MEDICINE

Medical sensation at Tubingen's University Clinihysicians restore basic vision to the blind. Theakthrough came with a microchip
implanted under the retina.

iika's miracle becomes clear only
when the shadowy world in which
he lives is known.
"My life is like driving through thick fog",
says the 45-year-old Finn.
In his eyes, the world is only a place of
billowing lighter and darker masses without
contour or color: "Shadows with no particular
shape come and go in front of my eyes."
That's how it's been since he was 22: Miika,
who wants to be known only by his first name,
suffers from hereditary retinitis pigmentosa, a
disease in which the eyesight slowly dwindles.
But the veil lifted briefly a short time ago, and
his moment of happiness was caught on
videotape. It shows Miika in front of a banana
and an apple, and he says, "One of these is
round, the other is long."
Mesmerized, the doctors watch him during the
experiment. "Somehow it's curved," Miika
continues. Then, after a brief hesitation, he's
certain: "A banana!"
A moment of breathless silence. Then a wave
of applause in the small laboratory room on the
3rd floor of the University Eye Clinic in
Tiabingen. For the first time, Miika, an Internet
businessman, is looking at the world with an
artificial eye, a retina made of silicon - for
him, a digital re-visit to the world.
In a four-hour operation, the clinic's medical
specialists slipped a chip under his retina and
guided an insulated wire from there to an exit
point behind his ear, allowing Department
Head and ophthalmologist Eberhart Zrenner to
access the computer chip in Miika's eye. By
touching a button, the scientist parted the
relentless fog.
The successful experiment is a medical
sensation. Over a dozen research groups have
tried for more than 20 years to restore visual
orientation to blind persons with visual
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Miika, this visual prosthesis took him over the suffer immensely."” project with millions of Euros. The money
borderline between legal blindness andBut now there is hope, and it all centers arounds used primarily to develop the chip and
vision," announced Zrenner, not without pride, some 1,500 photoelectric cells on a tinyfor clinical studies. "We need materials
at a scientific congress in Miami. microchip measuring only 3x3 millimeters on that are sturdy enough for action in the
It all started 15 years ago, when the team,a side. "Our invention resembles the chips inhuman body," says Wrobel. Although a
made up of physiologists, engineers,surgeonsnobile telephones," says Walter Wrobel, Chiefplastic coating protects the photoelectric
and materials specialists began looking forExecutive at Retina Implant in Reutlingen, cells against the saline content in body
technical ways to treat persons whose retinalGermany, the company which plans to marketfluids, the sensor must be small enough to
cells are slowly deteriorating. Thousands of the implant. replace the retina's dead, formerly light-
Germans go blind from retinal degeneration Financial support for the work comes from the sensitive cells. Wrobel: "This is where
every year, due either to old age or as a resulFederal Ministry of Research, along with experience gained in  developing
of hereditary disease. Zrenner: "These person§&erman companies which have joined thepacemakers for the human heart and
cochlear implants for the ear have helped
us."
Such surgical procedures on the eye are
nevertheless bold, pioneering steps. The
Tlbingen team has implanted its special
chips to date in the eyes of 11 patients.
The oldest was 57 years old, the younges
26. Only after practicing for a long time
on pigs and gaining confidence did the
surgeons first approach human beings.
First they removed the eye's inner fluid.
Then, after cauterizing a location on the
eye's highly venous choroid, they
introduced the chip with its insulated wire
through an incision at one side of the eye
and advanced it between the choroid anc
the retina to the point of sharpest vision in
humans (see diagram).
Zrenner reports: "The implant is tolerated
well by the body, and we saw no serious
problems like inflammation in any of the
patients."
But the real challenge comes three to four
days after the operation: the eye and the
brain must relearn how to see. Patient
Miika clearly remembers the moment
when Zrenner turned on the vision chip
switch. "Suddenly | saw things with sharp
outlines in front of me," says the Finn. But
they made no sense. "They bounced uy
and down in front of my eye."
That didn't surprise Zrenner: "The eye has
to get back in tune with the brain and
learn how to direct its gaze to selected
objects.”
Over the course of several hours,
however, the objects - like a knife and
fork - gradually took on familiar shape.
Miika even noticed a spelling error in his
name, spelled in 5-8 centimeter high

letters.
1 Light falls on a ligt-sensitive implar Finally, Zrenner guided his patient into
located directly on the blind person's retina. the University Clinic’s biggest lecture hall,
The implant works like the chip in a digital where several of his medical colleagues

were waiting. "I saw their silhouettes
camera. ) . quite clearly," recalls Miika. "I was able
2 The photoelectric cells of the implant convert to tell which of them was bigger and who
light into electrical impulses. These stimulate was smaller." Walking with care, Miika
the retinal nerve cells in accordance with the approached them - without the white cane
image data received. he must usually carry.

Wrobel has developed special spectacle:
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by the optic nerve to the brain



them what the formerly blind can see with the Surgeons at UCSF attached the electrodes ttriangles from squares, and to recognize
help of the "sight chip". The image is tiny, Lloyd's right retina in an operation that lasted lines on the screen.

coarse, and gray - but for the blind it is a new,for

more than three hours. The

implant "The implant was pretty useless at first,"

exciting world. receives data from a minicomputer on therecalls Lloyd. "I thought | was going to
"Our decision to implant the chip under the lawyer's belt; it converts the video signals of see images, but that's not how it is."
retina was deliberate," says Zrenner. Thisthe camera in his glasses into electricalinstead, he sees flashes "like stars

procedure makes it possible to exploit imageimpulses (see diagram).

twinkling in the night sky".

processing capabilities in the inner retinal Lloyd visits ophthalmologist Duncan at regular Lloyd can see the eyes of others becaus
nerve cells, which usually remain intact even intervals for help in learning to pinpoint white their tear film reflects light "like the eyes
in the blind. dots on a computer screen, to distinguishof a cat when you shine a light on it in the

In contrast, other research groups need an
external camera to capture the images. The
world leader in this technology is Second
Sight, the U.S. company in Sylmar, in northern
Los Angeles. "Argus II" is the name of the
company's newest implant; approval for its use
as a medical prosthesis (cost: ca. $100,000) in
both the U.S.A. and Europe is already hoped
for in the coming year.

In contrast to the device of the Tubingen
researchers, the American vision unit has only
a modest 60 electrodes with an image
resolution of only about 8x8 pixels. The
device's chip is not located under the retina but
directly on its surface, where the implanted
electrodes then stimulate nerve cells there.

The company has been conducting a clinical
study since the end of 2006 with 32 patients
from the U.S.A., Mexico and Europe. The
advantage of the U.S. system: Argus Il can
remain in the patient's eye for years, so that
blind persons can test the implant not only in
the clinic but also in their daily routine.

"Many patients tell us that their sense of
orientation is better, that they can find doors
and windows and perceive movements," says
Second Sight's Brian Mech. Preliminary data
have also shown that most of the test persons
can read large-scale letters of the alphabet.
However, the experts warn against getting
hopes too high. This is underscored by Jacque
Duncan, ophthalmologist at the University of
California in San Francisco (UCSF), where
Second-Sight patients are treated: "Most of the
patients require months before they can
correctly interpret even major contrasts. My
patients like being part of the study, but the
implant has not changed their everyday life in
any major way."

And as Mech admits, "Enthusiasm varies a
great deal from one patient to the next. But we
don't have a single patient who didn't like it."
Many of the test persons even leave the unit
turned on the whole day.

Dean Lloyd is one of his prize patients. The
68-year-old attorney, whose offices are located
in California's Palo Alto, has retinitis
pigmentosa and can carry out his work only
because his secretary reads files to him aloud.
Wearing a suit, patterned tie, and cowboy
boots, Lloyd also has a large pair of sunglasses
with a tiny video camera in the bridge resting
on his nose. The camera transmits images that
give him a rudimentary experience of vision.

dark". He recognizes shapes, outlines anc
edges as flashing lines. When scanning his
surroundings he must move his head
constantly back and forth, because the
video camera sees only what is straight in
front of it. "I move my head like a
chicken," he says with a laugh.
Lloyd gladly discusses the advances made
by science and talks about the visual
cortex and the brain's astonishing ability
to adapt. While doing so, he constantly
scribbles small circles on a piece of paper.
"I remember images from my past,” he
explains. "They help me interpret the
electrode signals correctly."
When he walks on a sidewalk, for
example, the light gray of the concrete
contrasts with the darker color of grass
and the black of asphalt, allowing Lloyd
to find his way. He can sort his socks into
white, gray and black pairs. He has now
even learned to distinguish some colors;
blue is "like sky blue shining through a
veil", green is lighter than normal, red has
the radiant color of rubies. "That all takes
a certain amount of practice," says Lloyd -
not without pride, "but it has made my life
in the meantime a good deal more
pleasant."
In Tubingen, patient Miika's digital vision
aid allowed him to see better than his
fellow patient Lloyd, but - at least for the
time being - not lastingly. His chip was
taken out again a few weeks after the
operation. That was a condition imposed
by the University Ethics Commission in
Tlbingen: too little was known at the
beginning about the implant's long-term
compatibility in the human body.
That was a sad moment for Miika. "I
would love to be able to orientate myself
again outside, even a little, without help
and without fear of overlooking
something in my path."
Zrenner is already making plans for the
coming year: he wants to give new,
wireless chips to two dozen patients at the
same time. This time, however, they will
remain permanently in the eye. Miika: "I
can hardly wait."

PHILIP BETHGE, GERALD

TRAUFETTER



