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Objectives
Handheld laser properties

Prove they are not a threat to vision while flying

Self- Assessment for aircrew and algorithm for providers

Special considerations

Ultimately stop: “Hey, doc! We were lazed at flight level 180. The entire crew is asymptomatic, 
but we need to be evaluated right now at 0300.”



LASER
Acronym: Light Amplification by Stimulated Emission of Radiation

Coherent and Directional

Ubiquitous: class room, astronomy, guns



Irradiance
Power Density = Power/(𝜋𝜋r2) = irradiance

Helps determine hazard distances

Power and beam divergence 



Nominal Ocular Hazard Distance (NOHD)
Distance at which beam irradiance falls below 2.5 mW/cm2

Maximum Permissible Exposure (MPE)

Inadvertent exposure where the average person would blink and turn away in 0.25s, which is the 
blink reflex



Nominal Ocular Hazard Distance
At NOHD the laser is at MPE

MPE is set to be 1/10 ED50

ED50 : effective dose at 50% population (in this case smallest detectable damage to retina)



Nominal Ocular Hazard Distance
Eye damage does not occur at NOHD!

NOHD concept includes a built-in safety margin
◦ MPE is 1/10 ED50

◦ ED50 is at roughly 1/3rd the distance of NOHD (31.6%)
◦ Damage to retina unlikely between ED50 and NOHD



Wavelength
Visible wavelength has no affect on NOHD
◦ Not a variable in the formula

Wavelength does affect visual interference



Wavelength
Most sensitive to green at 555nm

532nm green, most consumer lasers, 88% as bright

635nm red appears 27% as bright as 532nm green

532nm blue appears 3.5% bright as 532 nm green





Most powerful consumer handheld laser found through simple search engine

30W or 30,000mW

NOHD: 2678.1 Feet

ED50 : 847.5 Feet



So, outside of 1000 ft, eye damage is virtually impossible



FAA report 2011, 2012, 2015, 2016
4 years: 22,218 laser incidents

170 listed as one or more eye effects or injuries

Percent of incidents that actually had one or more eye effects or injuries reported: 0.77%

1 person claimed retinal damage (unable to verify based on data)



Reported Eye Effects
Flash blindness/blind spots/pain/burning/glare/blurred vision/headache/double vision/watering 
eye/distracted



Discrediting Some Effects
Pain: retinal disease is painless, laser absorption in the retina does not cause pain
◦ Cornea: plethora of nerve endings, however, visible light is not absorbed in the cornea, therefore no 

pain

Watery eyes/Itchiness:
◦ Tendency to rub eyes and/or hypervigilance 
◦ This may lead to damaging the cornea and engendering pain



Most Important Reported
Distractions: result of flash blindness/glare



Common Bright Light Scenarios
Flash blindness from camera, slit lamp, ophthalmoscope 
◦ Bright residual ‘spots’ that spontaneously resolve over the course of minutes
◦ Rhodopsin bleaching

Inadvertent laser pointer in office or class room

These don’t cause panic



Case Study
Deliberate and controlled exposure to eye prior to enucleation
◦ 3A green laser to the fovea of 55 yo woman with ring melanoma
◦ Took 60 seconds to produce damage
◦ Not happening to air crew



Self-Assessment 



Before Any Self- Assessment
Maintain control of the aircraft!



Self-Assessment Example
British Civil Aviation Authority (CAA)
◦ Created an Aviation Laser Exposure Self-Assessment (ALESA)
◦ 2 page brochure with amsler grid and algorithm





Even Simpler
No symptoms…

…no problem!
◦ Previously demonstrated that it is impossible to cause damage



Aircrew still not convinced?
Amsler Grid: Useful
◦ What if aircrew doesn’t want to carry extra paperwork?

Reading: dash-1, HUD, literature: No significant central retina damage



Simple Assessment For Providers
Laser

Direct

Symptoms

Resolved

Reassurance

Persistent 
(distorted 

vision/blind spots) 

Seek Medical 
Attention

No Symptoms

Reassurance

Indirect

Reassurance



Special Considerations



Night Vision Goggles
What if aircrew is wearing night vision goggles?
◦ Reassurance: the optics will ‘bloom out’, damaging the equipment



Caveat: Non-weaponized and Ground 
Based Attacks
No modification to laser
◦ Minimizing divergence
◦ Increased irradiance

Unmanned Aerial Systems: aka drones
◦ Mounted lasers

Future threats?



Critical Phases of Flight
Final approach and take off
◦ The closer the ground, the greater propensity for eye injury 
◦ The real threat is distraction: potential for missed approaches or worse
◦ No aircraft mishap to date secondary to laser exposure*



Take Home Message
Retinal damage is impossible for aircrew

Cornea damage is impossible

Reassurance is key

Aircrew may follow up during regular clinic hours



Thank you!
Questions???
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