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Lasers in eye surgery:
A revolutionary impact on vision treatment
...Stanford doctors gave people the “gift of sight”

By Carolyn Bruckmann
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National History Day process in
7th grade. Her name is Forbes
Keaton and she works at All
Saints Episcopal Day School. My
personal ambition is to become an
anthropologist.”

Carolyn Bruckmann

The introduction of lasers to eye surgery in 1963 has trans-
formed the practice of ophthalmology. A group of ophthal-
mologists spearheaded by Dr. H. Christian Zweng pioneered
this innovation. As a result of their efforts, the ruby laser is
currently instrumental in healing retinal detachments and tears,
which are leading causes of blindness worldwide. It is esti-
mated that around the world “ninety eyes are blinded by [reti-
nal detachment] every hour” (Shah). The subsequent devel-
opment of the argon laser in 1966 led to the first effective
treatment of vision complications due to diabetes. Today in
the United States, diabetes is the leading cause of blindness
and affects more than nine million adults (www.nlm.nih.gov).
Therefore the use of lasers in eye surgery is an innovation
that has revolutionized the treatment of both retinal tears and
diabetic retinopathy. In addition, the development of the
Excimer laser, used in LASIK surgery, has improved vision
for millions. Today the use of lasers is an established practice
in ophthalmology around the world.

Before the use of lasers in eye surgery, retinal tears led to
retinal detachments and usually blindness. The retina is a light-
sensitive membrane in the back of the eye that transmits im-
ages to the optic nerve. Retinal tears occur when the vitreous
humor changes shape. This allows the vitreous fluid, the jelly-
like substance inside the eye, to seep behind the retina, caus-
ing the retina to pull away from the optic nerve (L’Esperance).

Prior to 1963, there were few techniques used to reattach
retinas and none was very effective (Spetz 46). One of these
methods entailed doctors “apply[ing] energy on the surface
of the eye...or turn[ing] the eye around after loosening
muscles to bore a hole in the sclera [the external covering of

Dr. Zweng (left) confers with colleague over patient.

the back of the eyeball]” (Spetz 46). Recovery “required an
inpatient hospital stay and significant recuperation time and
was, as Dr. Francis L’Esperance commented, ‘really barbaric’”’
(Spetz 46). Another technique still in use employs the scleral
buckle, a device composed of rubber or sponge (Adams). As
ophthalmologist Dr. Adams explained, doctors “freeze the
retinal tissue and then probe the sclera next to the retinal tear.
This freezing process causes the retina to adhere to the sclera
by creating a scar. The doctors would finish by wrapping the
scleral buckle around the eye” (Adams). This technique often
requires a hospital stay and a six- to eight-week postoperative
period when patients are required to wear an eye patch at night
and refrain from reading (www.surgeryencyclopedia.com).
In 1954, ophthalmologists began developing photocoagu-
lation, a technique using light sources to create scarring to
treat retinal tears (Spetz 46). Ophthalmologist L’Esperance
compared photocoagulation to “wallpaper falling off of the
walls in a house and placing paste on the walls to make it
adhere” (L’Esperance). Gerd Meyer-Schwickerath pioneered
photocoagulation by using a device that utilized the sun as the
source of light in order to scar the retina. Nevertheless, Meyer-
Schwickerath’s procedure proved highly dangerous because
the amount and brightness of sunlight could not easily be
manipulated, potentially leading to excessively burned retinas.
Following Meyer-Schwickerath’s development, doctors
continued their efforts to improve the technique used for pho-
tocoagulation. Germany became the first country to use a Zeiss
photocoagulator, a device that utilized xenon arc lamps instead
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of direct sunlight to burn the retina in order to create scar tissue
(Spetz 46). In 1959 the Columbia-Presbyterian Medical Cen-
ter and the Stanford University Medical Center (California)
received three Zeiss photocoagulators (Spetz 46). Although an
essential step in the development of photocoagulation, the xe-
non arc lamp’s beam was too wide. “It made such a huge spot
on the back part of the eye that it would destroy most of the
retina” (L’Esperance). As mentioned in an alumni Stanford
Research Institute bulletin, “[ T]he inaccuracies of the white-
light photocoagulator meant it was unsuitable for the most
delicate operations” (Schwaar 4). Furthermore the Zeiss pho-
tocoagulator caused unnecessary physical pain. Medical re-
searcher Milton Flocks said, “[I]n halfa second...the iris con-
tracts and comes down hard, and that hurts” (Spetz 46).

Meanwhile, a new device, the ruby laser, became of in-
terest to ophthalmologists as physicists publicized its poten-
tial for medical uses. Doctors began to realize its promise as
a therapeutic device in ophthalmology as a substitute for the
xenon arc lamps. Physicist Arthur Schawlow of Stanford
University, who subsequently received the 1981 Nobel Prize
for his research on lasers, demonstrated this potential with
the red balloon experiment — he shot a laser beam through a
clear outer balloon in order to pop a colored inner balloon.
This experiment simulated the idea of a laser passing through
the eye’s cornea without causing damage and yet burning the
patient’s retina in order to create scar tissue.

The two American teams that received the Zeiss photo-
coagulators began to experiment simultaneously. The Stanford
research group, headed by Drs. Milton Flocks and H. Christian
Zweng, were “a super team out there on the west coast”
(L’Esperance). Having taken courses in physics, Dr. Flocks
was able to understand the physics and components of a laser;
this understanding was essential to helping the group success-
fully use lasers as the light source in photocoagulation. The
team experimented with rhesus monkeys in order to de-
velop the technique, which proved more effective than
using rabbits.

In August 1963, Dr. Zweng became the first doctor to
use a laser photocoagulator when he operated on patient
Donald Scheuch. His wife, Polly Scheuch, remembers the
cause of Scheuch’s retinal detachment: “He was in the swim-
ming pool with our son and missed catching the tennis ball,
which hit him in the eye” (P. Scheuch). Scheuch had been
working at the Stanford Research Institute and heard of
Zweng’s experiments with the laser. Mrs. Scheuch recalls,
“Zweng and Flocks were working on using the laser, some-
thing that was all very new at the time. This sounded like an
easier way to reattach Don’s retina, because he knew about
the mechanics of the laser. | was all for it because I knew the
Zeiss machine was harder on the patient. I guess the only
uncertainty I had was because he was the first patient” (P.
Scheuch). When questioned about his feelings of being the
first patient to experience the surgery, Mr. Scheuch responded,

“The only difficulty was obviously my mental pain. You can
imagine lying on your back wondering whether you will lose
your eye or not” (D. Scheuch). The surgery went smoothly,
as Scheuch remembers, “There was never any physical pain
involved” (D. Scheuch).

After successfully executing the surgery, word of the suc-
cess of Zweng and Flocks rapidly spread throughout the medical
community. In 1964 they presented their results at the annual
American Medical Association conference (Spetz 50). After the
meeting, Flocks said, “The doctors didn’t even know what a
laser was...and after that it went like wildfire” (Spetz 50).

When it became known in the medical community that
doctors were using lasers in eye surgery, scientists throughout
the country raised doubts about the new method. Their fears
were summarized in a New York Times article printed in 1966.
The article quoted Dr. William T. Ham, Jr., a world expert on
the effects of laser radiation on vision and professor at Vir-
ginia Commonwealth [University, in Richmond, Virginia]:
“Lasers...are becoming widely used in many kinds of physi-
cal, biological and medical research. People...should be made
aware that laser light can be dangerous to the eye” (Schmeck 1).
Ham also emphasized that “the human eye is just about the
most sensitive organ to laser radiation” (Schmeck 1).

The Air Force soon became interested in the effects of
laser radiation in combat. After the experience of flash blind-
ness from the bombings of Hiroshima and Nagasaki in World
War 11, scientists were concerned about the effects of laser
radiation on the eyes. Taking the protests of scientists into
consideration, Zweng tested the ruby laser on himself during
1968 and 1969. For his efforts, Zweng received a certificate
from the Air Force expressing their appreciation for:

[V]oluntarily and with full knowledge of the risks
involved, repeatedly expos[ing] his eyes to laser ra-
diation at levels considered hazardous by some ex-
perts in order to establish the permissible exposure lev-
els to laser radiation. His outstanding and courageous
actions on this important research project demon-
strated the safety of...permissible exposure levels to
laser radiation. (Air Force testimonial)

Despite all of the success with the ruby laser, Zweng and
L’Esperance were not satisfied with it. Addressing this,
L’Esperance explained, “The ruby laser was good for things
like retinal tears, but it didn’t do anything for the leading cause
of blindness [diabetic retinopathy]” (L’Esperance). From the
1960s to the present, diabetic retinopathy has been the lead-
ing cause of blindness in Americans of ages 25 to 65 (Jacko
513). Diabetes leads to vascular changes throughout the body;
in the eye, new, weak blood vessels grow, which often leak,
flooding the back of the eyeball with blood. This turns into
scar tissue, which prevents light from reaching the optic nerve.
Diabetes is particularly prevalent in the U.S. population;
16 million Americans, about 3% of the population, suffer from
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diabetes, and 99% of these will develop diabetic retinopathy
after 20 years of having the disease (Jacko, 513). Further-
more, with today’s rapid increase in the rates of obesity in the
United States, the number of diabetics is also increasing.

Until argon laser photocoagulation, there was no treat-
ment to forestall this inevitable blindness caused by diabetes.
Zweng and L’Esperance both conducted research using the
argon laser. This laser would prove more effective than the
ruby laser for treating diabetic retinopathy since blood ves-
sels reflect the red light of the ruby laser. In contrast, the blue-
green light of the argon laser is absorbed by the blood ves-
sels. Using the argon lasers, the doctors were able to weld off
these blood vessels and prevent the leakage. As Zweng notes
in his book, “We introduced the argon laser...between 1966
and 1969...The success of the animal experiments, which
demonstrated the effectiveness of the argon laser...made [it]
the light source of choice in the prototype laser photocoagu-
lator” (Zweng vii, 27). Using this technique “maintains or
improves vision in about 90% of the eyes treated” (Zweng
214). In one experiment that included 16 people, “[I]n the
span of 12 or more months, 14 of the 16 treated eyes were
healthier, compared to the untreated eyes [none had im-
proved]” (Zweng 211). With the argon laser, doctors were
thus able to prevent blindness from diabetic retinopathy.

The success of Zweng’s team was publicized in the
New York Times on November 24, 1972: “|[R]esearchers at
Stanford University in California have invented a device
for treating diseases of the eye with a laser beam. Patent
3,703,176 was granted...to Arthur Vassiliadis, Harold C.
Zweng, Norman A. Peppers, and Lloyd E. Alterton” (Jones
1). A further measure of its significance is that 45 subse-
quent patents have referenced it.

Following the development of the argon laser, hundreds
of doctors came to learn about laser photocoagulation.
L’Esperance, who taught some of these seminars on how to
treat diabetic retinopathy with lasers, commented, “We had
Chris Zweng and Hunter Little on the West Coast. I had a
laboratory [at Columbia-Presbyterian Medical Center, New
York City], and then we had doctors at Johns Hopkins. We
had a course every three months lasting around three days.
The basic faculty, Chris Zweng, Hunter Little, Arnold Patz
[and I], gave 12 of the clinics and usually 60 to 80 people
would come from all over the world” (L’Esperance). Zweng
wrote, that as of 1977, “We have treated approximately 2,500
eyes in...9,500 treatment sessions...Now about 1,000 instru-
ments based on our prototype are being used throughout the
world by several thousand ophthalmologists...[a]pproxi-
mately 900 ophthalmologists have taken the 20 courses”
(Zweng vii). Despite these frequent treatment sessions,
L’Esperance admitted, “Every time we treated somebody it
would be a new thing” (L’Esperance).

Although this group of doctors all worked collabora-
tively, Zweng was central in the promotion of the argon

laser. L’Esperance recognized this: “Chris had so much
charisma and he was such a great speaker. He just made
it happen; Chris was by far the best of the four of us”
(L’Esperance). In 1969, Zweng wrote Argon Laser Photo-
coagulation, with the assistance of Hunter Little, while con-
tinuing to teach the courses and treat patients. In its pref-
ace, Zweng recognized the urgency of spreading photoco-
agulation and was willing to do whatever required to do
this: “We feel...a great responsibility to disseminate to
those ophthalmologists who perform argon laser photo-
coagulation to avoid our mistakes...and to deepen the of-
ten shallow knowledge possessed by the general physician
and internist of retinal diseases” (Zweng vii). Zweng rec-
ognized that further advancements were necessary,
“Indications...must be sharpened further, techniques still
improved, and complications more completely avoided”
(Zweng vii). Dr. Zweng passed away in 1977 and, in
memory of his accomplishments, the Zweng Memorial
Retinal Research Foundation was established.

Photocoagulation remained the sole application of lasers
to eye surgery until the development of LASIK eye surgery,
which uses the Excimer laser to reshape the cornea. Unlike its
predecessors, the Excimer laser does not burn tissue; instead,
it evaporates the external layer. In 1978, American scientist
Rangaswamy Srinivasin of the IBM T.J. Watson Research
Center became the first to apply the laser to this purpose (http:/
/www.lasik-eye-surgery.info/history.html). With the use of the
Excimer laser, the surgery became increasingly accurate be-
cause of the precision of the laser, making changes “the width
of a hair” (Goldberg 1). LASIK surgery cures eye conditions
such as astigmatism and near-sightedness; presently, one mil-
lion patients have the surgery each year (Goldberg 1). In a
magazine article published around the time that LASIK was
gathering momentum, author Marian Segal noted:

In two studies, approximately 75 percent of the pa-
tients who were interviewed about their reasons for
seeking radial keratotomy stated that they wished to
see well without physical dependence on...spectacles
or contact lenses. Patients also sought [LASIK] to
improve their performance in profession or sport, to
improve cosmetic appearance, [or] for simple con-
venience. (Segal 1)

In essence, LASIK eye surgery truly cures vision deficien-
cies, while glasses merely correct them.

Lasers began a new era in eye surgery. With their appli-
cation to eye surgery, it is no longer necessary for doctors to
cut open eyes in order to reattach retinas. This development
drastically improved outcomes, reducing recovery time, pain,
and risk of infection. Subsequently the development of the
argon laser led to a cure for the vision losses associated with
diabetes. Finally, LASIK surgery has eliminated the need for
glasses for millions. Thus the application of lasers to eye
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surgery has had a profound impact on the world; it originally
prevented blindness and now also improves vision. In essence,
the application of lasers to eye surgery has provided people
throughout the world with the gift of sight.

BACKGROUND INFORMATION
ON PEOPLE MENTIONED IN THIS PAPER

1. Harold Christian Zweng was an ophthalmologist at
the Palo Alto Medical Foundation and member of the Stanford
Medical School faculty. Dr. Zweng was also affiliated with
the Stanford Research Institute.

2. The L’Esperance reference (first page, end of second
paragraph) refers to Francis L’Esperance. Dr. L’Esperance is af-
filiated with the Columbia-Presbyterian Medical Center, Man-
hattan, New York City. He graduated from Harvard Medical
School and worked as an ophthalmologist in New York City.

3. Kimberly Adams is a retired ophthalmologist who prac-
ticed in Guilford, Connecticut. She graduated from Harvard,
studied at Oxford University and received a medical degree
from Cornell University.

4. Gerd Meyer-Schwickerath was an ophthalmologist from
Germany. He was the head of the University Eye Clinic in
Essen in 1959 and went on to invent the Zeiss photocoagulator.

5. Milton Flocks was a researcher on the clinical faculty
at Stanford University.

6. Donald Scheuch was the first patient of ruby laser
photocoagulation. He once was the chief of the Stanford Re-
search Institute’s research activities. He currently resides in
Portola Valley.

7. Hunter Little was an ophthalmologist in Menlo Park,
California. He practiced with H. Christian Zweng.

8. Arnold Patz was an ophthalmologist as well as a di-
rector of the Wilmer Eye Institute at Johns Hopkins University.
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“Looking Backward, Looking Forward:
Visions of the Golden State”

The Bancroft Library presents an online exhibit

http://bancroft.berkeley.edu/Exhibits/online.htmI#9
Click on the banner to enter the online exhibit.

This online exhibit looks at four key events and celebra-
tions in California during the last 150 years of statehood and
examines a few aspects of California’s unique development,
noting accomplishments as well as a few missteps.

The exhibit begins with the Constitutional Convention
and California’s campaign for statehood in 1850; then looks
at two grand world’s fairs: The Panama-Pacific International

Exposition of 1915 and The Golden Gate International Ex-
position of 1939; and ends with the celebration of California
First Days, 1962-63, when California overtook New York as
the most populous state in the Union.

California has been perceived by many as the embodi-
ment of “progress,” a place that not only looks towards the
future but also shapes it.
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