Vision Research Program

Be the model of transformational vision research for our armed forces and the nation

Improve the care of military personnel affected by eye injuries and diseases by identifying
clinical needs and addressing them through directed medical research efforts

The Vision Research Program (VRP) was created and funded by Congress in FY09, and has
awarded 67 grants totaling $49.7 million to researchers addressing penetrating eye injuries, corneal
healing, retinal/corneal protection, visual dysfunction associated with traumatic brain injury, the

eye blast phenomenon, and vision rehabilitation.

* FY09-FY10 VRP: 120 pre-applications were received, 50 were invited to submit full proposals,
and 12 projects were funded for a total of $11 million.

* FY11-FY12: 151 pre-applications were received, 50 were invited to submit full proposals, and
21 projects were funded for a total of $13.8 million.

* FY13-FY14: 275 pre-applications were received, 151 were invited to submit full proposals, and

34 projects were funded for a total of $24.9M.

Research to effectively treat acute eye damage
can have long term implications for an
individual’s vision health, productivity and
quality of life for the remainder of military
service and into civilian life. The vision program
focuses on the causes, effects and treatment

of eye injury and diseases that, despite their
different mechanisms and pathogenesis, all have
a common end result: degeneration of the critical
components of the eye and impairment or loss

of vision.

+ A 2012 study using published data from
2000-2010 estimated that deployment-
related eye injuries and blindness have
cost the U.S. $2.3 billion a year, yielding a
total of $25.1 billion, driven primarily by
the present value of long-term benefits, lost
wages, and family care.
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+ Traumatic eye injury from penetrating
wounds and Traumatic Brain Injury (TBI)-
related visual disorders ranks second only
to hearing loss as the most common injury
among “active” military:

- Traumatic eye injuries have accounted
for upwards of 16 percent of all injuries
in Operation Enduring Freedom (OEF)
and Operation Iraqi Freedom (OIF).

- Eye-injured soldiers have only a 20
percent return-to-duty rate as compared
to an 80 percent rate for other battle
trauma injuries.

- The Vision Center of Excellence reports
197,000 OEF/OIF veterans with eye
injuries since 2000, as well as ~ 75
percent of all TBI patients experience
short- or long-term visual disorders
(double vision, light sensitivity, inability
to read print, and other cognitive
impairments).



The Vision Research Program has supported the development of:
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A portable, hand-held device to analyze the pupil’s reaction to light,
enabling rapid diagnosis of TBI-related visual dysfunction.

Examples of Neuroptics video frames with different eye features marked
using the Componica EyeClipMarkerTM system. Eye features include the
pupil (green dots), limbus (yellow dots), upper eyelid (white dots), and lower
eyelid (cyan dots). Occluded feature points are marked in red, and are
excluded when training the tracking algorithms.

Sheila Nirenberg, Cornell University

A new kind of prosthesis that has the potential to be much
more effective than standard vision restoration approaches
by developing an algorithm which converts visual input
(i.e., images) into a neural code that can be understood by the
X brain. Using this conversion as an “encoder” during the signal
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much closer to normal vision.

ENCODER TRANSDUCER
Top: In retinal degenerative diseases, suffered by civilians and

veterans alike, the photoreceptors and neighboring cells degenerate, but the retina’s output cells remain largely
intact. This opens the door to a prosthetic treatment. A device can jump over the damaged tissue and provide
direct stimulation to the output cells, allowing them to send signals to the brain. Bottom: The device mimics the
operations performed by the retina, that is, it transforms images into the code used by the output cells, and then
it stimulates the output cells so they can send the code onto the brain. As shown, the device has two parts: a) a
camera/encoder component, which takes images in and converts them into the code, and b) a transducer, which
drives the output cells to send the code onward.

Thao (Vicky) Nguyen, Johns Hopkins University

A validated computational model of the human eye globe to investigate
injury mechanisms of a primary blast wave from an Improvised
Explosive Device (IED), which has accounted for 70 percent of the blast
injuries in Iraq and Afghanistan. The model determines the stresses
on and deformations to the eye globe and surrounding supporting
structures to enable the DoD to develop more effective eye protection
strategies.

Simulation of the impact of the blast wave on the (a) unprotected eye,

(b) eye protected by spectacles, and (c) the eye protected by goggles. The
color contours indicate the blast pressure, and the black arrows indicate
= oy S e 1 the velocity vectors of the blast wave. The highest pressure loading
——— 100 —_— developed at the eye in the unprotected cases because the brow and nasal
protrusion act as reflectors focusing the blast wave on the eye. The spectacles and goggles deflected most of the
blast wave from the eye, but allowed a small fraction of underwash through the small gaps with the face. (d)
The pressure history at a point on the eye comparing the unprotected eye, eye protected by spectacles, and eye
protected by goggles for blasts from two different charge masses.

James Weiland, University of Southern California

A vision enhancement system that uses modern mobile
computing and wireless technology, coupled with novel computer
vision (i.e., object recognition programs) and human-computer
interfacing strategies, to assist visually impaired veterans
undergoing vision rehabilitation to navigate, find objects of
interest, and interact with people.

Veteran with TBI related vision loss uses a prototype wearable
visual aid to locate an object.
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