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Disclosure

ÅIn this presentation I will discuss devices approved 
by the FDA as well as devices that are not 
approved by the FDA and off-label use of 
approved devices

ÅEDJ receives royalties from Vanderbilt University 
through IP licensing

üLockheed-Martin Corporation.



Why use Lasers in Medicine?

ÅUnique Properties of lasers:
üMonochromatic (one color of light) ïselective absorption

üCollimated (intense, parallel beam of light)

üCoherent (letôs not worry about this oneé.)

üPolarized (or this oneé.)

ÅNeeds in Medicine:

üTherapy: Light changes tissue

üDiagnosis: Tissue changes light

o Sensing

o Imaging

Enabling technology:

fiberoptics

Laser



Why use Lasers in Medicine?

ÅPrecision, resolution, sensitivity

ÅPotential impact on health care: 

V better care

V more accessible care

V less expensive ($$, pain, suffering) care

V faster care



Bulb versus lasers

Lightsource Power Intensity

Sun 1026 Watt 5 W/mm2

100 Watt light bulb 3 Watt 0.1 mW/mm2

Helium-Neon-Laser 1 mWatt 400 W/mm2

CO2 Laser 60 Watt 50 kW/mm2

Pulsed Laser 1 GWatt 1000 GW/mm2



History of Lasers and Laser Medicine
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Track Record
Medical lasers are all over the world

Å>1 million treatments / month

Å> ½ million diagnostics / month

Åremove kidney stones

Åprevent and treat blindness 

Åcure skin diseases

Åadvanced, practical imaging

Åa ñpipelineò of technologies Ą impact



Academic

Excellence

Industry/

Entrepreneurship

Federal Government

A True Partnership

NIH

(basic biosciences)

DOD

(mission driven, technology & medical research)

NSF

(science & technology)



Some examples

ÅTherapeutic lasers (laser light changing tissue)

üPort wine stain

üSkin resurfacing

üScar revision

üBurn wounds

üLASIK

üCateractsurgery

üéé



8 months 2 years 6 years

ωPulsed dye lasers, 585-595 nm 
ω7 Ą 12 J/cm2 with cooling
ωStart early (< 6 mo of age)
ω6-20 treatments, monthly
ω~60% can be cleared, if earlyA small ñtargetò blood vessel

is selectively damaged by Laser 
Courtesy of Dr. Rox Anderson, Harvard Medical School

Port Wine Stain treatment



Pulsed Dye Laser Therapy of PWS 

Excellent Response

Pre-Treatment After 3 

Treatments

Courtesy of Dr. Stuart Nelson, Beckman Laser Institute, UC Irvine



Alexandrite (755 nm) Laser Therapy of PWS 

Excellent Response

Pre-Treatment After 6

Treatments

Courtesy of Dr. Stuart Nelson, Beckman Laser Institute, UC Irvine



Skin resurfacing
ÅHeat / coagulate skin 

(collagen)

ÅShrinks

ÅRemodels (new 
collagen formation)

ÅWhat happens when 
you put a hamburger on 
the barbecue??



Some examples

ÅDiagnostic use of Lasers (tissue changing light)
üBrain tumor resection guidance

üImaging modalities

o microscope

o endoscope

o OCT, DOT, Raman, confocal, fluorescence, etc.

üPulse oximetry

üGlucose sensing (diabetes)

üé..



What is Optical Diagnosis?
ÅUse light as the initiator

ÅUse a detector such as your eye

ÅMore sophisticated instruments do not take away 

from this basic idea



The Challenge (Clinical): Remove a Brain Tumor

ÅIdentify brain tumor margins in real-time in the OR to 
guide tumor resection

üDegree of resection clearly influences recurrence and 
overall survival of brain tumor patients.

üIncomplete resection occurs routinely due to the diffuse 
boundary of primary brain tumors

Courtesy of Dr. Anita Mahadevan-Jansen, 

Vanderbilt University
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Courtesy of Dr. Anita Mahadevan-Jansen, Vanderbilt University



Craniotomy case (Glioma)
FluorescenceDiffuse Reflectance

Tumor

Discrimination image

Normal

Tumor

Cortex

Courtesy of Dr. Anita Mahadevan-Jansen, 

Vanderbilt University



Optical Coherence Tomography (OCT)
ÅWorld-wide use for eyes

ÅNow, in clinical studies for heart disease, cancers, ñsmartò needles

Å100 times higher resolution than MRI or CT scans

ÅPoint-of-careimaging for efficient diagnosis + guided treatment

Courtesy of Drs. Gary Tierney / Brett Bouma

Harvard Medical School



Pre-treatment Post-stent treatment

X-ray angiography of stent placementOFDI image of intracoronary stent

Courtesy of Drs. Gary Tierney / Brett Bouma, Harvard Medical School
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