascular bed



Neonatal/Premature child monitoring

Lack of surfactant — lung problem! Eliminate X-rays! 24 h cot-side monitoring of O2
P. Lundin et al., V. Fellman, Krite-Svanberg et al. (2015), and ongoing ...
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Adult free-oxygen-in-lung monitoring?
With respirator feed-back?
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Examples of biomarking gases - - indicating disease

Biomarkers Metabolic Disorders / Diseases

Acetone (OC(CHjz),) Lung cancer, diabetes, dietary fat losses, congestive heart failure,
braimn seizure

Acetaldehyde (CH;CHO) Alcoholism, liver related diseases, lung cancer

Ammonia (NH;) Renal diseases, asthma

Butane (C,H,,) Tumor marker n lung cancer

Carbon monoxide (CO) Oxidative stress, respiratory infection, anaemias

Breath analysis by laser spectroscopy

Mode-locked fiber laser 1 L/min gas flow Cylindrical ViPA eta mﬂVertical diffration
in enhancement cg/ity lens | Grating
| — o — .’M
Horizontal
diffraction

Imaging Lens

InGaAs Camera
Tedlar bag

From: Thorpe et al.: Opt. Exp. 2008



Going beyond the borders.....




Realistic Applications for the Developlng World
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LED Multispectral microscopy malaria detection
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The perspective:



