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A HIGH-STAKES 
SURGERY
REMOVING A TUMOR FROM A TEEN’S EYE

Midway through surgery to remove a tumor protruding from a teenager’s eye, 
Stanford ophthalmic surgeon Charles Lin, MD, worried how his patient would feel 
if he could not get it all out. Nhu Nguyen, then 16, had been born in Vietnam with a dermoid tumor 

growing from her left eyeball. Although the small, pinkish lump was not cancerous, it partly blocked her vision. 

When Nguyen was 13, she and her family had moved to California to try to have it removed. At a San Jose hospital, 

the external part of the tumor was excised but the portion extending down into Nguyen’s eye was left behind.

Within a few months, the tumor grew back. It was much larger than before; Nguyen’s whole pupil was now 

blocked. She couldn’t close her eye, not even to sleep.

The surgeon who had performed the unsuccessful operation offered alarming advice: “She said the best 

option was to take the whole eye out,” Nguyen, now 20, says. “My mom could not agree.” Instead, she 

requested a referral to Stanford.

When Lin, a clinical assistant professor of ophthalmology, was brought onto the 

case by Stanford colleague Andrea Kossler, MD, assistant professor of ophthalmol-

ogy, his first impression was that Nguyen was terribly withdrawn, even sullen. The 

teenager hid her left eye behind a thick mass of bangs and said very little. 

Behind her quiet exterior, Nguyen was desperately wishing for her old eye back. 

The original dermoid, which had always been part of her body, had bothered her very 

little in comparison with the much larger regrowth. Was it futile to hope to have her 

eye fixed now? She wasn’t sure, and her English wasn’t yet good enough to explain 

her mishmash of emotions to the physicians.

Lin and Kossler sensed Nguyen’s desperation and wanted to help. They planned 

to operate as a team: First, Kossler would remove the external lump, then Lin would 

meticulously cut out its roots.

At the operating table in January 2014, Lin thought about all this as he sliced thin 

layers from Nguyen’s cornea, the clear structure at the front of the eye. The tumor 

went all the way through the cornea. He continued down into the sclera underneath.

“The tricky part is knowing when you’ve gotten all of it,” Lin says. At last, he 

was confident the abnormal tissue was gone. Since he had tunneled through the 

cornea, Lin also performed a corneal transplant.

After the surgery, Nguyen and the physicians waited anxiously to see if the 

tumor would grow back. This time, it didn’t.

As Nguyen’s eye healed, Lin watched her demeanor change, too. Today, he 

says, “She has this contagious, huge smile; it always makes my day.”

“It’s really changed my whole life,” Nguyen says of the surgery. Her memories of the months before her 

Stanford surgery are blurry, the result, she thinks, of her brain trying to block the traumatizing experience. “I 

had a lot of insecurity about my facial appearance, and having my eye fixed has really helped me feel better,” 

she adds. She’s transferring from a community college to San Jose State University this fall to study internation-

al business, which she hopes will lead to work with non-governmental organizations that improve others’ lives.

Nguyen recently brought two friends to a checkup, wanting them to meet her favorite doctors. “They 

were all very giggly and happy, laughing at inside jokes,” Lin said. “It was neat to see.” — ERIN DIGITALE

Nhu Nguyen was 
inspired to improve 
others’ lives by an eye 
surgery that improved 
hers. Her surgery 
removed a large tumor 
on her left eye. At its 
worst, the tumor 
made closing the eye 
impossible (see right).
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From electronic medical records to personal monitoring 

to genomics, we are producing more medical data than any one human can analyze. 
Big data is transforming the health care landscape, and according to Stanford Medicine’s inaugural Health 
Trends Report [see page 5], that’s both an opportunity and a challenge. To help us turn this flood of data into 
knowledge, we increasingly turn to machines. But what if there aren’t numbers to crunch, only images to see?

Currently, a computer can’t look at a suspicious mole and tell you if it’s cancer or assess whether tumor 
tissue is adenocarcinoma or squamous cell carcinoma. For those determinations, you need an MD.

Typically, skin cancer is diagnosed visually by a dermatologist, sometimes with the help of a hand-held 
microscope called a dermatoscope, with careful consideration of the ABCDEs — asymmetry, border, 
color, diameter and evolving. A diagnosis of cancer is confirmed with a biopsy. In Sebastian Thrun’s lab in 

the Stanford Artificial Intelligence Laboratory, graduate students Andre Esteva and Brett Krupel 
are seeking to upend this model.

Working with Helen Blau, professor of microbiology and immunology, and dermatology fac-
ulty from Stanford Medicine, Esteva and Krupel took a modified version of Google’s reverse im-
age search and added only two inputs: images and biopsy-confirmed diagnoses. They did not ask 
the program to apply the ABCDEs, but rather to figure out on its own what constellation of pixels 
signify malignancy.

Then the team put the algorithm to the test. It passed with flying colors, matching the performance 
of 21 board-certified dermatologists in the accuracy and specificity of their diagnoses of some of the 
most common and most deadly skin cancers. A machine, with no medical knowledge and no diagnos-
tic criteria, had been taught to accurately distinguish between malignant and benign lesions.

It’s an inspiring sign of what might be possible, and not just in dermatology. Recently, Stanford Medi-
cine faculty, led by geneticist Michael Snyder and radiologist Daniel Rubin, developed a software pro-
gram to help distinguish between the two most common types of lung cancer, an essential distinction for 
determining the best treatment plan. Again, the researchers began with only two inputs: the histopathol-
ogy images and the diagnoses, then let the program create a prediction model.

When this algorithm was put to the test, it was more accurate than human pathologists in predicting 
patient survival times. It had been trained to examine nearly 10,000 characteristics of lung-tumor tissue, 
far more than any human eye.

For those in the developing world and other rural areas who don’t have access to human diagnosticians, 
computer vision offers new hope for prediction, prevention and personalized treatment. For everyone, 
these exciting developments offer the possibility of speeding and improving diagnosis. 

Artificial intelligence, once an academic discipline, is now on the cusp of transforming health care. A 
machine may never take the place of the trained eye, but it’s already extending and enhancing human vi-
sion, allowing us to see things we never knew were there.

Sincerely,
Lloyd Minor, MD

Carl and Elizabeth Naumann Dean of the School of Medicine
Professor of Otolaryngology - Head & Neck Surgery
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Faster healing
HARNESSING  a 

stem-cell-activat-

ing protein may 

help people recover 

faster from surgery 

or other trauma, 

according to 

Thomas Rando, MD, 

PhD, professor of 

neurology and neu-

rological sciences 

and his Stanford 

colleagues. 

The research-

ers found that 

mice injected with 

the protein, called 

HGFA, two days 

before muscle 

injury regained 

muscle function 

more quickly, their 

skin healed more 

rapidly and even 

the fur shaved 

around the injury 

regrew faster. 

Rando is senior 

author of the study, 

published April 18 

in Cell Reports. 

The researchers then searched the 

plasma for proteins that the two species 

share and whose levels change similarly 

with age. A protein known as TIMP2 

caught their attention. When they inject-

ed TIMP2 by itself into elderly mice, they 

found it largely duplicated the beneficial 

effects of umbilical-cord plasma.

That a single protein appears largely 

capable of benefiting memory suggests 

it may be possible to develop a drug for 

age-associated mental decline.

The study was published online April 

19 in Nature.K
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upfront
A  Q U I C K  L O O K  A T  T H E  L A T E S T  D E V E L O P M E N T S  F R O M  S T A N F O R D  M E D I C I N E

In the six weeks 
after the 
San Bernardino 
shootings, hand-
gun acquisition 
rates jumped by

85% among 
residents of the 
city and adjacent 
neighborhoods. 
More: http://stan.
md/2tcbjfY.

Memory 
aid  
STANFORD RESEARCHERS have found that 

blood from newborn humans can rejuve-

nate learning and memory in aged mice, 

a discovery that could lead to new treat-

ments for age-associated declines in 

mental ability.

“To me it’s remarkable that some-

thing in your blood can influence the way 

you think,” says the study’s senior author, 

Tony Wyss-Coray, PhD, professor of neu-

rology and neurological sciences. 

The study marks the first demonstra-

tion that human plasma can aid older 

mice’s memory and learning. Wyss-Coray 

says this finding seems to increase the 

likelihood it could have a similar benefi-

cial effect in people. 

When researchers injected older mice 

with human umbilical-cord blood plas-

ma every fourth day for two weeks, the 

mice’s memory — measured by their ne-

gotiation of a maze — improved notably. 

Plasma from older people didn’t help at 

all, while young-adult plasma induced an 

intermediate effect. 



What yogis know
THE PRACTICE OF PRANAYAMA — controlling one’s breath to shift from an aroused state to a 

more meditative one — has long been a core component of yoga. Now, Stanford researchers 

have pinpointed the brain cells behind tranquility-inducing breathing. 

In a March 31 Science paper, they identified a handful of nerve cells in the brainstem that 

connect breathing to relaxation, attention, excitement 

and anxiety. The neuron cluster was first discovered in 

mice; an equivalent structure exists in people. 

“There are many distinct types of breaths: regu-

lar, excited, sighing, yawning, gasping, sleeping, 

laughing, sobbing,” says senior author Mark Kras-

now, MD, PhD, professor of biochemistry. “We 

wondered if different subtypes of neurons within 

the respiratory control center might be in charge of 

generating these different types of breath.”

The researchers combed through public data-

bases to find genes that are preferentially activated 

in the mouse brainstem cluster, called the pre-Bötz-

inger complex. They identified more than 60 sub-

types, which they could selectively destroy based 

on each one’s unique signature of active genes. 

When they eliminated one type of neuron in mice, they found them to be more mellow than 

their un-bioengineered brethren. They also found that there were fewer fast “active” and faster 

“sniffing” breaths, and more slow breaths associated with chilling out.

The researchers hope that understanding this neuron cluster’s function will lead to 

therapies for stress, depression and other negative emotions.
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Pharmaceutical find
PHYSICIANS CAN OFFER LITTLE HELP for the sufferers of lymphedema, a painful, disfiguring condition affecting 

hundreds of millions worldwide. The condition results from a damaged lymphatic system and leads to swelling in vari-

ous parts of the body — often limbs. The only available treatments are wearing compression garments or massaging 

the affected area. But School of Medicine scientists have discovered what triggers the ailment, 

along with a drug that may inhibit that process. 

“We figured out that the biology behind what has been historically deemed the irrevers-

ible process of lymphedema is, in fact, reversible if you can turn the molecular machinery 

around,” says Stanley Rockson, MD, professor of cardiovascular medicine. The study was 

published May 10 in Science Translational Medicine; Rockson and Mark Nicolls, MD, profes-

sor of pulmonary and critical care medicine, are its senior authors. 

The researchers found that the buildup of lymph fluid is an inflammatory response, not 

a “plumbing” problem, as previously thought: An inflammatory substance known as LTB4 

is elevated in lymphedema, causing inflammation and impaired lymphatic function. This dis-

covery led researchers to investigate drugs that target LTB4 for their ability to trigger lym-

phatic repair. One in particular offered promise: betastin, which is used in Japan to treat cancer. 

It’s now being tested for use in the United States as a lymphedema treatment in a trial spon-

sored by Eiger BioPharmaceuticals. Rockson and Nicolls are scientific advisers to the company.

Daughter care
THE CARE OF AN aging par-

ent or spouse is more likely 

to fall on women, Stanford 

researchers say, jeopardizing 

their careers and costing  

their employers. 

“Hard-fought gains toward 

equality in the workplace are 

at risk,” they wrote in JAMA 

Neurology May 8. 

Unpaid family members 

provide 83 percent of the care 

for people with dementia, and 

two-thirds of the caregivers 

are women. Caring for a family 

member with dementia re-

quires an average of 171 hours 

a month, they found.

Employers could help  

alleviate the caregiving strain 

through leave policies that 

support care for family  

members, say the article’s 

authors, Nicholas Bott, PsyD; 

Arnold Milstein, MD; and 

Clifford Sheckter, MD, of 

Stanford’s Clinical Excellence 

Research Center.
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WHAT’S TRENDING 
IN HEALTH

STANFORD’S NEW PUBLICATION ABOUT THE HEALTH CARE SECTOR

Stanford Medicine has published its inaugural Health Trends Report, a comprehensive 

review and analysis of existing health care research and 

open-source data, combined with insights from Stanford faculty and 

external health care experts, on the current and emerging trends facing the 

health care sector. The report, which was launched in June and will be issued 

annually, found the promise and challenge of big data to be one of the most 

important forces driving change and improvements across health care.

Findings
THE REPORT OUTLINES HOW ALL STAGES of the medical experience are being affected by big data, 

beginning with medical research and extending into and beyond the doctor’s office.

However, its most crucial finding is the need to train doctors and other medical profes-

sionals for a future in which analyzing and managing big data will be a core part of their 

roles. Improving their skills and literacy in computing and analytics, data management and 

assessment, information processing and software and technology-infrastructure develop-

ment will be vital if the profession is to take advantage of the benefits of big data. This 

will require changes to how health care providers are taught the skills to deliver successful 

patient outcomes. 

Similarly, the rise in wearable devices, genetic testing and other technologies gives patients 

more information than ever about their own health, making greater efforts to promote health 

literacy necessary so they can make informed decisions. 

‘An opportunity and a challenge’
“TODAY, HEALTH CARE IS BECOMING INCREASINGLY connected but also increasingly complex. 

This unique dichotomy poses both an opportunity and a challenge for institutions like our 

own, whose job it is to heal, innovate and educate,” says Lloyd Minor, MD, dean of the School 

of Medicine. “In publishing this report, we hope to show how big data is the most important 

trend facing the sector and, in the process, inform and educate the entire medical community 

— including patients, doctors, the private and public sectors — who are actively shaping the 

future of health care.

“As big data becomes more of a resource for patients and their physicians, it simply is not 

enough to stick to the traditional ways of conducting research, engaging in patient care and 

educating the next generation of doctors,” he adds. “Institutions like Stanford have a respon-

sibility to drive advances in data management so that patients can be partners in their own 

care. By leveraging big data, we can create a vision of health care that is more preventive, 

predictive, personalized and precise.”

The report suggests that the following areas 

must be prioritized if the impact of big data in 

health is to be fully realized:

• Doctors and other members of the medi-

cal community must be more data literate and 

skilled in data analytics.

• Health care organizations need to have 

the right systems, processes and structures in 

place to manage big data.

• Silos and roadblocks across health care 

organizations that prevent effective data-

sharing must be broken down, but protect-

ing the privacy and security of patient data 

is paramount. 

• Encouraging patients to take an active role 

in their own care and adopt healthier life-

styles remains critical, if challenging.

• Rising costs across the U.S. health care sys-

tem threaten to undermine the role big data 

can play.

• Reforms to electronic health records 

through the use of better technology and data 

management will help doctors provide more 

personalized patient care.

The report is available online at  

http://med.stanford.edu/healthtrends.

http://med.stanford.edu/healthtrends
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visionary

Though Emery Olcott can no longer see words on a page or faces in front of him, 
he can still take pleasure in a game of golf. Legally blind, Olcott can’t drive a car, but 
occasionally he’ll pilot a golf cart on the course. And he can distinguish contrasts of 
light and color, like a small, yellow ball on an expanse of green.

Olcott has glaucoma, which gradually destroys the optic nerve, rendering people 
blind. The nerve is the bridge between the eye and the brain, and once it’s gone, it 
can’t be brought back. Or so the thinking goes. But scientists now are pushing the 
boundaries of biology and technology to revitalize the nerve. It’s one example of 
how researchers are working to help people regain or preserve their sight, seizing on 
new technologies and a better understanding of the eye.

It’s research that gives Olcott great hope. “I’m losing my vision, and I want to do 
anything I can to keep it,” says the 78-year-old retired businessman. “These guys 
are my lifeline now.”

The ability to see is one of our most precious assets, with polls showing that 
Americans fear losing their sight more than losing their hearing, speech or memory.

 “Studies show that when it comes to their health, the thing people most worry 

SIGHT 
SOLUTIONS

about, after death, is losing their vision,” says Jeffrey Goldberg, MD, professor and 
chair of ophthalmology at Stanford. “People’s productivity and their activities of 
daily life hinge critically on vision, more than any other sense.”

Some 285 million people worldwide have limited or no vision, including 39 
million who are blind, according to the World Health Organization. In the United 
States, some 36 million people suffer from vision loss or blindness, most commonly 
caused by glaucoma, cataracts, macular degeneration and diabetes-related compli-
cations, according to the federal Centers for Disease Control and Prevention.

Vision loss is one of the nation’s most costly health conditions, accounting for 
$139 billion in health expenses in 2013, according to Prevent Blindness America. It 
also can extract an emotional toll on patients, who may feel isolated and inadequate 
in not being able to fully care for themselves, Goldberg says. 

S E E I N G  C L E A R L Y



visionary



“The fear of vision loss, even for people in lesser stages of 
disease, can be quite dramatic,” Goldberg says. “So anything 
we can do to stabilize, better diagnose and hopefully one day 
restore vision in some of these diseases I think will have an 
enormous global impact.”

The beauty of vision and  
how it works

 O
F ALL THE HUMAN SENSES, we rely 
most on our sight to understand and 
navigate the world around us, in all 
its color, texture and nuance. That’s 
why the eye is so extraordinarily 
complex, a powerful little sphere 
packed with more than 100 million 

neurons, able to transmit messages with split-second preci-
sion. Think of it as an extremely sophisticated camera.

Light first enters the eye through the cornea, the clear 
window that helps bring images into focus. The iris, the col-
ored part of the eye, works like a camera shutter, adjusting in 
size according to the amount of light coming in. The lens, 
which is suspended behind the iris, fine-tunes the image fo-
cus, enabling a person to see things far away or up close.

The light then travels to the retina, the “thinking” part of the 
eye. It consists of a thin layer of millions of cells that coat the eye’s 
inner wall, among them more than 100 different kinds of nerve 
cells, each with its own job to do. The retina works like camera 
film to process the incoming information. It has some 120 mil-
lion photoreceptor cells, specialized nerve cells known as rods 
and cones that are sensitive to light, and these enable us to see 
at night or in low light (rods) or to perceive color and fine detail 
(cones). The biggest concentration of cones is found in the mac-
ula, a small area in the center of the retina that allows us to read 
fine print, like the words in this story. The photoreceptors all 
relay their information to the retinal ganglion cells, whose long 
projections, known as axons, form the optic nerve. This bundle 
of a million fibers is the eye’s direct line to the brain, which trans-
lates it all into a meaningful image.

The retina and the optic nerve are formed in the embryo 
as part of the developing brain, says Michael Marmor, MD, 
professor and former chair of ophthalmology. “So retina  
really is brain. In a sense, we think inside our eye.” That’s 
because those 120 million photoreceptor cells that pick up 
an image have only 1 million optic nerve fibers to carry their 
electrical signals along. “So the retina has to code the infor-

mation and simplify it.  We do 
not send pictures to the brain. 
We send code that highlights 
the important things.”

Of course, things can go 
wrong at any step of the pro-
cess to compromise or com-
pletely obscure our sight. For 
one, the cornea has to be kept 
moist and clear and can be 

damaged by trauma, infection or dryness. The eye is also 
subject to the rigors of aging. The lens in the eye may be-
come clouded with age, leading to cataracts, which can be 
readily corrected with surgery. The macula also may deterio-
rate over time, leading to gaps that may limit vision, or fail it 
altogether; treatments to intervene in the retina are limited 
and not entirely effective.

As a fluid-filled sphere, the eye also needs to maintain a 
certain level of pressure to keep its shape. Without that, it 
may collapse, like an empty balloon, Marmor says. That pres-
sure is being constantly regulated, but sometimes the regula-
tory system fails, and fluid builds up along with pressure in the 
eye. That can damage the optic nerve, leading to glaucoma 
and permanent vision loss. It’s the most common cause of ir-
reversible vision loss — a calculus scientists hope to change.

Fixing the cornea with cell  
therapy and magnets

 THE CORNEA IS PARTICULARLY vulnerable to assault, 
as it is the eye’s entrée to the outside world. Seriously 
damaged corneas can be replaced with transplanted 

organs, but the transplants have big challenges: They rely on 
corneas from deceased donors, which are in scarce supply, 
and they fail as much as 30 percent of the time, depending 
on the disease, Goldberg says. Moreover, in the developing 
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JEFFREY GOLDBERG, MD, CHAIR OF STANFORD’S OPHTHALMOLOGY DEPARTMENT, THE BYERS EYE INSTITUTE
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City, tested the treatment in 10 patients. They began with sev-
en patients with very advanced disease, but as it became appar-
ent that the treatment was safe, they moved on to three other 
patients with somewhat less-serious damage. One patient, who 
had started the trial with 20/200 vision, which is considered 
legally blind, left the trial with 20/40 vision. “It was quite dra-
matic,” Goldberg says. “So we’re very excited about it.”

He and his colleagues plan to apply this fall to the U.S. 
Food and Drug Administration to test the procedure’s safe-
ty and efficacy in up to 60 patients at several U.S. medical 
centers, including Stanford. If it works, the procedure could 
replace certain transplant surgeries, some 100,000 of which 
are performed every year in the country. It also could be used 
to treat a variety of corneal conditions, such as Fuchs’ en-
dothelial dystrophy (corneal damage caused by a buildup of 
fluid) and pseudophakic bullous keratopathy (the breakdown 
of corneal cells after cataract surgery), he says.

Goldberg also has a grant from the California Institute for 
Regenerative Medicine to see if it’s possible to turn pluripo-
tent stem cells into corneal endothelial cells, bypassing the 
need for donor cells completely.

“The idea is that instead of growing up tens of millions of 
cells, if we could do it from stem cells, we could grow a bil-
lion cells and have a freezer full of eye treatments,” he says.

Mending the retina DANIEL PALANKER, PHD, resolved to 
find new ways to repair the retina after 
a laboratory mishap that could have 
cost him his own sight. A physicist by 
training, he had been experimenting 
with an ultrafast laser in 1998 when 
he fell forward, his eye briefly crossing 

the high-intensity beam. He knew instantly that he was in 
trouble — that the laser could have cut his retina.

“I knew exactly what was happening because I was studying 
laser-tissue interactions, and when I heard a high-pitched buzz, 
I knew it was cutting tissue. There was bleeding,” Palanker, 
then a Stanford postdoctoral scholar, recalled recently.

In the emergency room at Stanford Hospital, he struck up 
a conversation with Marmor, his treating physician. “I had 
some ideas from my PhD work about retinal laser therapy 
and I asked if there was someone I could talk to about appli-
cations of lasers. He said, ‘Yes, we just got a new chair who is 
a retinal surgeon, why don’t you talk to him?’”

As it happened, the new chair, Mark Blumenkranz, MD, 
had read some of Palanker’s papers and was very keen on his 
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world, it’s a rare patient who 
has the option of a transplant.

Five years ago, Goldberg 
was trying out a new cornea 
transplant procedure in the 
operating room, hoping for 
a better success rate, when 
he suddenly hit upon an idea: 
What if patients could avoid 
the surgery altogether, if cli-
nicians used replacement cor-
neal cells and positioned them 
using tiny magnets?

The idea flowed from his laboratory experiments with 
magnetic nanoparticles, tiny spheres that can be manipulated 
with magnets. These particles are minute, just 50 nanometers 
in diameter, thousands of times smaller than a human hair.

 “I thought, if we took these nanoparticles we were study-
ing in the laboratory and loaded them into corneal endothelial 
cells, maybe we could deliver them into the eye with a magnet, 
without having to do surgery at all,” he said. “It was one ‘aha’ 
moment that I can really point to in my scientific career.”

His research team began using corneal endothelial cells 
from organ donors’ corneas (the same cells being used in surgi-
cal transplants), peeling off a layer of these cells from the cor-
nea and then putting them immediately into laboratory dishes, 
where they bathed in growth factors. There they blossomed 
into tens of millions of new, young corneal cells, Goldberg says.

He attached these cells to iron oxide nanoparticles with 
a protective coating to prevent the iron from leaching out. 
Goldberg injected them into the eye with a tiny needle and 
used a magnetic patch to pull them up into the inside of the 
corneas of patients.

The new cells “put out their elbows, and nuzzle into the 
tissue, and that’s where they stay and function,” he says. Lat-
er, the magnetic particles fall off the cells and are excreted 
from the body.

In the initial safety trial last year, his collaborators at the As-
sociation to Avoid Blindness, a major eye hospital in Mexico 
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ideas. Though Palanker was just two weeks away from leav-
ing Stanford for a faculty position at Harvard, Blumenkranz 
persuaded him to stay and help build Stanford’s budding re-
search program in ophthalmology.

Even though his own injury healed, he began his quest 
for new treatments and technologies to fix retinal problems. 
He went on to start multiple companies with Blumenkranz 
and invent the PASCAL laser  — the tool of choice in retinal 
laser treatment today, used for diabetes-related eye problems 
and other conditions. He also invented the femtosecond laser 
system for cataract surgery and a neural stimulator for dry eye 
therapy, among other technologies.

Most recently, Palanker has de-
vised a new laser treatment that he 
hopes will be effective in preventing 
macular degeneration, a progressive 
condition that is common among 
older adults and is considered incur-
able. The new, non-damaging laser 
therapy works by applying a low lev-
el of heat, enough to stimulate reti-
nal cells without causing them harm.

The laser is absorbed primarily 
in the retinal pigment epithelium, a 
nourishing layer of cells that recycle 
protein debris produced by photo-
receptors. With age, sometimes 
these cells fail in the job, allowing 
toxic garbage to pile up. Eventu-
ally the garbage may suffocate and 
kill the photoreceptors, severely 
impairing patients’ central vision. 
The laser therapy aims to rejuvenate 
the retinal pigment epithelial cells 
so they can effectively do their job 
and keep photoreceptors alive, says 
Palanker, now a professor of ophthalmology and director of 
the Hansen Experimental Physics Laboratory at Stanford.

“After thermal stress, cells undergo rejuvenation and be-
come more metabolically active,” he says. “The hope here is 
that they will actually recycle the garbage and thereby reset 
the clock, so to speak.”

In a pilot study, Daniel Lavinsky, MD, a former post-
doctoral scholar in Palanker’s lab, tested the treatment in 20 
patients in Brazil with central serous chorioretinopathy, in 
which fluid leaking under the retina leads to blurred vision. 
The non-damaging laser therapy completely cleared out the 
fluid in more than 80 percent of the cases and reduced the 

fluid in the rest of the eyes, he and his colleagues reported 
in May 2016 in Investigative Ophthalmology & Visual Science. 

The researchers also tested the treatment in 10 patients 
with an intractable eye problem known as macular telangiec-
tasia, and they responded very well.

“We are actually causing the cells to self-repair,” says 
Lavinsky, now a professor of ophthalmology at the Fed-
eral University of Rio Grande do Sul in Brazil. “Instead of 
damaging cells, as was done previously with conventional 
laser treatment, we are trying to maintain their integrity 
and enhance their rate of function.”

He and his colleagues now are testing it as a way to pre-
vent macular degeneration, on the as-
sumption that it could help rejuvenate 
retinal epithelium cells in the macula. 
They have begun a two-year trial at 
Stanford and at the Bascom Palmer 
Eye Institute in Miami among 56 men 
and women with early stages of the 
disease, in the hope that it will stop its 
progression. Typically, patients devel-
op little yellow spots on the retina, de-
posits of uncollected protein garbage 
known as drusen. The researchers will 
monitor patients to see if the drusen 
shrink and disappear, a sign the treat-
ment is working.

A consortium of ophthalmologists 
is also planning to test the therapy in 
two larger trials, one involving dia-
betic patients with macular edema, or 
fluid accumulation in the retina, and 
another in patients with macular tel-
angiectasia, Palanker says.

 “The treatment itself is very easy 
and painless,” he says. “The heat level 

is very low, so it’s not killing cells. If it doesn’t work, you have 
nothing to lose — it’s not damaging anything.”

The retina also often becomes impaired in people with diabe-
tes, particularly if their blood sugar levels are not well-controlled. 
This condition, known as diabetic retinopathy, is the most com-
mon cause of blindness in the United States, affecting 7.7 million 
people over age 40 — yet it remains poorly understood, says Sui 
Wang, PhD, assistant professor of ophthalmology.

The disease is insidious, beginning when high sugar levels 
cause blood vessels in the retina to weaken, becoming leaky 
and forming tiny bulges known as aneurysms. Wang says 
patients don’t notice changes in their eyes until the disease 
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GOLDBERG IS TESTING AN IMPLANT 

IN THE EYE TO TREAT GLAUCOMA, THE WORLD’S 

NO. 1 CAUSE OF IRREVERSIBLE BLINDNESS.



enters a more dangerous state, with blood vessels growing 
out of control and ultimately blocking the retina.

She says it’s believed that excess sugar triggers inflammation 
and oxidative stress in retinal cells, though the mechanisms aren’t 
known. In studies with rodents, she is looking at how blood sugar 
impacts different types of retinal cells at the molecular level and 
what specific genes and pathways may be involved. 

“If we can figure out those pathways,” she says, “maybe 
we can prevent it from going to the second stage” and pre-
serve patients’ sight. She is also using genetic analysis and 
techniques to manipulate genes in the retina with the goal of 
developing new drugs or gene therapies that could protect 
the retina from diabetes or even restore vision in those al-
ready suffering eye damage from the disease.

Fixing the optic nerve —  
can it be done? FOR OLCOTT, THE FIRST SIGN of eye trouble sur-

faced during a routine eye exam when he was 
in his mid-30s. The clinician noticed his eye 
pressure was unusually high — a risk factor for 
glaucoma. But Olcott didn’t realize then that his 
eyesight might be under threat.

“With glaucoma, you will find you never 
know you have it,” he says. “You don’t feel the pressure. It’s 
one of those silent killers.”

As his vision declined, he had multiple procedures to relieve 
the pressure, with doctors creating a hole to release some of the 
fluid. But these measures are only a temporary fix, medicine’s 
inadequate answer to the disease. So five years ago, he signed 
up for a procedure Goldberg was just beginning to study in pa-
tients, a surgical implant to help protect and regrow nerve cells 
damaged by glaucoma and other optic nerve diseases.

The implant, made by Neurotech, contains human cells 
genetically engineered to pump out ciliary neurotrophic 
factor. First isolated in the 1980s, this naturally occurring 
growth factor has been shown in many animal studies to pro-
tect and regenerate axons in the optic nerve.

Goldberg, then at the Bascom Palmer Eye Institute in 
Miami, began by testing the implant in 11 patients with 
glaucoma and 11 with a blocked blood vessel in the optic 
nerve, called ischemic optic neuropathy. He inserted the 1 
millimeter by 5 millimeter capsule through the white part 
of the eye, where it began releasing a steady flow of CNTF 
from nourishing cells packed inside. These cells feed the reti-
nal ganglion cells, giving them a kind of “booster shot to stay 
healthy or improve vision,” he says. A semipermeable mem-

brane keeps the cells inside the capsule in the eye, so they 
can’t be targeted for rejection by the immune system. The 
implant is being tested at multiple sites around the country.

“It’s a completely unique approach to attacking the problem 
of glaucoma,” says Joel Schuman, MD, professor and chair of 
ophthalmology at NYU and a glaucoma specialist. “The rea-
son is that it is enhancing the function of neurons that are in 
existence but not functioning at the top of their ability.”

Olcott had the implant installed in his right eye, recalling 
no pain or discomfort during or after the process. “It stabilized 
the eye, which didn’t deteriorate as much as they thought it 
would have otherwise,” he says. It is now his better eye, as his 
left eye has deteriorated and completely lost its power.

Goldberg and his collaborators are now testing the de-
vice in 60 glaucoma patients to see if it can stabilize or re-
verse their vision loss.

“Glaucoma has always been touted as the No. 1 cause of 
irreversible blindness in the world,” he says, affecting 6 per-
cent of older adults in the United States. “But that doesn’t 
have to be the case. We can apply the therapy and see if we 
can reverse vision loss. That’s the advantage of taking some 
of these findings in the lab and testing if we can use them as 
effective treatments.”

Goldberg is also working closely with Andrew Huberman, 
PhD, in a clinical trial that uses a form of visual stimulation 
to revitalize dormant retinal cells with the goal of helping 
glaucoma patients retain their sight. In the therapy, patients 
will be immersed in a virtual reality environment — a virtual 
tour of an art gallery — that exercises their eyes and provides 
visual interest to keep them engaged. The therapy can’t bring 
back to life cells that have died but it may be able to revive 
those that are working poorly. 

“You might not be able to take people who are completely 
blind and make them see,” says Huberman, an associate pro-
fessor of neurobiology at Stanford. “But you could imagine 
taking people who are losing their vision and helping them 
hold on to what they have. That would be really exciting be-
cause a lot of what glaucoma patients fear is losing what little 
vision they have, like people in the early stage of Alzheimer’s 
worry about losing their mind.”

The project grew out of experiments by Huberman and his 
colleagues that coaxed mouse retinal ganglion cells back to life 
through visual stimulation and biochemical manipulation — 
essentially re-creating what happens in the developing brain, 
when immature neurons produce growth-promoting molecules 
to encourage new neurons to thrive and form visual circuits.

“All you have to do is trick the neurons into thinking they 
are baby neurons again,” he says. “That is basically what we 
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did.”
Remarkably, the combination therapy 

spurred retinal ganglion cells to sprout 
new axons — critical connectors to the 
brain. Most importantly, the axons grew 
back through the eye and into the brain, 
where they linked up in all the right 
places — something that had never been 
observed before. The mice didn’t regain 
perfect sight but could see large objects 
coming so they could dart out of the way. 

“We found the wiring was highly 
precise,” Huberman says. “That means 
these neurons know how to find their 
way home.”

Goldberg has also had some success 
in repairing the optic nerve in animals, 
using a form of cell replacement. He and 
his colleagues transplanted retinal gan-
glion cells from newborn mice into the 
retinas of adult rats. They used fluores-
cent tags to track the cells and found they 
behaved much like native cells, growing 
axons and forming connections that 
reached their intended targets within the 
brain. The study was published in Feb-
ruary 2016 in Nature Communications. 

Huberman’s study, which appeared 
in July 2016 in Nature Neuroscience, at-
tracted much media and public atten-
tion — so much so that he was besieged 
by thousands of emails from patients, 
eager to know when he was going to try 
the therapy in people, he says. He de-
cided to move into human testing with 
a trial that has been approved by Stan-
ford’s Institutional Review Board and is 
likely to start this fall.

Here is how it works:
Patients will don a pair of virtual reali-

ty goggles that take them into an alternate 
reality — in this case a museum gallery of 
11 master artworks hidden behind empty frames. With a press 
of the thumb, they can select a frame and watch it slowly come 
to life, revealing such classics as Edvard Munch’s “The Scream” 
and Leonardo da Vinci’s “Mona Lisa.”

The paintings are their visual reward, a motivation to stay 
with the program. But first their eyes get some exercise — a 

series of flashing dots stimulate them.
“All these dots are triggering the 

ganglion cells to fire,” says Bireswar 
Laha, PhD, a postdoctoral scholar in 
Huberman’s lab, as he demonstrates 
the program. The dots flash in specific 
patterns, designed to stimulate specific 
types of ganglion cells, he says.

Patients will be able to do the 
therapy at home, browsing the gallery 
for 30 minutes a day over the course 
of a month or two. Each week, they 
will be tested in the clinic to see if 
the stimulation has had an impact on 
their sight. Huberman says the ther-
apy isn’t likely to help someone who 
has no ganglion cells at all and is com-
pletely blind. But it could stimulate 
new axons to grow in ganglion cells 
that are still alive and have the capac-
ity to reach out to the brain.

“Take someone with huge holes in 
their visual field — someone who is go-
ing blind, who can’t read or drive or see 
their children. Can we bring back some 
vision? Maybe,” he says. “We can exer-
cise the ganglion cells and that might let 
them hold on to what they have.”

The technology is simple and afford-
able, requiring just a computer laptop and 
a pair of goggles, so it could be used in 
developing countries, where glaucoma 
affects some 60 million people. Many of 
these patients have no access to treatment 
and face the prospect of going blind.

“It’s inexpensive enough that you 
could imagine creating a whole, por-
table eye clinic for $1,000 that many pa-
tients could use,” Huberman says.

He says the trial will enroll up to 200 
patients and is likely to last a year. Olcott 
is already vying for one of those slots. 

“It could be transformative for me,” he says. “I’m keeping 
my fingers crossed because it involves a noninvasive tech-
nique aiming to help the optic nerve and brain make a better 
connection so a damaged optic nerve can communicate bet-
ter with the brain. I’m pinning my hopes on that.” SM

 — Contact Ruthann Richter at richter1@stanford.edu
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expansive 
vision 
STANFORD 

OPHTHALMOLOGY 

IS GROWING

It’s a good time for 

ophthalmology at Stanford. 

Stanford’s ophthalmology de-

partment, the Byers Eye Institute, 

established a new center for vision 

research this summer. The Mary 

M. and Sash A. Spencer Center 

for Vision Research will focus on 

developing new treatments for 

debilitating and common eye 

diseases such as glaucoma and 

macular degeneration.

The center will help support the 

research of the Byers Eye Institute 

by creating interdisciplinary teams 

of experts in genetics, imaging, 

stem cells and neurobiology, as well 

as ophthalmology. It will also focus 

on developing new diagnostic and 

screening methods.

The Byers Institute treats pa-

tients from around the world who 

seek the latest therapies for eye 

disorders such as uveitis, ocular 

oncology, cataracts and corneal 

diseases. The institute’s faculty has 

grown 50 percent in the past year 

to 45 members (and is still recruit-

ing), and its laboratory research 

and clinical trials are internationally 

known for their innovation.
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pathwaysCARLA SHATZ, PHD, REMEMBERS THE 

REVIEWS WELL, OR RATHER THE LACK OF 

THEM. IT WAS 1997, AND SHE AND  

HER POSTDOCS HAD JUST DISCOVERED 

THAT A MOLECULE ORDINARILY  

ASSOCIATED WITH THE IMMUNE SYSTEM 

PLAYED A ROLE IN SHAPING YOUNG, de-
veloping brains. It was a big discovery, so 
they tried to publish it in a major scientific 
journal. But the editor — after consulting 
briefly with a couple immunologists, who 
told him Shatz and her team must have 
made a mistake — rejected it.

Her postdocs got discouraged, but 
Shatz had a different reaction. “I got 
angry.” Shatz and her team had made a 
breakthrough discovery, and she  
was going to make sure the work got  
attention.

She hadn’t set out to stir up trouble. 
Four decades ago, Shatz just wanted  
to know more about how the visual part 
of the brain wires up during develop-
ment. But as she pursued that goal, she 
and her team made some of the past 40 
years’ most important — and at times 
controversial — discoveries about brain 
wiring during developmentally critical 
periods. Driven by curiosity and a refusal 
to be bound by traditional thinking, 
Shatz has time and again found herself in 
uncharted and fertile territory.

 
Seeing inside the brain  
Shatz’s first major discovery emerged in 
the 1980s, not long after she joined  
Stanford’s neurobiology faculty, and built 
on her earliest work as a student and post-
doctoral researcher on the development of 

FROM 

THE 
EYE 

TO 

THE 
BRAIN

BY NATHAN COLLINS
P H O T O G R A P H Y  B Y  B R I A N  S M A L E

CARLA SHATZ GOES WHERE HER 

CURIOSITY LEADS.





the visual system. By that time, she was already a trailblazer in 
one respect: In 1976, she had become the first woman to re-
ceive a PhD in neurobiology from Harvard University, and in 
1978, she became, with Helen Blau, PhD, one of the first two 
women to join the basic science faculty at Stanford’s School 
of Medicine.

In mammals with good binocular vision such as cats, the 
visual system is a precision instrument, organized so that light 
picked up at neighboring points on the retina at the back of 
the eye is projected onto neighboring neurons in the brain’s 
visual cortex. The brain also does an extraordinary job of 
separating out information from the left and right eyes, and 
it does these jobs so well that some assumed the organization 
was hardwired and took shape independent of sensory input. 
The finest details, these researchers thought, were explicitly 
preprogrammed in an animal’s — or human’s — DNA.

Shatz suspected otherwise. When the brain first forms in 
the womb, it is not the finely tuned machine it eventually be-
comes. Instead, its connections are a poor approximation of 
what they will grow into, and, sort of like a haphazardly wired 
computer, it does not operate at its full potential. But as brains 
develop, something happens to prune and fine-tune the wir-
ing into a precise computer that can translate light shining on 
the eyes into an understanding of the world around it.

Shatz’s investigations into pruning and tuning led to a 
1988 study in which she and Michael Stryker, PhD, injected 
a drug, tetrodotoxin, into the developing brain. Tetrodotoxin 
blocks electrical activity in neurons, and in this case, it also 
blocked normal pruning in the visual system.

To Shatz and Stryker, the message was clear: Although the 
rough structure of the visual system is programmed in our 
genes, the precise connections among neurons in the adult 
visual system are not explicitly predetermined. Instead, those 
connections emerge out of an interaction between genes and 
neural activity. Specifically, Shatz says, neural activity regu-
lates the genes that are ultimately responsible for pruning 
and strengthening connections between neurons.

Those results eventually led Shatz to coin what may be 
the best-known aphorism in neuroscience, “neurons that 
fire together wire together,” and its corollary, “out of sync, 
lose your link.” In other words, where there is electrical ac-
tivity in the brain, connections between neurons are built 
up, while others are pruned away.

Although that idea is now universally accepted, that ac-

ceptance did not come easily. Mostly in conversations but 
also in a few published studies, Shatz says, neuroscientists ar-
gued that the results were a mistake. Shatz and Stryker, these 
researchers argued, had probably just poisoned the brain. Te-
trodotoxin is, after all, a toxin. 

There were other questions as well. To produce orga-
nized visual circuits, electrical signals had to be coordinated 
— according to the “fire together, wire together” aphorism, 
organized connections require organized signals — but no 
one knew what was responsible for the organization. Shatz 
and her team still believed that coordinated electrical activity 
was crucial to the proper development of vision circuits, but 
they would need to do more to prove it.

Waves on a sea of neurons SE E I N G  B E G I N S  WHEN light shines on our eyes, 
triggering neurons in the retina to fire, which sends 
electrical signals into the brain’s vision centers. 

The funny thing is, animals in the womb 
like those in Shatz and Stryker’s experiment, 
cannot see. They are still in the dark, and their 
eyes are closed. In fact, the rods and the cones 

in the retinas are not yet fully formed, meaning that even if 
light did somehow reach their eyes, it could not trigger any 
neural signals via electrical activity. So if vision circuits need 
coordinated electrical signals to develop properly, where do 
those signals come from, and what coordinates them?

The answer came in the early 1990s when Shatz and her 
postdoctoral researcher Rachel Wong, PhD, linked up with 
Denis Baylor, MD, then a professor of neurobiology, and his 
postdoctoral researcher Markus Meister, PhD. Wong was a 
physicist and an expert on the retina, and Baylor and Meister 
had been developing electrode arrays that could measure ac-
tivity in around 100 neurons at a time. That made it possible 
to study what was going on in developing retinas.

Even in newborns without fully developed retinas, the 
foursome reported in a 1992 paper, intricate networks of 
neuron circuits had already formed across their retinas. 

Those neuron networks turn out to be critical. Neurons 
can fire at any time, more or less at random, but without con-
nections to other neurons, nothing interesting happens. With 
connections, neurons can send signals to other neurons across 
the retina. And with the networks that Shatz and colleagues 
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found, something beautiful happens: 
One neuron fires, triggering nearby neu-
rons to fire, forming a kind of pulse of 
electrical activity — and then, the pulse 
starts to travel around the retina in wave-
like patterns before fading away. Then 
another neuron fires at random, and the 
waves begin again.

 “The neurons are spontaneously ac-
tive, but it’s not like twinkle twinkle little 
star, and it’s not like a big tsunami either. 
It’s these local waves,” Shatz says — ex-
actly the kind of coordinated activity a 
developing visual circuit needs. 

Shatz moved her lab to the University 
of California-Berkeley in 1992, but kept up 
the work on what she called retinal waves. 
Later studies using a technique called calci-
um imaging revealed those waves in capti-
vating detail, yet there were still critics. One 
anonymous reviewer suggested they were 
just witnessing “spreading depression,” a 
wave of out-of-control, exploding neurons 
— which made little sense, Shatz says, since 
spreading depression destroys neurons, 
while retinal waves bounce around, fade 
away, and reemerge over days and weeks. 

Other critics noted that the experi-
ments were not done in living animals 
— the electrode arrays were too big 
and heavy to make that practical. In-
stead, Wong, whom Shatz describes as preternaturally 
handy, gently removed the retinas and studied them in 
a dish. In 2014, researchers finally succeeded in record-
ing retinal waves in live animals — 20 years after Wong, 
Meister and Shatz published their first results. 

What’s that molecule doing there? IN THE MEANTIME, Shatz started to wonder how 
exactly the brain implements its “fire together, 
wire together” and “out of sync, lose your link” 
rules, so she and her lab decided to screen mice 
for genes that might be involved in strengthen-

ing and pruning links between neu-
rons. After all, she reasoned that 
even the “fire, wire” rule must have 
a genetic basis.

What they found was astonishing: 
Neurons’ electrical activity governed 
the production of a group of mole-
cules, called major histocompatibility 
complex class one. MHC1 molecules 
are best known for their role in the im-
mune system, and according to widely 
held views at the time, MHC1 was not 
even supposed to be in the brain under 
normal circumstances, let alone in-
volved in shaping the structure of the 
visual system.

When the paper was rejected, Shatz  
felt bad for her postdocs, Roderick Cor-
riveau, PhD, and Gene Huh, PhD. “I 
mean, they had done really beautiful 
work,” she says. 

The team persisted, and less than 
a year later — thanks in part to a 
few more experiments and an in-
trigued editor, Shatz says — they 
published their study in Neuron in 
1998. In 2006, her team — now at 
Harvard — identified a molecule, 
paired-immunoglobulin-like recep-
tor B, or PirB, that resides on neuron 
surfaces and works with MHC1 mol-

ecules to drive synaptic pruning like lock (PirB) and 
key (MHCI). When MHC1 lands on PirB, it acts like 
a switch that prevents new synapses from forming and 
triggers the pruning of others.

“It did seem a little surprising,” says David Raulet, 
PhD, an immunologist at UC-Berkeley who provided 
the MHC1-suppressed mice for Shatz’s lab when they 
were based at Berkeley. Back then, he says, “we just 
didn’t know where to put it” in the context of the im-
munological canon. 

The role MHC1 plays in healthy brains remains bemus-
ing, if not exactly controversial, in immunological circles — 
but no matter, Shatz says. By then, “we were off.”

a retinal wave 
in action 
Here’s a diagram of electrical 

activity measured by an elec-

trode array attached to retinal 

neurons. Each blue dot repre-

sents a neuron’s approximate 

location.The size of each red 

dot represents the amount of 

electrical activity recorded over 

one-half second at the 

corresponding neuron. The 

wave pictured here begins 

when a neuron in the top right 

of the array fires spontaneously, 

stimulating nearby neurons. 

Over the next 1.5 seconds, 

neural activity spreads out 

toward the center of the 

array. Finally, it separates into 

two waves that move down 

and to the left and right 

before dying out.
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Disease and the pursuit of basic — and  
interdisciplinary — science SHATZ  HAD MOVED TO Harvard University in 2000 

to chair its Department of Neurobiology, where 
she continued to learn more about how MHC1 
and PirB worked. Armed with that knowledge, 
she turned toward something that seemed re-

mote at best when she first started out: disease. In 2004, 
Shatz and postdoctoral researcher Lisa Boulanger, PhD, 
proposed that MHC1 could play a role in neurodegenera-
tive diseases such as Alzheimer’s, in which the brain’s ordi-
nary pruning mechanisms go haywire. 

In 2007, Shatz moved back to Stanford and, since then, 
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her lab has shown that suppressing PirB protects against 
memory loss in mice that have been genetically modified 
to carry the human Alzheimer’s gene. In 2012, they showed 
that suppressing MHC1 could help protect the brain from 
the worst effects of a stroke, a finding that may inspire new 
treatments for a variety of neurological disorders, or at least 
a better understanding of them.

“Carla literally changed the way we think about develop-
ment of the visual system,” says William Newsome, PhD, pro-
fessor of neurobiology and director of the Stanford Neurosci-
ences Institute. “But beyond that, it turns out that many of the 
mechanisms Carla discovered hold true for the development of 
other pathways in the brain, not just the visual pathways.”

MONKEY ECONOMICS 

TODAY WILLIAM NEWSOME, PhD, a professor 
of neurobiology and director of the Stan-
ford Neurosciences Institute, is perhaps 
best known as one of the founders of the 
neuroscience of decision-making and its 
offshoot, neuroeconomics, but he remains 
well-known for work in his original field, 
monkey vision.

“The first 20 years of my career was 
devoted to the study of vision,” Newsome 
says, “which led naturally into the study of 
decision mechanisms over the past 20.” 

The breakthrough came when New-
some and his lab were studying how 
monkeys perceive motion. The team would 
train monkeys to report whether a pattern 
of dots on a computer screen was, on aver-
age, moving up or down, using juice as a 
reward for correct responses. Meanwhile, 
they were tracking electrical activity in 
neurons in the monkeys’ visual cortexes. 
At first, the idea was to look for simple 
patterns in that electrical activity that pre-
dicted the monkeys’ responses.

The eyes may or may not be a window to the soul, but they are certainly 

a window to the brain. Several Stanford researchers use vision 

to understand the basic goings-on inside our heads. Their studies illustrate 

the range of what vision can teach us about ourselves. 

seeing beyondvision 

                     S T U D Y I N G  H O W  W E  S E E  I S  C H A N G I N G  V I E W S  O F    D E C I S I O N - M A K I N G ,  A U T I S M  A N D  N E U R O L O G I C A L  D I S E A S E      

“That’s when I realized ‘Hey, we really 
need to understand how sensory evidence is 
converted to decisions in the brain.’”

The ensuing research caught the 
interest of economists seeking a better 
understanding of decision-making. It had 
become clear to some economists by the 
1970s that some of their core assump-
tions about how humans choose were not 
always right. The Newsome lab’s research 
held the promise of building stronger new 
assumptions from the ground up, and 
today decision neuroscience is a major 
focus of research worldwide. Among other 
things, the field showed that two brain 
chemicals, serotonin and dopamine, track 
the costs and benefits associated with a 
given choice, and that higher testosterone 
levels may lead to riskier economic deci-
sions. Decision neuroscience also helped 
launch more biologically oriented studies 
of politics, such as a series of studies that 
linked individuals’ political predispositions 
to their physiological reactions to uncer-
tainty and disgust.

HYPERSENSITIVITY AND AUTISM

ANTHONY NORCIA’S main interests lie in 
the development of three-dimensional 
vision and the effects of two conditions — 
amblyopia (better known as lazy eye) and 
strabismus, or misaligned eyes — on visual 
development. But in the last few years, 
his interest in vision has carried him in an 
entirely different direction: autism. 

The connection is simple, although not 
universally known. People with autism are 
often more sensitive to loud noises, scratchy 
clothing tags and bright lights than others. 

“Historically, people thought of autism 
as a social interaction problem, but there 
were always reports of hypersensitivity,” 
says Norcia, PhD, a professor of psychology. 
In the last decade and a half, researchers 
have started to look more closely, to try to 
understand the connection.

There are two prominent theories, 
Norcia says. First, differences in how kids’ 
brains treat sensory information at a young 
age could lead to disorders: If something 
goes wrong with how information is pro-
cessed, that abnormality could influence 
brain development and perhaps lead to 
autism.
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A second, related possibility is that the 
neurons are hyperactive, which could ex-
plain why a substantial majority of people 
with autism also have irregular electrical 
activity in the brain, as well as a possible 
link between autism spectrum disorder 
and epilepsy.

In his own work, Norcia uses electro-
encephalograms to track electrical activity 
in kids’ brains while they read or look at 
pictures, then compares children with and 
without autism. One such experiment, 
published in 2014, found children with au-
tism had abnormalities at the very earliest 
stages of vision processing — which may 
have downstream consequences for visual 
perception and thinking.

EYES ON PARKINSON’S AND STROKE

AS A CLINICAL neuro-ophthalmologist, 
Joyce Liao, MD, PhD, approaches the 
brain through the eyes of her patients, 
who are typically in their 50s or older 
and have begun having problems read-
ing. Difficulties sometimes develop 
gradually, as is the case for people 
with Parkinson’s disease who have a 
related eye movement disorder, or they 

develop suddenly, as can happen to 
people who’ve had a stroke that results 
in partial blindness. But even if doctors 
ascertain the overarching problem, says 
Liao, the best available treatments fail 
to adequately address reading and vision 
disabilities.

 “There are so many different areas in 
the brain that are dedicated to reading ef-
fectively that any one of them, if impacted, 
could affect reading,” Liao says. Without 
more specific behavioral or neural symp-
toms, she says, “it’s actually kind of hard 
to know how to help them.” 

Liao has been tackling that problem, 
starting with a better understanding 
of the specific causes of reading dif-
ficulties stemming from Parkinson’s 
and stroke. In the former, she says, 
eye-tracking experiments show that 
the telltale shakiness of Parkinson’s 
extends to the eyes, making it difficult 
for patients to shift their gaze smoothly 
from one word to the next on a line. 

Stroke has a somewhat more surpris-
ing impact. When a stroke blinds patients 
in one eye, they tend to look into the dark-
ness — if they lose vision in the left eye, 

for example, they tend to use their good 
eye to look more to the left than the right. 
Doing so may help recover some visual 
acuity, but that bias could make reading 
harder. Normally, our eyes scan a line of 
text, spending roughly equal amounts of 
time on the left and right of the line, but 
vision loss disrupts the usual pattern. 
Patients with vision loss in one eye will 
spend more time on one side than the 
other, ultimately slowing their reading.

The brain mechanisms underlying 
reading difficulties in Parkinson’s and 
stroke remain largely unexplored, Liao 
says, but she hopes to change that, too. 
To do so, Liao has teamed up with Brian 
Wandell, PhD, a professor of psychol-
ogy who has for decades studied the 
development of vision and reading in 
young brains, and Michael Kamil, PhD, an 
emeritus professor of education. Using 
some of the same techniques that proved 
successful in the study of reading, eye 
movement control and higher-order visual 
abilities, Liao, Wandell and Kamil hope to 
better understand how the brain — and 
our ability to read — responds to injury 
and degeneration.  

Today, neuroscientists have come to accept most of her 
conclusions. Shatz, a member of the neurosciences institute, 
is now the Sapp Family Provostial Professor and directs 
Stanford Bio-X, a hub of interdisciplinary collaboration on 
campus. She was elected to the National Academy of Sci-
ences in 1995. In 2016, she won the Kavli Prize in Neurosci-
ence, among the field’s highest honors

Still, Shatz says, she worries for the future. Throughout 
her career, she says, she has benefited from interdisciplin-
ary work. A major factor in her return to Stanford was the 
chance to lead Bio-X, where she could help foster — and, 
more to the point, fund — occasionally bonkers-sounding 
collaborations between doctors, engineers and basic scien-

tists that might not happen any other way. 
And, she says, her career benefited from the ability to fo-

cus on basic science without regard to the drugs or therapies 
that might result. She laments the pressure on a younger 
generation of researchers to translate their research into 
treatments as quickly as possible.

“It’s crazy to think that just by studying fundamental aspects 
of the development of the visual system, it’s led us to think in new 
ways, potentially really important clinical ways, about not just 
treating visual problems but possibly problems of synapse loss as 
occurs in Alzheimer’s or Parkinson’s or even multiple sclerosis. 
You never know where basic research questions will lead.” SM 

— Contact Nathan Collins at nac@stanford.edu
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the 
fearful  

eye
I STOOD, EXPOSED, AT THE PROW OF AN UNDERWATER VESSEL AND WATCHED A GREAT WHITE 

SHARK COME TOWARD ME, ITS ROWS of gleaming, pointy teeth headed for my throat. 

The shark got within about 2 feet of me, hung a U  

and smoothly swam away. Another approached. I was stuck in the middle  

of a whole school of them.
A guilty source of comfort was the knowledge that a couple of the other divers were  

way more exposed than I was. I wouldn’t want to be in their fins.
Most calming of all, I knew that none of this was real — or, at least, the conscious part of my brain 

did. Had I been convinced I was really 100 feet underwater and surrounded by these bionic  
buzz saws, my fear levels would have been registering on the Richter scale. I would be freaking out.

In actual fact I was standing in a small room immersed in sensory inputs, mostly visual,  
telling me that I was below the surface of the waters off Guadalupe, an island 150 miles west of Baja 
California — dodging the serial swim-bys of a few dozen great white sharks. 

USING VIRTUAL REALITY TO HACK FRIGHT





Vision’s role in fear aNDREW HUBERMAN, PHD, an associate profes-
sor of neurobiology at Stanford, doesn’t know 
the meaning of fear — literally. You probably 
don’t, either, although we all know it when we 
feel it: Our heartbeat speeds up, our limbs tin-
gle, our breathing becomes shallow and rapid, 
our muscles pulse with multiples of their nor-
mal strength and time seems to slow down.

But there’s more to fear than a constellation of peripheral 
bodily signals, Huberman says. It’s a state of mind as well, a 
holding pattern designed to maintain heightened arousal while 
you figure out what to do next. To neuroscientists that means 
it’s also a state of the brain, shaped by eons of evolutionary trial 
and error during which the punishment for failure to respond 
appropriately and quickly was often death, not to mention few-
er viable offspring.

Huberman wants to learn more about fear by identifying 
the neural circuitry underlying it, and pinpointing the com-
ponent circuits’ settings during episodes of fear. In the long 
run, Huberman also hopes to help people gain more control 
over irrational fear, a response that can get tripped off so of-

ten or so severely it hampers healthy coping.
To study fear, one must induce it. This Huberman 

is doing. Having spent the last 20 years or so studying 
the neurobiology of vision, he’s taking a mainly visual 
approach, with the help of a virtual-reality chamber his 
team created from scratch. 

Vision is our dominant mode of sensation, says Huberman. 
“Nearly 40 percent of the human brain is dedicated to 

processing visual information,” he says. So it stands to reason 
that visual information about a real or imagined threat gets 
VIP treatment in the brain.

But very little has been done in charting the flow of informa-
tion from visual input through the deeper centers in the brain 
where fear is generated, processed, acted on and overcome, 
Huberman adds. “There’s still so much we just don’t know.”

We do know that images landing on the retina trigger signals 
in nerve-cell relays that, after numerous processing steps, yield 
a conscious perception of what we see. But we’ve also evolved 
specialized, faster forms of response to visual threats. Faced with 
a poisonous snake or a hungry beast, you don’t want to wait until 
you’ve been devoured or injected with a lethal toxin before you 
get around to stepping back, starting to run or putting up your 

ANDREW HUBERMAN, PICTURED HERE WITH A PHOTOGRAPH OF A GREAT WHITE SHARK. SHARK PHOTOGRAPH 

BY MICHAEL MULLER (PUBLISHED WITH PERMISSION).



dukes. You need to register right away that something bad is hap-
pening, and figure out exactly what it was later.

There’s an alternate fast-track route, from the retina to 
a well-studied brain structure, the amygdala, which speed-
ily carries out many functions, including flagging threats. 
Signals from the amygdala can trigger secretion of stress 
hormones from the adrenal glands into the bloodstream, un-
locking loads of energy-rich glucose stored in the liver for 
rapid uptake by the muscles. 

The mice that roared  OTHER IMPORTANT, though not as well-
studied, brain centers are involved in visual 
threat detection and response. Lindsey Salay, 
a graduate student in Huberman’s labora-
tory, has identified one of those centers, right 
smack in the middle of the brain. Ironically, 
the brain center Salay found responds to fear-
inducing stimuli by stiffening the spine.

One thing mice are afraid of — innately so, no previous 
training required — is aerial predators: hawks, owls and so 
forth. Put a mouse in an open field, and it’s a sitting duck. 

Within a second of perceiving an airborne predator, that 
mouse almost invariably makes a decision to either freeze, 
which (it hopes) will make it harder to detect, or (if a shel-
ter is available) make an immediate run for it. There aren’t a 
whole lot of other promising options.

To determine how brain activity changes in the presence 
of a visual threat, Salay employed a laboratory mock-up of 
a predator’s approach: a mouse-scale arena akin to an open 
field, with a video screen covering most of its ceiling. On 
that screen could be shown an expanding overhead disk that 
simulates an approaching bird of prey.

A postdoctoral scholar in Huberman’s lab, Melis Yilmaz Bal-
ban, PhD, had created this contraption while a student at Har-
vard and then CalTech. In a study published in 2013, Yilmaz Bal-
ban showed that mice sighting a dark overhead expanding disk 
either run for cover or freeze for an extended period. 

Salay compared the brain activity of mice that had been ex-

posed to this “looming predator” for a few minutes with that of 
mice that hadn’t. She located a particular region called the ven-
tral midline thalamus, or vMT (we humans have an analogous 
structure), that became activated in the presence of the over-
head expanding disk but was relatively quiescent in its absence. 

Salay found that despite its activation by fear-inducing 
stimuli, the vMT wasn’t just another cog in the brain’s run-
and-hide machinery. To the contrary: If you directly stimu-
late mice’s vMT sufficiently, she observed, instead of freez-
ing or running for cover they become uncharacteristically 
inclined to stand their ground. They remain right out there 
in the open and start rattling their tails. 

“You can actually hear their tails thumping on the floor or 
against the wall of their enclosure,” says Salay. This defiant 
behavior, displayed by macho male mice just before they start 
fighting or by nursing mouse moms when a strange male in-
trudes into their space, is observed only rarely in regular mice 
under simulated aerial attack, and then only after they’ve 
ducked into a shelter they can crouch in, safe and sound. 

The vMT-stimulated mice also run around more out 
in the open. That, as well as the tail-rattling, would make 
the mouse much more visible and tantalizing to a real at-
tacker in real life. 

It’s as if the mouse is yelling at the approaching hawk, “Yah! 
C’mon, make my day! You don’t scare me, Tweety Bird.”

Call it “courage.” 
Says Salay, “It’s like flipping a switch from cowardice to 

bravado. The vMT is the switch.” 
And the mice like playing Mighty Mouse. Given a choice 

between two locations, one where they get their vMT stimu-
lated and another where they don’t, they preferentially head 
for the one that generates stimulation.

Humans apparently like it, too. According to studies from 
the early 1960s, patients preferred stimulation of a brain re-
gion analogous to a mouse’s vMT over stimulation of any 
other brain area tested, including ones associated with sexual 
arousal. Oddly, when asked to describe the sensation they 
perceived when it was stimulated, they didn’t recount titil-
lating tales associated with pleasure. Instead, they reported 
feeling “frustration and mild anger.” Hmmm. And they liked 

To study fear, one must 
induce it. This Huberman is doing. 

He’s taking a mainly visual approach, with the help of  
a virtual-reality chamber his team created from scratch. 
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taken impression that an open field lies ahead.
After filling out questionnaires concerning their current and 

general levels of anxiety and fear, participants will be fitted with 
sensors and filmed as they undergo a series of unsettling VR sce-
narios, of which the shark encounter is just one. Afterward, they’ll 
be coached in one of a variety of ways that might help them dial 
down the typically uncomfortable, often decision-hindering, and 
sometimes debilitating autonomic reactions that, given the cor-
responding mental state, we categorize as fear. Then they’ll be 
tossed back into the VR chamber for a repeat round of the hair-
raising episodes to see if the training worked.

Huberman and his colleagues hope to run hundreds of 
healthy, normal participants through this just-completed VR 
chamber in the next year. The idea is to establish baselines for 
the various parameters being measured.

Eventually Huberman hopes to introduce hundreds or 
even thousands of participants, including people with post-
traumatic stress disorder, generalized anxiety disorders or a 
variety of phobias, to the chamber.

Many people carry around uncomfortable levels of fear-
fulness with them even when they’re not contending with an 
oncoming 30-foot-long shark. During their lifetimes, about 
5 percent of all Americans will be diagnosed with a severe 

anxiety disorder, nearly 8 percent will receive a diagnosis of 
PTSD and more than 10 percent will suffer from a phobia. 
They can’t simply calm themselves by repeating, “It’s not 
real” or “This isn’t really a threat.”

Invoking journalistic privilege, I volunteered to be the 
first person to test the waters, as it were, by being treated to 
a walk-through of the entire sequence of scare scenarios. So 
here I stood in the customized chamber, begoggled, head-
phoned and festooned with multiple electrical leads moni-
toring my heart rate, breathing and sweat output.

Cameras in the room’s upper corners spied on my face and 
hands, while the goggles fed me virtual-reality footage. (They 
were also checking my pupil size, a good indicator of a person’s 
arousal level: the wider the pupil opens, the higher the arousal.) 
Watching through the observation window was Yilmaz 
Balban, the creator of the “looming predator” paradigm. 
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it. This could explain a lot about our attraction to sports, not 
to mention the chemistry in a person’s previous relationships.

In short, the vMT is like Popeye’s spinach. Activating it ap-
pears to bring on a bird-flipping rush of righteous defiance. 

The lion and the gazelle  a  
GA Z E L L E  R U N N I N G  for its life and the lion 
chasing it are, in many respects, in similar physi-
cal states. Both animals’ adrenal glands are pump-
ing furiously, and both animals’ livers are shovel-
ing tons of glucose into their bloodstreams. Their  
hearts are pounding, their breathing is acceler-
ated, their senses are heightened.
So, what’s the difference? Well, for one thing, 

their state of mind. The lion wants to be there; the gazelle 
really doesn’t.

Activating the vMT appears to turn a mouse’s mental state 
in the face of a harrowing situation from gazellelike to lion-
like. What if you could do that in humans, too?

“We’re hoping to learn how to turn gazelles into lions,” says 
Huberman. Doing that doesn’t necessarily require gaining di-
rect physical access to a person’s vMT. That’s lucky, because you 

can’t just tuck a bunch of electrodes into the middle of people’s 
heads and crank up the juice. So instead, Huberman and his 
teammates are planning to induce fear under controlled con-
ditions; monitor some of the more easily accessed autonomic 
states that accompany it; and see if there are reliable, testable 
ways of reducing it. For this, they’ve turned to virtual reality. 

VR is uniquely capable of capturing visual experiences so 
that the full sphere of visual input gets reproduced: Put on the 
goggles, hit the “play” button, and wherever you look, you’ll 
see a 3-D replication of pretty much whatever you would have 
witnessed in the real-life scenario. Audio input, easily provided, 
further enhances the experience.

Huberman’s group equipped its VR chamber with an 
observation window so investigators can monitor par-
ticipants in real time, and with padded walls in case a 
participant reflexively makes a run for it under the mis-

Huberman and his colleagues 
                 hope to run hundreds of

            healthy, normal participants through this 

          just-completed VR chamber in the next year.



“When I put mice in a box and showed them a defined stim-
ulus — an overhead expanding disk — they exhibited an easily 
identified and measurable behavioral response: freezing or run-
ning for cover,” she says. “Now, I wanted to put humans in a box 
and see what happened and whether that could be measured, too.” 

So she conducted an online survey asking people what they’re 
afraid of, and received lots of feedback: Plenty of us are afraid of 
heights, spiders, snakes and vicious dogs. Oh, and sharks.

Scare scenarios and high hopes IN OCTOBER 2016,  Huberman and a few members 
of his team traveled to Guadalupe, an island off the 
coast of Baja California where great white sharks 
abound at that time of year. Accompanying them 
was famed Hollywood photographer and skilled 
open-water shark diver Michael Muller. Huberman, 
Muller and other divers entered a cage that was then 
submerged 30 meters straight down into a school 

of great whites. From that submersible, Hubermann shot 
360-degree “spherical video” (wherever you look, you see 

whatever was there when the camera was filming the scene). 
Muller and a few other divers left the cage to get very up-
close video of the 14- to 20-foot long, 2-ton creatures.

 “Visually speaking, it’s about as real as being there,” says 
Huberman. “The only difference is you don’t get wet — al-
though some people sweat a lot.” I watched this episode un-
fold all around me during my VR experience.

I was also subjected to scenarios in which I was perched 
on a branch of a very tall tree hundreds of feet above the 
sidewalk, or seated next to a vicious, toothy pit bull that “at-
tacked” my arm. Rounding out the picture were computer-
generated but nonetheless ultra-realistic bouts of leaping off 
a plank several stories above the ground, and fending off at-
tacks by a large hairy spider with the rough equivalent of a 
baseball bat. 

In the latter scenario, you’re sup-
posed to play a complicated game in 
which you aim a wand at a wall to 
make lit-up squares flip to dark and 
vice versa. But that’s just a distraction. 
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VISUALS PIPED IN THROUGH VIRTUAL REALITY GOGGLES PLUS AUDIO AIM TO CREATE TERRIFYING EXPERIENCES FOR HUBERMAN’S STUDY SUBJECTS.

W E B  E X T R A

See our video at 

http://stan.

md/2uN5sev
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bionic
AT 16,  LYNDA JOHNSON WAS READY TO LEARN HOW TO DRIVE. YES, SHE HAD A 

PROGRESSIVE EYE DISEASE, RETINITIS PIGMENTOSA, which already had stolen her night 
vision. But throughout her childhood, the Millbrae, California, girl had kept up with her broth-
er and sister, climbing trees, skateboarding and even riding a bike. She had studied the Depart-
ment of Motor Vehicles manual and passed the written test. All she needed for her learner’s 
permit, the DMV clerk told her, was a physician’s note saying she could get behind the wheel. 

When an ophthalmologist subsequently refused to give her the green light, Johnson was 
heartbroken. “I stormed out of his office, slamming every single door. And then I got so 
depressed,” she recalls. “People would ask me, ‘What do you want to do when you graduate?’ 
and I’d say, ‘I don’t know. I’m going blind.’”

Today Johnson is a marriage and family therapist with a thriving practice in San Mateo, 
California, the mother of a 19-year-old son, and a counselor and support group facilitator at 
Palo Alto’s Vista Center for the Blind and Visually Impaired. She reads and writes with the 
help of a laptop computer that converts text into speech, and her guide dog, a golden retriever 
named Mackenzie, helps her get around.

Sometimes she wonders, though: What if scientists came up with a device, similar to a  
cochlear implant for deaf people, that could help her to see again? At 58, Johnson still remem-
bers the old Six Million Dollar Man television series — the one where the injured test pilot, Steve 
Austin, gets new bionic limbs and a left eyeball with a 20:1 zoom lens and infrared capabilities. 
“Wouldn’t it be weird if I could go from this point to that?” she says, laughing.  “I would so do it.” 

Scientists and engineers still are a long way from creating a visual prosthesis that works as 
well as a real human eye, let alone a superhuman one. Nevertheless, two Stanford research 
teams are making steady progress in what was once the realm of science fiction. One of their 
promising new devices, a bionic vision system based on photovoltaic implants, is awaiting 
approval for human clinical trials in Europe. A second system, based on in vitro studies of the 
retina, could be ready for animal testing within four or five years. Both inventions have the 
same goal: to give back some measure of sight to people like Johnson, who have progressive 
diseases of the retina — especially retinitis pigmentosa and macular degeneration. 

HOW VIDEO GOGGLES AND A TINY    IMPLANT COULD RESTORE SIGHT
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HOW VIDEO GOGGLES AND A TINY    IMPLANT COULD RESTORE SIGHT

DANIEL PALANKER USES OPTICS AND ELECTRONICS TO INVENT TECHNOLOGY FOR RESTORING VISION.



Certainly the need is there. According to the National In-
stitutes of Health, retinitis pigmentosa is the leading cause of 
inherited blindness, affecting 1 in about 4,000 people in the 
United States. As in Johnson’s case, the disease usually begins 
with a loss of night vision in childhood, and progresses to 
involve peripheral and then central vision, gradually robbing 
young people of the ability to read, drive, recognize faces and 
do routine daily tasks. 

Macular degeneration, in contrast, is one of the leading 
causes of vision loss in Americans 60 and older. By 2020, 
the  NIH estimates that as many as 3 million people in the 

How the goggles work
A CAMERA MOUNTED ON THE PRIMA “bionic” goggles 
captures an image, say a flower. The attached video processor 
and microdisplay convert that picture into pulses of 
near-infrared light, which are projected from the goggles into 
the eye. Photodiode arrays, implanted under the retina, pick 
up these signals and convert them into electrical pulses that 
stimulate the bipolar cells directly above them. The brain per-
ceives these pulses as patterns of light. 

THE NEURONS IN THESE PATIENTS’   
                              RETINAS CAN BE     STIMULATED ARTIFICIALLY, WITH MICRO-ELECTRODES,
           BYPASSING THE DAMAGED    RODS AND CONES ALTOGETHER. 

United States may be living with various stages of the disease, 
which gradually destroys the densely packed light-sensitive 
cells, called photoreceptors, in the retina’s center, or macula. 
“Many of these folks are going to be losing their central vi-
sion,” says Chip Goehring, president of the American Macu-
lar Degeneration Foundation, “so it is absolutely vital that we 
have options for the restoration of sight, including biological 
and mechanical approaches — stem cell therapies for pho-
toreceptor replacement, gene therapies to restore dysfunc-
tional retinal tissues, and prosthetic retinas that can serve an 
even wider population of people with vision loss.”

 
Worldwide quest
NORMAL RETINAL TISSUE CONSISTS OF PHOTORECEP-

TORS: LIGHT-SENSITIVE CELLS resembling rods and cones 
at the base of the eye, topped by interconnected layers of 
neurons. The signal travels from the rods and cones, through 
bipolar cells to ganglion cells, then via the optic nerve to sev-
eral brain areas, including the visual cortex. Scientists still 
aren’t exactly sure why the rods and cones break down in pa-
tients with retinal diseases, nor have they figured out ways to 
prevent, slow or reverse the process.

 There is one silver lining, however: Retinitis pigmentosa 
and macular degeneration tend to spare some of the bi polar 
and ganglion cells. This means that the neurons in these 
patients’ retinas can be stimulated artificially, with micro-
electrodes, bypassing the damaged rods and cones altogether. 

Daniel Palanker, PhD, a professor of ophthalmology at 
Stanford, has an up close view of how devastating diseases 
of the retina can be: His mother-in-law has age-related 
macular degeneration and requires high-power magnifi-
ers to read. Trained as a physicist, Palanker directs Stan-
ford’s Hansen Experimental Physics Laboratory, and has 
developed and patented numerous devices over the years to 
diagnose and treat eye diseases. Among them are a neuro-
stimulator for enhancement of tear secretion in patients 
with dry eye syndrome, a femtosecond laser for cataract 
surgery, and a patterned laser scanning photocoagulator 
that surgeons use to treat multiple retinal disorders, in-
cluding diabetic retinopathy, without excessive damage to 
the delicate tissues around the treatment spots.
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SEEING A STAPLER 
Each implant con-
tains scores of pixels. 
The more pixels there 
are in the eye, the 
sharper the resulting 
vision will be. For the 
next generation of 
the device, research-
ers are aiming for 
more than 12,000 
pixels within just a 
small section of the 
visual field.



THE NEURONS IN THESE PATIENTS’   
                              RETINAS CAN BE     STIMULATED ARTIFICIALLY, WITH MICRO-ELECTRODES,
           BYPASSING THE DAMAGED    RODS AND CONES ALTOGETHER. 

The development of a visual prosthesis may be Palanker’s 
most challenging project yet. “It requires a combination of mul-
tiple skills,” he explains, sitting outside his laboratory on the 
Stanford Engineering Quad, a short walk from his collaborators 
at the School of Medicine. “You need a good understanding of 
optics, electronics, neuroscience and ophthalmic diseases.”

Currently there are about 20 research groups working on 
bionic vision systems around the world, including teams in 
Australia, China, Germany, Japan, Korea, the United King-
dom and the United States. Yet to date just one retinal pros-
thesis has been approved for the U.S. market — the ARGUS 
II, developed by scientists at USC and Second Sight Medical 
Products Inc. Used by about 200 patients worldwide, the sys-
tem consists of a miniature video camera mounted on a pair 
of goggles, a pocket-sized video processing unit, a transmit-
ting antenna mounted on the side of the goggles, a pea-sized 
receiving antenna with electronics case attached to the side 
of the patient’s eyeball, and a 60-electrode array, tacked to 
the front of the retina. People who use the system say they 
can see broad patterns of light, such as open doorways or 
stripes on the floor. 

A more recent system, the German-built Alpha-IMS from 
Retina Implant AG, has been used successfully by a handful of 
patients in Europe. Its implant — a tiny video camera with 1,500 
light-sensitive pixels, each having an amplifier and a stimulating 
electrode — is placed under the retina. The device, powered via 
a cable that exits the eye and passes under the skin to a receiver 
implanted behind the ear, enables users to see the ghostly shapes 
of nearby objects, such as apples and bananas on a table.

 PALANKER’S NEW PROSTHETIC DEVICE, CALLED 

PRIMA, IS BEING commercialized in partner-
ship with Pixium Vision of France. Like the 
ARGUS II, it features a tiny video camera 
mounted atop futuristic-looking augmented 
reality goggles, connected to a video processor 
about the size of a cell phone. Yet it doesn’t re-

quire the implantation of a bulky electronics case and antenna, 
or a cable coming out of the eye, like the German system. In-
stead it relies on multiple arrays of photodiodes, each about 
a millimeter in diameter and containing hundreds of pixels, 
which work like the solar panels on a rooftop. Surgeons can 

lay down these tiny chips, like tiles, replacing the missing light-
sensitive rods and cones in the central retina. 

When PRIMA’s camera captures an image of, say, a flower, 
the video processor transmits that picture to a microdisplay 
mounted inside the goggles. Powerful pulses of near-infra-
red light illuminate this display and are projected from the 
goggles into the eye, like the invisible rays of a TV remote 
control. The implanted photodiodes pick up these signals 
and convert them into tiny pulses of electrical current, which 
stimulate the bipolar cells directly above them. The signals 
propagate to the ganglion cells and then to the brain, which 
perceives them as patterns of light: a flower!

To test the system, Stanford researchers implanted PRI-
MA chips in laboratory rodents and exposed them to flash-
es of light, or to flickering patterns on a computer screen.  
By recording the resulting electrical activity in the animals’ 
visual cortices, the scientists measured their visual acuity. 
“It turned out that the prosthetic acuity exactly matched 
the 70-micron resolution of the implant, which is half the 
acuity of the rats’ natural vision,” Palanker says. “Since the 
stimulation thresholds were much lower than the safety 
limits, we decided to develop even smaller pixels to enable 
better vision. More recent behavioral tests, conducted by 
the French collaborators in primates, have confirmed our 
results with rodents. 

“Of course, until the implants are done in human pa-
tients,” he adds, “we won’t know for sure.” But when hu-
man clinical trials do start later this year in Europe, they 
hope to achieve resolution corresponding to 20/250 vision 
with 70-micron pixels. That still is worse than the standard 
for legal blindness, 20/200, but it may be enough for a user 
to read very large print, or to see the face of a newborn 
granddaughter. 

In the next generation of the device, Palanker says, “We 
should be able to put more than 12,000 pixels within 15 de-
grees of the visual field,” taking the system to 20/150 or even 
better. And while PRIMA can’t reproduce color vision yet 
— only various shades of gray — “We are working on single-
cell selectivity in retinal stimulation, which might enable col-
or perception,” he says. With more experience, surgeons also 
might be able to expand the visual field to about 20 degrees.
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eye
spy

“What are you going to do for my son?” the woman asked. 
It was 2007 and the researcher in the hot seat was physicist Alfredo Dubra, PhD, then a research associate at the University of 
Rochester in New York. Dubra was pioneering new ways to peer into the human eye to identify damage to the light-sensing 
cells that make up the retina. As part of his research, he’d just examined the woman, who was suffering from an inherited 
retinal disease. She had already lost most of her sight, and Dubra knew that a similar fate likely awaited her teen son. 

“In that one moment, that single question fundamentally changed the way I do research,” Dubra recalls. “That moment 
is imprinted upon my memory.”

In the years since, Dubra, now an associate professor of ophthalmology at Stanford, has become a leader in the field of adap-
tive optics — an imaging technique that uses Cold War-driven advances in astronomical telescopes to view a whole new galaxy 
of cells and anatomical structures in the human eye. Normally these cells, closeted at the back of the eye, are surprisingly hard 
to see in any fine detail. But adaptive optics transforms blurry, gray images reminiscent of static on a poorly tuned television 
into a clearly defined landscape in which an individual cell’s structure, location and even functional status can be determined. 

LOOKING INSIDE THE EYE 
WITH TECHNOLOGY ONCE TURNED TO THE SKY



ALFREDO DUBRA BUILDS ADAPTIVE OPTICS SCANNING LIGHT OPHTHALMOSCOPES FROM SCRATCH.



It’s likely to change lives by 
permitting researchers and 
clinicians to diagnose, moni-
tor and treat devastating, de-
generative retinal and neuro-
nal diseases earlier and more 
effectively. 

“The advances that Alf and 
his team have made in adap-
tive optics have changed the 
way we in the field look at 
photoreceptors in the retina,” 
says Michel Michaelides, MD, 
professor of ophthalmology at 
University College London 
and one of the leaders of the UCL gene therapy trial pipeline 
for inherited retinal diseases. “There really is no parallel for 
the quality of images we can now see.”

More than 10 million Americans are affected by as-yet-
incurable vision loss, and Dubra is quick to connect the dots 
between these people and his lab’s (and life’s) work. 

“I will never forget that woman and her son,” Dubra says. 
“All too often patients are just abstract concepts to physicists 
and engineers like me, and it’s easy to stay immersed in the 
technology and forget the end goal. That’s why it’s vitally 
important to have regular contact with people who are visu-
ally impaired, and who desperately need help. These people 
are going blind.” nOT LONG AGO, DUBRA, WHO WAS BORN AND 

RAISED IN URUGUAY, was one of those people. 
As an infant, he suffered from a severe case of 
strabismus, or crossed eyes. He needed several 

surgeries before age 3 to correct the misalignment and en-
sure that the visual cortex of his brain learned to properly 
interpret the signals around him. Untreated, strabismus can 
lead to blindness if the developing brain abandons attempts 
to decipher images from the affected eye or eyes.

“When I was about 7, I was leaving a visit to the eye doc-
tor to see how my eyes were developing, and I burst into 
tears,” says Dubra. “My father tried to find out what was 
wrong, and I finally told him, ‘This guy is never going to be 
able to fix me; he wears glasses!’

“My father said, ‘Well, you know, sometimes people 
decide to base their careers on things related to problems 
they themselves have experienced.’” Dubra’s grandfather, a 
cardiologist in Uruguay, had chosen his career in response 
to his own heart problems. Then and there, Dubra decided 
to devote his life to learning more about the eyes and how 
they work. But his early plan of attending medical school was 
thwarted when his middle school biology teacher brought a 
dead fish to class for dissection.  

“Immediately I knew, ‘No, I can’t go into medicine,’” Du-
bra recalled. So he chose a different but related path impor-
tant to vision: physics. 

 tHE FUNDAMENTALS OF VISION ARE 

THIS: Light enters the eye, which is 
roughly the size and shape of a ping-
pong ball, through a thin layer of tissue 
called the cornea. The cornea begins 
the process of focusing the light as it en-
ters through a hole in the iris called the 

pupil. Immediately behind the pupil, the light passes through 
a lens that serves to focus the light onto a layer of light-sens-
ing cells at the back of the eye — the retina. The optic nerve 
then transmits signals from cells in the retina to the brain to 
be decoded as visual images. 

The retina lines the inner three-quarters of the eye; 
laid flat it would be a little bigger than a quarter. It’s pep-
pered with cone cells (which discern the colors red, green 
and blue), rod cells (which allow us to see in dim light, but 
don’t perceive color) and retinal ganglion cells (which con-
nect the rod and cone cells to the brain via the optic nerve). 
Humans have about 120 million tiny rod cells and about 6 
million larger cone cells.

Diseases that affect vision can occur in the cornea, 
lens, retina, optic nerve or even the brain. But although 
the cornea and lens can be replaced with donated or syn-
thetic tissues, the retina and the optic nerve are much 
more precious. 

“The retina is a direct outgrowth of the brain,” says Du-
bra. “Almost all the cells in the retina are neurons. And, like 
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STEEL POSTS AND BEAMS SECURE THE ADAPTIVE OPTICS SETUP’S MIRRORS AND LENSES. 
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and even the veil of protective 
tears that cover the eye’s sur-
face. Each of these obstacles 
can jumble the waves of re-
flected light and make fine 
details difficult to discern. It’s 
a bit like trying to identify the 
individual pixels on this page 
by looking through a wavy 
piece of glass, or while under-
water without goggles.

What’s more, each patient 
is unique, from right eye to left 
eye and even from moment to 

moment as the eye is repeatedly wetted with each blink. 
These complications could be avoided if the retina could 

be removed from the eye and examined directly in the ab-
sence of tears, cornea, lens, etc. But that’s obviously not the 
preferred approach for a patient who ever wants to see again. 

In short, looking at the retina at any level of fine detail is 
challenging. Unless, that is, you’re familiar with outer space 
and international intrigue. 

 Adaptive optics arose as a result of the Cold War, when 
U.S. military specialists were eager to track Russian spy sat-
ellites orbiting high above the Earth. But atmospheric dis-
tortion of the light reflected from the satellites limited what 
telescopes on the ground could see. This distortion is the 
same reason stars appear to twinkle.

“Light waves from those stars travel many light years to 
reach Earth, and then at the last small fraction of a second 
they enter our atmosphere,” says Dubra. “Pockets of hot and 
cold air act as lenses that bend these rays of that light and 
make the images of the stars appear blurry or flickering.”

The effect is similar to the visual distortions we’ve all no-
ticed when looking down a long, empty stretch of highway 
on a hot day, or gazing at someone across a bonfire. The air 
itself appears wavy and details are difficult to pick out. 

“Now imagine if you had a magical device that 
could intercept these distorted light waves and correct 
them,” says Dubra enthusiastically. American astron-
omer Horace Babcock, PhD, came up with just such 
an approach in 1953 when he suggested bouncing the 
distorted waves off a deformable mirror. Linking the 
mirror to a device that could sense the distortion would 
then allow the mirror to repeatedly and quickly adjust 
as necessary to realign the light waves and re-create a 
sharp, visible image. 
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neurons in the brain and spinal cord, when they die, they 
don’t get replaced. That cell loss is permanent.”

Unfortunately, it’s also insidious. The first stages of many 
retinal diseases are gradual and unnoticeable; most people 
don’t discover any vision changes until a critical mass of 
cells are lost. And although some gene therapy approaches 
have shown promise in replacing faulty or missing copies of 
proteins that keep the retina healthy, the technique falls flat 
when the cells themselves are missing. 

“You can’t cure cells that aren’t there,” says Dubra. “That’s 
why diagnosing these diseases as early as possible is the goal 
of every ophthalmologist. But by the time a person notices 
vision impairment, thousands of cells are likely to have died.

“Although many of these diseases are currently incur-
able,” he adds, “in some cases there are drugs that can slow 
their progress. If we could diagnose them early, and treat 
them throughout a person’s life, vision loss that significantly 
affects a person’s quality of life could be prevented. Ideally 
we would also be able to monitor whether a chosen therapy 
is working, or if a different therapy or drug should be tried.”

  sO HOW CAN WE MONITOR individual 
rod and cone cells in the retina? It might 
not seem like a big deal. After all, we rou-
tinely image cells outside the body using 
high-powered light or even electron mi-
croscopy. But Dubra and his colleagues 
need to visualize the living cells of retina. 

This presents particular optical challenges. 
All of us see objects by collecting, focusing and inter-

preting the patterns of light that bounce off of them and 
reach our eye. Our brains learn how to compensate for 
the vagaries of our individual eye structure to determine 
whether one wavy pattern of light reaching our retinas 
is our family dog waiting lovingly by the back door, or a 
dangerous mountain lion lurking in the bushes along our 
evening running route. Sometimes this interpretation is 
improved with the help of eyeglasses or contact lenses to 
correct for common deformities. 

When it comes to looking at the retina itself, however, 
the tables are turned. Now the clinician is trying to interpret 
light waves bouncing off the patient’s retina as they retrace 
their steps out of the eye, passing through the lens and cornea 
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The idea worked, and military researchers spent decades 
optimizing this “adaptive optics” technology as a way to bet-
ter track Russian spy satellites far above the Earth. 

When the Cold War ended in 1991 with the fall of the 
Soviet Union, the military declassified their work on adap-
tive optics, and medical researchers quickly realized the 
technique’s promise for peering into the inner space of 
the human eye. And by 1997, researchers at the Univer-
sity of Rochester’s Center for Visual Science — including 
Junzhong Liang, PhD; David Williams, PhD; and Donald 
Miller, PhD — published the first paper showing that adap-
tive optics could allow them to see individual cone cells with 
“unprecedented resolution.” 

At about the same time, Dubra, who was finishing up his 
undergraduate studies in physics in Uruguay, was coming 
to a bleak realization of his own. “At some point, I came to 
understand that we were never going to study the eye here. 
There were just no researchers in this country specializing in 
the physics of vision. So I had to leave.” 

After finishing his master’s degree in 2000, Dubra headed 
to the United Kingdom to complete a doctorate and post-
doctoral studies at the Blackett Laboratory in Imperial Col-
lege London, where he designed and built a machine to study 
the topography of the film of tears that cover the surface of 
the eye with each blink.

In 2006 he packed his bags to join Williams’ laboratory in 
Rochester. “David’s team pioneered adaptive optics for retinal im-
aging,” says Dubra. “So there 
was a unique opportunity 
to learn about vision science 
while also further advancing 
the imaging technology.” 

In 2011, Dubra, who 
was then an assistant pro-
fessor of ophthalmology at 
Rochester, hit upon a way 
to change the three-dimen-
sional orientation of the se-
ries of imaging mirrors in 
such a way that it became 
possible to visualize not just 
cone cells, but also the much smaller, and more numerous, 
rod cells. This was a major technical achievement. 

“We and others had thought that these cells were far too 
small for us to see in the living eye,” says Dubra. “But many 
diseases start in these rod cells and then propagate to other 
cell types. So imaging them is very important.” 

 iF THE HUMAN EYE IS ABOUT THE SIZE OF A PING-

PONG BALL, THE MACHINES that Dubra and his col-
leagues build are roughly the size and shape of a thick 
ping-pong table. The patient sits at the end of one of 

the longer sides and aligns their eye with the machine 
by resting their chin on a support and peering into a box 
built onto the top of the table that looks somewhat like 
an old-style film camera with a photographer’s hood. The 
retina is illuminated with light that enters the pupil of 
the eye; a series of mirrors and detectors housed under 
the protective cover correct, focus and capture the light 
waves leaving the patient’s retina. 

“Essentially this optical table is a cross between a tele-
scope, a microscope and a camera,” says Dubra. Though 
the construction doesn’t appear especially noteworthy, 
the images it produces of the surface of the retina are 
nothing short of astounding. Whereas in the past re-
searchers struggled to pick out landmarks in what would 
look like a uniformly gray circle crisscrossed with blurry, 
hardly visible blood vessels, it’s now possible to clearly 
see individual red blood cells slowly pulsing their way, 
doubled over, through the tiniest retinal capillaries. Indi-
vidual cone and rod cells seem to leap out at the viewer, 
and Dubra and his colleagues have even made progress 
toward identifying whether those cells are functional by, 
ironically, watching them twinkle like stars in response to 
flashes of colored light.

“Suddenly, it seems feasible to test a subset of cells in the 
retina, and maybe identify, for example, a handful of cells 
that are present but not functional,” says Dubra. “Medically 
this is potentially very important. Gene therapy approaches, 
for example, rely on the presence of nonfunctional cells that 
could receive a corrected version of a faulty gene.

“There are two major leaps we have wanted to make in 
our research,” he adds. “We want to go from looking at 
structures in the retina on a relatively macroscopic scale 
to a microscopic scale — visualizing individual rods and 
cones, capillaries and blood cells in real time in a living 
eye. We’re well on our way now, but there is still a fair 
amount of work to do. Secondly, and arguably more im-
portantly, we’d like to find ways to monitor the function 
of these cells at a microscopic level. Maybe we can find 
a few thousand, or even a few hundred, cells that are not 
healthy. That may allow us to begin therapy before the 
patient experiences the ‘point of no return,’ or perma-
nent, irreversible vision loss.”
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A RETINA SEEN WITH  

ADAPTIVE OPTICS. THE BUBBLES 

INDICATE PHOTORECEPTORS.
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B Y  J O Y C E  M AY N A R D
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IN THE 

FOG 

OF LOSS
THE FIRST SYMPTOMS ANNOUNCED THEMSELVES WITH STUNNING SWIFTNESS: 

BACK PAIN, GUT PAIN, A DRAMATIC DARKENING IN THE COLOR OF MY HUSBAND’S 

URINE.  J IM WAS 62 YEARS OLD, A LIFELONG RUNNER, IN GREAT SHAPE. Handsome, 

funny, smart, and crazy about me, as I was about him. Just the week before, he’d brought 

our bicycles to the shop to be tuned up in preparation for a 100-mile ride. Now he lay 

flat on the couch, his silence more alarming to me than groaning might have been.
 Just 15 months had passed since our wedding — a second marriage for us both, on a New 

Hampshire hillside near where I came from, with 100 friends and the six grown children from 
our long-ago first marriages gathered around, as the two of us held hands and spoke of the 
great adventure that lay before us. Whatever the actuarial tables might have told us about our 
prospects, we envisioned many good years ahead. How lucky, everyone said, that we had found 
each other when we did. He called me his Brigitte Bardot. I called him my guard dog. 

The following spring we bought a house in the Bay Area and staked out a spot for planting 
olive trees. First harvest five years down the road, but we were patient. 

Then this. “Do I look a little yellow to you?” He did.
The pain arrived like a thief in the night, and by the following day it was bad enough that 

we went to the hospital for scans. As we sat in the doctor’s office waiting, a feeling of dread 

A REFLECTION ON LOVE, LIFE AND DEATH





came over me. When the doctor entered the room, I knew 
it was bad. 

“We can’t confirm this until we perform the endoscopy,” 
he told Jim, “but it’s pretty clear what’s going on here. There’s 
a tumor in your pancreas.”

  
I LOOKED AT JIM’S HANDS, HIS SHOULDERS — 

STIFFENING, HIS BEAUTIFUL THICK HAIR (THE ENVY 

OF OUR BALDING FRIENDS), HIS DEAR, LINED FACE. HE 

STILL LOOKED LIKE HIMSELF, BUT EVERYTHING WAS 

DIFFERENT NOW, LIFE AS WE’D KNOWN IT GONE 

IN THE SPACE IT TOOK FOR A MAN WE’D NEVER MET 

TO DELIVER THAT ONE SENTENCE. 

Now this man was putting his hand on Jim’s shoulder.
“I’m so sorry,” he said. “My father died of this.” Emphasis 

on the word “father” with the implication clear: and you will too.
There was more, though I could take in only part of it, 

words coming in and out like bad radio reception. The tumor 
appeared to be 2.5 centimeters in diameter. The good news, 
if you could call anything good now, was that the cancer ap-
peared to be what is known as “locally advanced,” meaning 
that it had not spread to other organs. Not yet. The term 
for this tumor was “borderline resectable,” the prospects for 
surgically removing it slim. Without surgery, Jim was likely 
to die within a matter of months. A year at most, probably. 

I looked again at my husband. My husband — a word I had 

not uttered for 24 years, until I spoke my vows to Jim. For 
24 years I’d lived as a solo operator, but not anymore. The 
diagnosis was not only Jim’s but also mine.

His face conveyed little. I touched his shoulder, drew in 
my breath. 

“And what happens if Jim gets this surgery?” I asked. Be-
cause he had to. There was no other acceptable option.

The doctor laid it out for us. The surgery a person needed 
in a situation like Jim’s — the only route to surviving cancer of 
the pancreas — was known as the Whipple procedure. One 
of the most involved of all surgeries, it called for the removal 
of part of the pancreas, the gallbladder, the duodenum, as 
well as every lymph node the surgeon could get his scalpel 
on, and a complete rerouting of the digestive system. This 
was an enormously painful, life-altering procedure. Only a 

small percentage of those diagnosed with pancreatic cancer 
would qualify to undergo the Whipple. And even for those 
able to undergo the surgery, 80 percent would experience a 
recurrence, often within the first couple of years. 

In the space of a moment, I had a strange new definition 
for what constituted good luck. Good luck meant that we got 
to hold onto some small shred of hope, and hope required 
the Whipple procedure.

I DON’T REMEMBER HOW WE GOT 

DOWN THE HALL TO THE ELEVATOR, AND FROM 

THERE TO THE PARKING GARAGE, THOUGH I 

KNOW JIM DROVE US HOME. 
Next morning, I began my research into our alternatives. A 
physician friend sent me links to papers not generally available 
to the layperson on new research into pancreatic cancer — 
immunotherapy, gene therapy, proton therapy. Bent over our 
kitchen table late into the night, or before dawn, I struggled 
to make sense of them. I spent my days on the phone with 
three yellow legal pads in front of me and a separate receiver 
on each ear, so I could speak with one medical facility while 
on hold at another — getting up at 5 a.m. to start placing calls 
to the East Coast, gathering information about treatment 
protocols offered in Boston, New York, Baltimore, Philadel-
phia. As the sun made its way across the country, I shifted my 
focus to facilities in the South, the Midwest and then Texas. 

By the time 9 a.m. rolled around, when they started answer-
ing phones at offices in L.A. and San Francisco, Palo Alto and 
Seattle, I had already filled pages in my legal pads.

I’d been a journalist in my younger years, but nothing in 
my life — or anyone’s who isn’t a medical professional — pre-
pares a person to make the life decisions we faced then, with 
the knowledge that you get only one shot at this. Choose a 
poor option, and the person you love will die. Choose a bet-
ter option, and more than likely that’s still the story. But I 
never allowed myself to see that. A lifelong optimist (whereas 
Jim, an attorney, had trained himself to anticipate worst-case 
scenarios), I was the voice of hope, and maybe because Jim 
had so much love and respect for my opinions on things, he 
adopted my belief that this cancer was survivable, and that he 
would survive it. 
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I became an unrecognizable person. 
Or maybe just the same person in unrec-
ognizable circumstances, which some-
times gave me the appearance of a crazy 
person. I’d be partway into a conversa-
tion and suddenly realize I was talking 
at double speed. When it got too late 
to make any more phone calls, I stayed 
hunched over my laptop planning the 
next day’s assault on the tumor. Even 
with the lights out, lying in bed — my 
right hand on Jim’s belly, in the place 
where the tumor was situated, sending 
out vibrations to Go Away — I couldn’t 
stop thinking about it. 

Living in the Bay Area, we have two 
world-class medical facilities close by, but 
I was fixated on scouring the globe for a 
place to go that might save Jim. I know 
now what propelled me on my quest. It 
was a kind of magical thinking, that if we 
worked harder than everyone else — traveled farther, up-
ended our lives more drastically, subjected ourselves to more 
hardship, even — we might tip the odds in Jim’s favor. 

Early on in our battle, we made a pilgrimage to Los Ange-
les — a seven-hour drive, Jim on heavy painkillers — to con-

sult an oncologist known for his highly unconventional use 
of an off-label form of chemotherapy: $6,000 per infusion, 
not covered by insurance, the use of which, he claimed, of-
fered greater chances for shrinking a tumor in the pancreas.  
When our visit was over, and we took out our checkbook, I 
asked what we owed him for our consultation.  

“Pay me what you think this visit was worth,” he said. 
Though money was tight, I wrote a check for $1,000. That’s 
how hard I wanted to believe. 

In the end, we settled on a medical team in Boston, 3,000 
miles away from home, to oversee Jim’s treatment. This in-
cluded chemotherapy infusions locally and monthly check-
ups on the other side of the continent — augmented by 
daily doses of reishi mushroom capsules, massive quantities 
of pomegranate seeds, twice-daily shakes with so many in-

gredients they took up our entire kitchen 
counter, and Touch for Health treat-
ments that would have caused the old Jim 
(a total believer in pure science) to roll 
his eyes. I told him he should stop read-
ing about the election (too stressful) and 
play more guitar. I didn’t really believe 
those things would cure the cancer, but I 
wanted my husband to have every single 
good thing going for him. 

After eight months of treatment, we 
got the news: The tumor had shrunk 
by 50 percent. Our Boston surgeon was 
ready to operate. 

The day before the surgery, we took in 
a game at Fenway Park. Jim was looking 
better than he had in months — no doubt 
thanks to a six-week break from chemo-
therapy and radiation. His hair was back; 
the neuropathy that had prevented him 
from playing his bass had disappeared; 

and his appetite was good enough — or maybe it was just his 
hunger for life — that we finished off a plate of two dozen 
oysters after the game, and when those were gone, ordered 
another dozen. 

“It’s an odd thing,” Jim said on our way home from the 
ballpark. “Tomorrow I’m electing to have a surgery that will 
gut me like a fish. Right now all I want is to go off and live my 
life instead of checking into this hospital. 

“But this is the last train out of the station,” he said. “I’m 
going to be on it.”

THAT WAS JIM’S LAST DAY WITHOUT PAIN. OUR SUR-

GEON GOT THE TUMOR OUT — A SUCCESS, IN HIS BOOK 

— BUT JIM WAS HOSPITALIZED MORE THAN A DOZEN 

TIMES OVER THE FOLLOWING YEAR WITH A LONG LIST 

of complications that included portal vein hypertension and 
two bouts of Clostridium difficile infection. 

The latter were treated (outside our hospital’s protocol) 
with fecal transplant, the first of which (when we were told 
the next available appointment with a qualified gastroenter-
ologist was weeks away) was administered at home by me, 
following the instructions of a YouTube video. Both times, 
the fecal transplants knocked out the C-diff within hours. 
But by the time the C-diff was effectively eradicated, Jim’s 
adjuvant chemotherapy had been interrupted for too long. 
No more chemotherapy, they told us. We knew enough by 
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Geuris “Jerry” Rivas, a native of New York, was diagnosed with severe obsessive-

compulsive disorder when he was 15. Obsessions with organizing and reorga-

nizing the belongings in his bedroom — posters, comic books, videos — took 

over most of his life.  •  Forced by germ obsessions to compulsively wash and rewash 

his hands, he started wearing gloves all day to both protect him from the germs and stop 

him from washing his hands raw. Now, at 36, OCD symptoms continue to cost him jobs 

and relationships. He’s managed to turn his organizational skills into a profession — 

he’s a home organizer and house cleaner — but still he struggles daily with his obsessions.
“It’s caused me a great deal of suffering,” Rivas says. “I’ve tried many, many medications. I’ve wasted so much of my life.”
In 2012, running out of answers, Rivas took part in the first clinical trial to test ketamine as a treatment for OCD. While 

ketamine is approved by the U.S. Food and Drug Administration as an anesthetic, it is also an illicit party drug known as 
“Special K,” with hallucinogenic effects and the potential for abuse. Over the past 10 years, dozens of small studies of ket-
amine’s ability to treat a variety of mood and anxiety disorders have reported remarkable results — including the sudden    
alleviation of treatment-resistant depression, bipolar disorder and post-traumatic stress disorder. And these effects lasted 
days, sometimes weeks, after the hallucinogenic effects of the drug wore off.

With a single infusion of the drug, Rivas experienced for two weeks what it was like to live without the compulsions and 
obsessions that had for years controlled his life.

“I felt like, for the first time, I was able to function like a regular person,” he says. 

K  F O R  O C D

B Y  T R A C I E  W H I T E
I L L U S T R A T I O N  B Y  K O T R Y N A  Z U K A U S K A I T E 

T H E  P R O S  A N D  C O N S 

O F 

K E T A M I N E



PROS AND CONS

Ketamine has brought hope to a psychiatric field desperate 
to find new treatments for severe OCD, a chronic condition 
marked by debilitating obsessions and repetitive behaviors. 
Current treatments, which include antidepressants such as 
Prozac, can take months to have any effect on the disease, if 
they work at all. 

“Severe OCD takes such a toll on patients,” says Caro-
lyn Rodriguez, MD, PhD, who as a researcher at Columbia 
University ran the OCD trial. Now an assistant professor 
of psychiatry and behavioral sciences at Stanford, she has 
continued to explore the pros and cons of using ketamine 
to treat OCD. “The constant, intrusive thoughts that some-
thing is contaminated, the checking and rechecking, the 
repetitive behaviors. It interferes with your life, your jobs, 
your relationships.”

Ketamine was developed in the 1960s and has been used 
for decades as an anesthetic during surgery. It remains a mys-
tery just how the drug works in the brain, and there are safety 
concerns. There is evidence from people who take the drug 
routinely — in much higher doses — that chronic, high-  
frequency ketamine use may be associated with increased risk 
of bladder inflammation and cognitive impairment, Rodri-
guez says. And if taken regularly, it can lead to dependence.

But researchers like Rodriguez are intrigued about the 
drug’s potential to help 
them identify a whole new 
line of medicines for fast-
acting treatment of mental 
health disorders. 

“What most excites me 
about ketamine is that it 
works in a different way than 
traditional antidepressants,” 
Rodriguez says. “Using ket-
amine, we hope to under-
stand the neurobiology that 
could lead to safe, fast-acting 
treatments. I feel that is part 
of my mission as a physician 
and researcher.”

‘RIGHT OUT OF A MOVIE’

Rodriguez’s interest in ket-
amine as a treatment for 
OCD was sparked about a 
decade ago when she was 
starting out as a research sci-
entist at Columbia. A small, 

placebo-controlled study published in 2006 by a mentor of 
hers, Carlos Zarate, MD, now chief of the section on neu-
robiology and treatment of mood disorders at the National 
Institute of Mental Health, had shown that ketamine induced 
dramatic improvement in treatment-resistant depression 
within two hours of infusion. It was a landmark study, drawing 
attention among the psychiatric community and launching a 
new field of research into the use of ketamine to treat various 
mood and anxiety disorders.

Rodriguez, intent on searching for better, faster treat-
ments for her patients like Rivas with OCD, took note. There 
was an emerging theory that ketamine affects the levels of 
the neurotransmitter glutamate in the brain and increasing 
evidence that glutamate plays a role in OCD symptoms, she 
says. Perhaps ketamine could help regulate OCD symptoms 
as well as depression.

In 2013, Rodriguez and colleagues published their 
results from that first clinical trial of ketamine in OCD 
patients. The trial randomized 15 patients with OCD to 
ketamine or placebo. 

In those patients who were given ketamine, the effect 
was immediate. Patients reported dramatic decreases in 
their obsessive-compulsive symptoms midway through the 
40-minute infusion, according to the study. The dimin-
ished symptoms lasted throughout the following week in 

half of the patients. Most 
striking were comments by 
the patients quoted in the 
study: “I tried to have OCD 
thoughts, but I couldn’t,” 
said one. Another said, “I 
feel as if the weight of OCD 
has been lifted.” A third said, 
“I don’t have any intrusive 
thoughts. ... This is amazing, 
unbelievable. This is right 
out of a movie.” And while 
nearly all initially had disso-
ciative effects like feelings of 
unreality, distortions of time 
or hallucinations, they were 
gone within two hours after 
the start of the infusion.

“Carolyn’s study was quite 
exciting,” Zarate says, add-
ing that there were a number 
of similar, small but rigorous 
studies following his 2006 
study that found fast-acting 
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results using ketamine to treat bipolar dis-
order and post-traumatic stress disorder.

“We had no reason to believe that 
ketamine could wipe out any symp-
toms of these disorders within hours or 
days,” he says.

SO HOW DOES IT WORK?

Virtually all of the antidepressants used in 
the past 60 years work the same way: by 
raising levels of serotonin or one or two 
other neurotransmitters. Ketamine, how-
ever, doesn’t affect serotonin levels. Ex-
actly what it does remains unclear.

Since coming to Stanford in 2015, Ro-
driguez has been funded by the National 
Institute of Mental Health for a large clin-
ical trial of ketamine’s effects on OCD. 
This five-year trial aims to follow 90 
OCD patients for as long as six months af-
ter they’ve been given a dose of ketamine 
or an alternative drug. Rodriguez and her 
research team want to observe how ket-
amine changes participants’ brains, as well 
as test for side effects.

Ultimately, Rodriguez says, she hopes 
the study will lead to the discovery of 
other fast-acting drugs that work in the 
brain like ketamine but without its addic-
tive potential.

Recent research in the field indicates that 
the glutamate hypothesis that triggered her 
pilot study might be further refined.

“Ketamine is a complicated drug that 
works on many different receptor sites,” 
she says. “Researchers have fixated on the 
NMDA receptor, one of the glutamate-
type receptors, but it might not be the 
only receptor bringing benefit.”

In May 2016, researchers from NIMH 
and the University of Maryland — Zarate 
among them — published a study con-
ducted in mice showing that a chemical by-
product, or metabolite, created as the body 
breaks down ketamine might hold the 
secret to its rapid antidepressant actions. 
This metabolite, hydroxynorketamine, 
reversed depressionlike symptoms in mice 
without triggering any of the anesthetic, 
dissociative or addictive side effects associ-
ated with ketamine, Zarate says.

“Ideally, we’d like to test hydroxynor-
ketamine and possibly other drugs that act 

on glutamate pathways without ketamine-
like side effects as possible alternatives to 
ketamine in OCD,” Rodriguez says.

BEYOND THE CLUBS

Meanwhile, dozens of commercial ket-
amine clinics have popped up across the 
country, making treatments available to 
patients who are searching for help to 
stop their suffering now. Medical insur-
ance companies usually cover ketamine’s 
FDA-approved use as an anesthetic but 
won’t cover its use for other purposes, 
such as mental health disorders. So pa-
tients who have run out of treatment 
options are paying hundreds of dollars a 
dose for repeated ketamine infusions.

“The fact that these clinics exist is due to 
the desperation of patients,” says Rodriguez. 

She and other researchers are calling for 
guidelines to protect patients and more re-
search to learn how to use the drug safely. 

“I think it’s a game changer, and it’s 
here to stay,” says David Feifel, MD, 
PhD, professor emeritus of psychiatry at 
UC-San Diego, who studies the effect of 
ketamine on clinical depression. Feifel be-
gan prescribing the drug for patients with 
treatment-resistant depression in 2010.

“I’ve found it to be very safe,” Feifel 
says, adding that the American Psychi-
atric Association this year issued safety 
guidelines on how to use ketamine clini-
cally for treatment of depression.

“There’s a recognition that people 
like me and others are using the drug to 
treat patients now,” he says. “There’s an 
incredible need for something.”

The drug hasn’t worked for everyone 
he’s treated, Feifel says, but for many it’s 
been “life-changing.”

Rodriguez says she understands what 
motivates the clinicians to prescribe the 
drug now to patients in dire straits — those 
who are suicidal or who have tried every 
possible medication and therapeutic option 
and continue to suffer each day.

“I see it as a way to treat people whose 
OCD is very, very severe,” she says. “Peo-
ple who can’t come out of the house, who 
are suicidal, who have no other options.

“I just don’t like the idea of people being 
in pain,” Rodriguez adds. “I want to see sci-

ence translated into treatments now.”
Meanwhile, researchers are learning 

more about the drug. Janssen Pharma-
ceutical is testing the efficacy of a ver-
sion of ketamine, known as esketamine, 
as a therapy for treatment-resistant  
depression and for major depressive dis-
order with imminent risk for suicide. The 
FDA has fast-tracked both investigations. 
At Stanford, Alan Schatzberg, MD, a pro-
fessor of psychiatry and behavioral sci-
ences, along with other faculty including 
Rodriguez, is studying the mechanism of 
action for ketamine in treating depression.

Rodriguez is also interested in using 
ketamine to kick-start a type of cognitive 
behavioral therapy called exposure and 
response prevention, an evidence-based 
psychological treatment designed to help 
patients overcome OCD. The therapy in-
volves teaching patients with OCD to face 
anxieties by refraining from ritualizing be-
haviors, then progressing to more challeng-
ing anxieties as they experience success.

Relaxation and other techniques also 
help patients tolerate their anxiety — for 
example, postponing the compulsion to 
wash their hands for at least 30 minutes, 
then extending that time period.

“My goal isn’t to have people taking 
ketamine for long periods of time,” Rodri-
guez says. But perhaps a short-term course 
of ketamine could provide its own kind of 
exposure and response prevention by allow-
ing patients to experience that it is possible 
not to be controlled by their OCD, she says.

Rivas well remembers that infusion of 
ketamine he received during Rodriguez’s 
first clinical trial to test the drug. The rush 
made him feel “like Superman.” 

“I felt like my body was bigger, that I 
was more muscular, that I could tackle any-
thing,” he says. But that feeling only lasted 
the duration of the 40-minute infusion. His 
OCD symptoms disappeared immediately 
and were still gone for two weeks after.

“I was amazed that something like that 
would work and work so fast,” he says. His 
OCD symptoms today are still intrusive, 
but he manages to keep them under con-
trol by taking antidepressants and seeing 
a therapist. Still, each day when he comes 
home from work, he has to put gloves on 
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before he enters his apartment building, 
and as soon as he enters his apartment, he 
must wash his hands. 

“It’s a ritual now,” he says. “There has 
never been a time that I haven’t done 
that, except those two weeks after the 
ketamine.”

When he heard that certain private 
ketamine clinics are now offering the 
drug as treatment for OCD, he said he 
understands why patients take the risks 
and pay the high prices. As more research 
has become available, he’s begun consid-
ering it himself.

“I’ve been suffering through my OCD 
for so long, I’ve gotten to the point where 
I’d try anything,” he says. SM

 — Contact Tracie White at 
traciew@stanford.edu
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You soon become aware that there’s a 
gross, hairy tarantula on the wall behind 
you. At least they give you a bat to smash 
it with. I chose to do so. But it was rigged. I 
discovered the bat couldn’t kill or even dent 
the damned spider. It just caused the spider 
to leap off the wall and fly into my face or 
onto my clothes. You could say I was mov-
ing around a lot during this episode.

Afterward, Yilmaz Balban told me 
that I was most pumped, autonomically 
speaking, while I was locked in gladiato-
rial combat with the spider. 

“I wasn’t scared, though,” I blurted 
out, not without pride and, perhaps, a 
hint of emotional amnesia.

“You were aroused.”
I guess that’s how it feels to have your 

vMT stimulated.
After spending over an hour under 

the spell of a pair of VR goggles, rip-
ping them off is somewhat of a shock — 
a rapid splashdown into what shrugging 
techies, videogame addicts and others for 
whom ordinary reality has been demoted 
call “the default world.”

To ease my re-entry, Huberman 
walked me down the hall into his office, 
offered me a seat in a body-contoured 
plastic chair and slapped some head-

phones on me. For the next 15 minutes, 
I was guided through a recorded, custom-
ized audio de-stressing session consisting 
largely of controlled-breathing and re-
laxation exercises. It worked so well that 
for the last several minutes I didn’t know 
where I was, or care.

It was a preview of what is to come. 
Huberman wants to put science to work 
developing tools for systematically re-
ducing pathologic fear and anxiety. After 
their exposure to the battery of threats, 
participants will receive training in vari-
ous methods for doing that.

“Our goal isn’t just to learn about fear, 
but to test ways of engaging in more-
adaptive coping — to help people make 
more logical decisions in the face of fear,” 
Huberman says. “There are a lot of prac-
tices already out there that claim to re-
duce anxiety. We know they have some 
utility.” But rigorous testing of these 
methods isn’t easy, he says, due to the lack 
of standardization and difficulty in mea-
suring their component inputs or their 
outcomes with any exactitude. 

One of several potential fear-countering 
techniques the researchers will test is con-
trolled breathing. Choppy, rapid breath-
ing stimulates arousal, whereas deep, slow 
breathing patterns with emphasized exha-
lation purportedly induce calm.

“We’re not talking about meditation,” 
Huberman says. “This is about how you 
can control your state by action, not in-
action — how to cope when you have to 
make a split-second decision or when you 
are stressed and know it but can’t seem 
to snap out of it. We want to come up 
with protocols that prescribe exact, test-
able, steps: for instance, inhale for two 
seconds, hold for two seconds, exhale 
for four seconds, and don’t worry about 
keeping a mantra in mind — how would 
we measure that, anyway? Behaviors like 
breathing, I can measure carefully.”

Huberman sees a tremendous poten-
tial for testable fear-reduction techniques. 
“We’re talking about testing and develop-
ing practices that are teachable, portable 
and free,” he says. 

But, he adds, “We’re not trying to 
‘cure’ fear. We want to develop coping 

tools for reducing irrational fear.
 “Fear can keep you alive. Most people 

should stay away from sharks.” SM

 — Contact Bruce Goldman at 
goldmanb@stanford.edu. 
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Bionic
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THE NEXT GENERATION

Scientists’ ultimate dream is to build a vi-
sual prosthesis so small and powerful that 
it can stimulate specific neurons inside 
the retina, rather than sundry patches of 
them. That’s the goal of E.J. Chichilnisky, 
PhD, a Stanford professor of neurosur-
gery and of ophthalmology. 

“Think of the retina as an orchestra,” 
Chichilnisky explains. “When you try to 
make music, you need the violins to play 
one score, the oboes to play a different 
score and so on.” Likewise, the retina’s 1 
million or so ganglion cells are composed 
of about 20 distinct types. Each plays a 
slightly different role in transmitting the 
perception of shape, color, depth, motion 
and other visual features to the brain. 

Chichilnisky joined the Stanford faculty 
in 2013, after 15 years at the Salk Institute 
for Biological Studies. Since his days as a 
Stanford doctoral student in the mid-1990s, 
he has worked with a variety of physicists 
and engineers, notably Alan Litke, PhD, 
of the UC-Santa Cruz Institute for Particle 
Physics, to develop small but powerful elec-
trode arrays capable of measuring neural 
activity at the cellular level. 

To better understand the patterns of 
electrical activity in the retina, Chichilni-
sky and his colleagues use eye tissue taken 
from primates that have been euthanized 
for other medical studies. By placing 
small pieces of retinal tissue atop the mi-
crochip arrays, then exposing those sam-
ples to various patterns of light, they’ve 
been able to record and study the distinc-
tive electrical responses of five different 
types of retinal ganglion cells, which to-
gether account for 75 percent of the vi-
sual signal sent to the brain. They’ve also 
developed techniques to replicate those 
electrical patterns, artificially stimulat-
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ing the ganglion cells with high precision, 
comparable to the natural signals elicited 
by the rods and cones. 

By learning how to replicate these 
complex signals, Chichilnisky and his 
team are one step closer to their ultimate 
goal: a high-acuity visual prosthesis that 
behaves like an orchestra conductor, sig-
naling the retina’s myriad neurons to fire 
in precisely the right ways, at precisely 
the right times. “I’m not saying we’ve got 
it nailed,” he says, “but we certainly now 
have proof of concept for how to make a 
better device in the future.”

Chichilnisky says the next challenge 
will be to fit his lab’s formidable comput-
ing power onto an implantable electrode 
array that can do its job safely inside the 
eye, without overheating surrounding 
tissues, and autonomously, “without any 
graduate students or postdocs running it,” 
he says, laughing. If all goes well, a pro-
totype of the implant could be ready for 
testing in lab animals in four to five years.

With offices near each other at the 
Hansen Experimental Physics Laboratory, 
Chichilnisky and Palanker frequently get 
together to discuss their research informal-
ly and debate the best ways to proceed to-
ward replicating the natural function of the 
retina. Both men have the sense that they 
are pushing scientific boundaries — and 
that their work someday may help more 
than blind people. Electro-neural inter-
faces already are being used to assist in the 
control of several vital organs, including the 
heart, bladder and limbs. Before long, they 
even may be hooked up to different parts 
of the brain, helping people with memory 
loss, for example or, incredible as it sounds, 
even enabling telepathic communication.

As Palanker says, “We live in an era 
when we are starting to overcome the lim-
itations imposed on us by our biological 
nature . . . This is how evolution goes.” SM 

— Contact Theresa Johnston at 
medmag@stanford.edu
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Eye spy
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Dubra has not forgotten his ultimate goal 
to help those suffering from vision loss. In 

June, he and his lab members moved into 
the just-completed Mary M. and Sash 
A. Spencer Center for Vision Research, 
next-door to Stanford’s Byers Eye Insti-
tute building.

“In the new Spencer Center, we will 
develop and test the new generation of 
adaptive optics instruments in labs im-
mediately adjacent to the rooms where 
they will be used to examine and diagnose 
patients,” says Dubra. Currently instru-
ments built by the Dubra lab are also be-
ing used, among other places, in the New 
York Eye and Ear Infirmary of Mount Si-
nai to study vascular diseases of the retina 
and at the University College London, 
the Medical College of Wisconsin and 
the University of Pennsylvania to identify 
good candidates for the world’s first gene 
therapy trials aimed at rescuing damaged 
cone cells in the retina.

 “Now we can tell how many cone cells 
a patient has before they enroll in the tri-
als,” says Dubra. “We can also follow pa-
tients over time to identify much more 
quickly those who might be benefiting 
from the treatment even before they expe-
rience functional changes in their vision.”

The instruments also allow research-
ers to monitor the progress of blinding 
diseases in real time, rather than relying 
on cadaver tissue donated by people who 
had already lost their sight. This is partic-
ularly important for the numerous condi-
tions that manifest only in a small number 
of individuals, such as in 1 every 100,000.

“We now have the opportunity to start 
to really understand and monitor the 
pathophysiology of these blinding dis-
eases,” says University College London’s 
Michaelides. “Alf has a rare ability to in-
teract with both scientists and clinicians 
to develop the technology necessary to 
help us help patients.” 

“I often think of that mom from my 
early days as a researcher in Rochester,” 
Dubra says. “I wish I could talk to her 
now. I could outline the concrete ways 
that our work is moving the field forward 
in ways that will directly benefit people 
like her son.” SM

— Contact Krista Conger at 
kristac@stanford.edu
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In the fog of loss
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then to understand this was not good 
news. 

Eight months after surgery — with 
Boston behind us now — Jim’s tumor 
markers began to rise. There was no 
point getting a scan to check for a recur-
rence, because then he got an infection in 
his liver, and for the next four months — 
months in which Jim spent more time in 
the hospital than out of it — the infection 
endured, and mutated. Ignorant as I was 
at the time, I actually said, early on during 
this period, “At least it’s just an infection, 
not a recurrence” — not recognizing that 
the one served as indication of the other. 

Through all of this, Jim continued to 
believe in the possibility of his survival, 
and looked to me as the source of that con-
viction. Where once he had focused all ef-
forts on qualifying for the Whipple, now 
his hopes lay in vanquishing the infection 
out of the hope (to this it had come) that 
he might receive more chemotherapy. 

On a visit during this period, Jim’s on-
cologist asked him the routine question, 
“How are you feeling?” 

“Really great,” he told her. 
I studied my husband’s ravaged face. 

Jim had always been an unswervingly hon-
est man, an Eagle Scout, both figuratively 
and literally, and he wasn’t feeling remotely 
great or even OK. But I knew what he was 
doing, and didn’t challenge him. He just 
wanted, so badly, for our doctor to sign off 
on another round of chemo. 

She didn’t. Chemo now would kill 
him, she said. Not that the cancer wasn’t 
doing that already. 

In the car on the way home, I tried to 
ease the blow of our oncologist’s deci-
sion. “Maybe it’s better this way,” I said 
to Jim — the words among the hardest 
I ever spoke. “We know chemotherapy 
can’t cure Stage 4….”

My husband looked at me with baffled 
amazement. Way back when we’d started 
all this, we’d read the same articles, knew 
the same medical facts. Now (under the 
influence of morphine, and the cumula-
tive effects of Folfirinox) he’d forgotten, 
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and it fell to me to remind him that his 
doctors had nothing left for him. 

My husband died a year and a week  
after undergoing the long-sought-after 
Whipple procedure. He was at home, in 
our bed. I was beside him. 

I have spent the year since Jim’s death 
trying to make sense of the choices Jim and 
I made (though increasingly, they fell to 
me, alone) concerning his treatment. It is 
a terrible responsibility for any human be-
ing, but particularly one with no medical 
background, to make the kinds of choices 
I did for my husband. The fact that we had 
known each other only three years when 
he was diagnosed did not alter my love or 
commitment, but it did contribute to an 
uncharacteristic level of self-doubt. 

Since Jim died, I have gone back over 
everything we did, asking myself what I 
might have done differently. The fact that 
he almost certainly would have died, re-
gardless, does not mitigate the question 
of whether I might have made it possible 
for him to have known a less brutally 
painful final year.

Here is one thing I know, though it is a 
lesson acquired only through suffering and 
loss. If, tomorrow, or next week, or anytime 
in the next 30 years, I receive a diagnosis of 
pancreatic cancer, with the option existing 
for surgery, I would never elect to undergo 
the Whipple procedure. Whatever slim 
prospect of survival it might offer does not 
offset, for me, the countless complications, 
indignities and virtually nonstop pain I wit-
nessed in my husband.

But there is a profound question un-
derlying a decision like this one, and each 
individual might answer it differently. 
Does a patient like Jim do better to sur-
render to the virtual inevitability of his 
own death or — as my husband chose 
— go down fighting, almost to the end? 
I can guess that without that Whipple 
surgery, Jim might have gotten another 
good six months, maybe nine — months 
we might have spent riding those bicycles 
of ours and eating good meals, sitting in 
our garden together, taking walks, with 
surprisingly little pain. Except the ever-
present grief of knowing what lay ahead. 

 Instead, we spent Jim’s last year engaged 
in constant, often excruciating struggle. 
We traveled some, and we still danced in 
our kitchen almost to the end, but it would 
not be much of an exaggeration to say that 
the fight to stay alive was killing us. 

For a brief time, we made an hour-
long drive each way, three times a week so 
Jim — who struggled with claustropho-
bia — might lie for 90 minutes in a hy-
perbaric chamber ($450 per visit) in the 
hope that doing so would diminish the 
infection overtaking his liver. The idea 
was that by accomplishing this, he might 
qualify for chemotherapy that would no 
longer offer any prospect of saving his 
life. Only extending it. Perhaps. 

I was the one, in the end, who sug-
gested that we stop this. Jim might have 
continued, though he was down to 90 
pounds, and had already survived a nearly 
fatal septic episode that had me driving 
over the Bay Bridge to the hospital at 
midnight with my delirious husband.

I have asked myself, was I crazy? 
Nobody was making me do this, or try-

ing to make a buck off of Jim’s condition 
(though, of course, many people did make 
a buck off our increasingly desperate and 
wild pursuits). I made the choices I did out 
of the belief that for this particular man, in 
his particular situation, great pain, or dis-
location, or even agony remained more 
endurable than the evaporation of all hope. 

This belief was confirmed for me when 
we finally gave up all our efforts and — once 
again at my suggestion — went on hospice. 
Of all the brutal experiences Jim endured 
over the 19 months of his cancer battle, 
none was harder for him than arriving at the 
place where hope no longer existed. 

For Jim, surrender was possible only 
when there was truly nothing else to be 
done. I do not consider him less spiritu-
ally evolved for his inability to view death 
as a valuable life experience. One could 
call him “in denial” about death. But I 
don’t think it was dying that he hated so 
much as it was leaving me. 

From those first days after I met him, 
he was my guard dog, and the fight he 
undertook came out of his fierce com-
mitment to remain at my side, no matter 

what. I see him now, in my mind’s eye, like 
one of those hero foot soldiers from long-
ago wars, marching into battle to almost-
certain death — the bullets whistling past 
his head, with one surely destined to fell 
him. He did not break his stride. SM

 — Best-selling author Joyce Maynard wrote 
this essay for Stanford Medicine  

about events in her memoir The Best of Us,  
to be published in September by Bloomsbury 

USA. Contact her at joycemaynard.com.
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In the remote village where Geoff Tabin, MD, lived while working at a Nepalese hos-
pital in the late 1980s, blindness was akin to a death sentence. “It was just accepted that 

you get old, your hair turns white, your eyes turn white, you go blind and you die,” he says.

Then, one day, a Dutch medical team arrived to perform cataract surgeries. “I had watched blind patients 

kind of shriveling up,” says Tabin, who joined Stanford in June as an ophthalmology professor. But the day after 

their cataract surgeries, “people came back to life,” he says. “It was amazing.” 

Cataracts are cloudy or opaque areas in the lens of the eye that block light entry, and develop naturally with 

age. In developing countries, poor nutrition, injury, disease or exposure to unfiltered ultraviolet sunlight can 

speed up the clouding. Though cataracts can be treated by replacing the cloudy lens with a clear, soft, plastic 

implant, access to the surgery is limited and surgeons can be scarce in far-flung 

regions of the developing world.

Tabin’s passion for mountaineering — in 1990, he became the fourth person 

in the world to summit the highest peaks on all seven continents — had already 

sparked his interest in global medicine. Witnessing the profound impact of cata-

ract surgery inspired him to combine that with ophthalmological training. After a 

residency at Brown University and a fellowship in corneal surgery in Melbourne, 

Australia, Tabin returned to Nepal in 1994.

There, he met Sanduk Ruit, MD, a Nepalese ophthalmologist devoted to 

reversing treatable blindness. Ruit became a mentor and friend to Tabin, and 

in 1995, the pair co-founded the Himalayan Cataract Project with the aim of 

providing access to high-quality eye care in Nepal.

At the time, 1 percent of the Nepalese population was blind. Cataracts caused 70 

percent of unnecessary blindness, says Tabin, and there was an estimated backlog 

of 255,000 surgeries.

Blindness can have a serious impact in the developing world. When people 

become blind, their life expectancy drops to one-third that of their healthy 

peers. Ninety percent of blind people do not work, often because they are un-

able to navigate long distances or rugged terrain. Family members often forgo 

work or school to care for them.

Since the Himalayan Cataract Project’s founding, its doctors have performed over 600,000 surgeries in 16 coun-

tries. Thanks to Ruit’s surgical and lens-implant innovations, cataract replacement surgeries take 10 minutes and 

cost $25. Today, the blindness rate in Nepal is 0.24 percent, Tabin says, comparable to that of Western countries.

The Himalayan Cataract Project also trains local doctors and ophthalmological personnel as part of its mission to 

create self-sustaining eye-care systems in developing countries. Nepalese doctors now perform over 300,000 cata-

ract surgeries annually, up from 15,000 per year before the project was founded. Himalayan Cataract Project training 

programs are thriving in other Asian countries, including Bhutan, Tibet, India and Myanmar.

Tabin and Ruit have now set their sights on sub-Saharan Africa. They’ll start with Ethiopia and Ghana, where Tabin 

has been developing training programs for the past eight years. “I’m really hoping that in the next 10 years we have the 

same success in reversing blindness in Africa that we’ve been able to accomplish in Asia,” he says. — EMMA HIOLSKI
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EYE OPENING
CURING CATARACTS IN THE HIMALAYAS AND BEYOND

Geoff Tabin, MD, 
with a cataract patient 
in Dolakha, Nepal.
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A spare tire may be life-extending — as long as it’s sporting the right kind of fat. 

Stanford Medicine researchers have found that feeding roundworms monounsatu-

rated fatty acids — the kind found in olive oil, nuts and avocados — stimulates a 

fatty buildup that appears to extend their lives. 

Because many species share similar patterns of fat metabolism, it’s possible that the 

findings could extend to other animals, including humans, the researchers believe.

“We expected the long-lived animals in our 

study would be thinner,” says Anne Brunet, PhD, 

professor of genetics. “Instead, they turned out 

to be fatter. This was quite a surprise.”

Brunet is the senior author of the study, 

published online April 5 in Nature. Graduate 

student Shuo Han is the lead author.

The researchers made their discovery 

while exploring epigenetics — a process by 

which organisms modulate their gene ex-

pression in response to environmental cues 

— and its effect on life spans. The animal 

under scrutiny was Caenorhabditis elegans, 

a roundworm often used for longevity studies due to its short life span and ease of care. 

Han and Brunet noticed that certain worms in their study not only lived longer than their 

peers, but they also accumulated fats, primarily monounsaturated fatty acids, in their guts.

Humans with diets rich in monounsaturated fats have been shown to have a re-

duced risk for heart disease and diabetes, and some studies have shown that cente-
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narians store more monounsaturated fat 

than non-centenarians. 

“We wanted to know whether this ac-

cumulation of monounsaturated fats was 

important to life span,” Brunet says, “so 

we fed both monounsaturated and poly-

unsaturated fats directly to the worms. We 

found that the monounsaturated fats accu-

mulated in the worms’ guts and increased 

their life span. In contrast, polyunsaturated 

fats did not have the same effect.” 

The researchers are now trying to un-

derstand how the monounsaturated fatty 

acid accumulation might lead to a longer 

life. Some possibilities include the ready 

availability of quick energy in the stored 

fat, or the fact that the fat may provide an 

accessible source of lipid-based signal-

ing molecules to facilitate communication 

between cells or tissues. Alternatively, the 

monounsaturated fats may help preserve 

the fluidity of the lipid membranes that en-

close and protect cells. 

— KRISTA CONGER
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THE CAENORHABDITIS ELEGANS 
ROUNDWORM IS ABOUT 1 MILLIMETER LONG. 
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