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ustainability of natural resources and reduction of
waste are growing imperatives as concerns about
climate change mount.” United Nations Secretary-
General Anténio Guterres recently called climate
change “the most systemic threat to humankind” and
urged world leaders to curb their countries’ greenhouse
gas emissions.’
The provision of health care is increasingly recognized
as a significant source of greenhouse gas emissions and
other pollutants, and subsequently efforts are on the rise
to improve the environmental performance of health care
delivery and reduce its carbon footprint.
a t a r a c t Hospitals have been identified as among the most
energy-intensive commercial buildings in the United
States,® and efforts to go green by modernizing their
heating and cooling systems are increasingly in the news.
s u r g e r y Further, ORs generate 20% to 33% of total hospital waste,
! and management of medical waste carries significant envi-
ronmental and financial costs.®
u Cassandra Thiel, PhD, a public health researcher and
e n V I r 0 n m e n t a I assistant professor in New York University's department of
population health, told CRST that, “as health care systems
and professionals worldwide become more aware of and
concerned for the public health implications of climate

s u S t a i n a b i I i ty ’ change and excessive resource use, efficient care delivery

models must be better understood and promoted.”

. CATARACT SURGERY'S CARBON FOOTPRINT
a n d W a s I n As the most commonly performed surgical procedure
y worldwide, cataract surgery contributes significantly to the
carbon footprint of the health care facilities where it is per-
. formed.” The term carbon footprint is generally used to refer
h h h I t h to greenhouse gas emissions resulting from the full life cycle
W I c e a of a product or process. The carbon footprint of a single
phacoemulsification episode has been estimated to be com-
parable to that of a typical person’s life for an entire week.?
Dr. Thiel has published extensively on the environmen-
c a r e S y S t e m S tal impact of surgical procedures.”'> Most recently, she
and her colleagues looked at the environmental impact
of phacoemulsification in the United States.” Their study
of the life-cycle emissions and environmental impact of
c a n r e d u c e materials used to perform phacoemulsification at four US
surgery centers revealed that the carbon footprint of surgi-
cal materials from phacoemulsification (excluding drugs
u and the phaco unit itself) averaged 35 kg of carbon dioxide
t h e I r c a r b 0 n equivalent (kg-CO,eq) of greenhouse gas emissions—that'’s
the same quantity of emissions associated with driving a
car about 85 miles.
. Single-use disposable materials, such as drapes and basins,
f 0 0 t p r I n t accounted for 83% of those emissions, with 80% originating
' in the production of those items and 20% in their disposal.
Reusable instruments, such as forceps and scissors, account-

ed for an average of 6 kg-CO,eq of greenhouse gas emissions,
70% of which was associated with sterilization.
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Aravind Eye Hospital's Pondicherry facility, spread over 20 acres, has a 700-bed capacity. The E
facility has made remarkable progress reducing its carbon footprint through a variety of means. ;
Natarajan Vengadesan, manager of quality and patient safety for Aravind Eye Hospital, shared the !
following specifics about what makes Aravind Pondicherry a model of efficiency for other hospitals:

» India is a tropical country; there is much
sunshine, and it is effectively used. Building
construction allows a maximum amount of
natural light to enter, and all lighting has
been upgraded to LED.

» Only patient-care areas and other key areas
have air conditioning. All the air conditioning
units have been fixed with regulators, and
timing units have been installed in all
cooling units to minimize usage.

» For alternative energy generation, a solar
plant has been installed. This reduces CO0,,
emission by about 200,000 kg per year.

» Examination and surgical procedures are
completed on the same day to minimize
patient visits and therefore travel, Primary
eye care centers provide transport to

outreach camps; this has reduced patient ;
travel. Also, Aravind provides staff quarters
and a nursing hostel within the hospital ;
campus; more than 90% of the total 650 staff
live there and walk to the hospital.

» Through its high surgical productivity
and resource utilization system, Aravind :
generates just 0.25 kg of waste per surgery,
compared to the United States, where 225 kg
of waste is generated per surgery. :

» Waterless urinals have been installed; this
saves about 90% of water use. A rainwater
harvesting soak pit recharges the ground
water. Southeast Asia’s largest waste water
treatment plant, using decentralized waste !
water treatment system technology, is able 5
to treat 100 m® out of 120 m> of waste water, !

“With increasing concerns for the
health implications of climate change
and environmental degradation, we
need to reexamine our policies on
single-use and disposable materials,”

Dr. Thiel concluded. Through evidence-
based practice, she said, “we can mini-
mize the footprint of ophthalmic surger-
ies and optimize our resource and finan-
cial efficiency in the operating room.”

MODEL OF EFFICIENCY

Dr. Thiel points to Aravind Eye Care
System in India as a model of energy
efficiency (see Aravind’s Initiatives).
Aravind, whose surgeons perform
750 to 1,500 cataract procedures per
day, has instituted numerous processes
that dramatically reduce its carbon
footprint. The processes originated
in an attempt to optimize efficiency,
productivity, and resource utilization,
and have culminated in a reduction in
greenhouse gas emissions. Natarajan
Vengadesan, manager of quality and
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patient safety at the Aravind Eye
Hospital facility in Pondicherry, India,
told CRST that, after the processes were
implemented, “it became apparent that
those processes had a major impact on
the environment, so increased effort
was devoted to identifying additional
opportunities for sustainable initiatives
that would benefit the organization, as
well as the environment.”

Alan L. Robin, MD, has had a
decades-long relationship with
Aravind. He helped establish its
glaucoma department and has wit-
nessed the evolution of the health
care system there. He has seen its
development from predominantly a
charitable organization dedicated to
preventing blindness in earlier days to
its current status as a role model for
hospitals around the world interested
in quality and efficiency in the deliv-
ery of eye health care.

Dr. Robin noted that, although
restrictive regulations in developed

countries often make it difficult to
implement innovative processes aimed
at minimizing waste, Aravind and
other eye care facilities in India are
not hampered by such constraints. He
cited the requirement that US eye sur-
geons don a new disposable mask for
each case and the prohibition against
using dilating drops from one bottle
for more than one cataract patient—
practices that result in significant
waste of disposables, eye drops, and
their containers.

“When data show that changes will
reduce waste and increase energy effi-
ciency, Aravind can implement those
changes,” he said. “In the United States,
we have to dispose of the mostly full
eye drop bottle or send it home with
the patient.” Either way, he suggested,
the practice adds to the cost of surgery
and increases the amount of glass and
plastic in the trash stream. Dr. Robin is
an outspoken critic of regulations that
lead to waste, which, he said, “repre-
sents a threat to society.” He suggested
that, if the US health care system were
less encumbered, some of the energy-
saving processes employed by Aravind
could be implemented here.

“If we don’t think about the future
and try to cut down the costs of
health care sensibly and get rid of
needless regulations that often are of
no benefit,” he warned, “then we will
ultimately cause great harm to our
children, our children’s children, and
their children.”

Until a few years ago, the environ-
mental impact of Aravind’s waste
reduction efforts had not been quanti-
fied, said Rengaraj Venkatesh, MD, chief
medical officer of Aravind’s Pondicherry
facility. Dr. Robin brought Aravind’s
work to the attention of Dr. Thiel, and
a study was planned. From November
2014 through February 2015, Dr. Thiel
analyzed Aravind’s surgical materials,
energy use, and waste from cataract sur-
gery, and calculated the resulting green-
house gas emissions and the emissions
related to ozone depletion, water eutro-
phication, toxicity, and air pollution. She



found that Aravind generated 250 g of
waste per phaco procedure and nearly
6 kg-CO,eq, which is 5% of the carbon
footprint of phacoemulsification in the
United Kingdom with comparable or
better outcomes. She estimated that the
difference in phaco energy expenditure
between Aravind and the United States
would be as great, if not greater.™

In the report of their findings, Dr.
Thiel's team explained that the emis-
sions associated with a phaco procedure
at Aravind were comparable to those of
a car driven 14 miles, whereas emissions
from a similar procedure in the United
Kingdom were comparable to those
of a car driven 391 miles. Practices at
Aravind that made the most difference
were shorter surgery duration; reuse of
surgical gowns, caps, booties, and blan-
kets; use of multiuse pharmaceuticals;
and more efficient sterilization of stain-
less steel instruments, so that they can
be reused the same day.™

“Our overuse of disposable materi-
als in surgery in the United States is
unsustainable,” Dr. Thiel told CRST.
“Ophthalmologists and other medical
specialists should seek ways to reduce
material use and emissions in medical
procedures. This center in India can
serve as a model.”

LESSONS LEARNED

Aravind’s advances in energy efficien-
cy are taking place concomitantly with
an effort in India to end preventable
blindness (a goal of the World Health
Organization’s Vision 2020 initiative) by
doubling the current rate of cataract
surgery.” " If India’s ophthalmologjsts
used the surgical methods currently
used in the United Kingdom to achieve
that goal, they would emit the same
amount of greenhouse gases as a year’s
driving of 250,000 passenger vehicles,
Dr. Thiel and colleagues estimated. By
contrast, if all of India’s eye care facili-
ties employed Aravind’s approach, they
would emit the greenhouse gases equiv-
alent to only 9,000 passenger vehicles'
yearly emissions (www.youtube.com/
watch?v=0ArrvXqV43Y)."

Although regulations may slow the path toward
waste reduction, they do so at least theoretically in
+ the interest of patient safety. Two studies reached
© differing conclusions on safety issues with reuse
© of phaco tips, which is one potential area of
savings and waste reduction.

Cecchini et al compared unused phaco tips with
tips after a single use and with tips after multiple
uses.' They found that the used tips showed
relevant signs of deterioration and deposition
of biologic material, mostly involving the outer
edge. They concluded that the adoption of single-
Louse, disposable phaco tips seems to be highly
L advisable.

Tsaousis et al performed a laboratory study
evaluating morphologic changes after multiple
uses of different types of phaco tips in an ex vivo
model.? They found that ex vivo experimental
+ simulations of heavy clinical reuse did not result
' insignificant ultrastructural damage to the phaco
tips. Additionally, when the tips were subjected to
identical experimental conditions in reuse, there
1 was no ultrastructural difference in the durability
© orintegrity of the phaco tips that were labeled for
single use or for multiple uses.

These authors stated that the recommendation
to adopt only single-use disposable phaco

“Aravind demonstrates that reusable
surgical materials can produce excel-
lent patient outcomes while reducing
costs and lessening the environmental
footprint,” she said (see Sustainability
and Safety).

Although the study of cataract
surgery's carbon footprint aimed to
identify ways to be more efficient by
evaluating how much waste was gen-
erated from surgery, Dr. Venkatesh and
his colleagues learned that the health
system’s carbon footprint is related
to many more variables beyond
waste, he explained.

“For instance, we learned that travel
adds considerably to Aravind’s carbon
footprint,” he said. “And, although we
have been active in patient outreach,

SUSTAINABILITY AND SAFETY

NEW DIRECTIONS <«

tips did not appear to be based on meaningful
clinical evidence.

“In some settings, such as in US regulatory
agencies, they might insist on strict adherence
to manufacturer instructions for use. However,
itis not clear whether all recommendations
contained in the instructions for use are
based on rigorous scientific testing,” these
authors concluded. "It appears that labeling
some titanium phaco tips for single use is rather
arbitrary, in particular when another manufac-
turer labels a similar tip for up to 50 uses. That
the same manufacturer labels some tips single
use and other ultrastructurally identical tips for
up to 20 uses suggests that there is no scientific
basis for prohibiting reuse of the single-use tip.
We therefore recommend that cataract surgeons
be allowed discretion in terms of reusing phaco
tips based on their best clinical observations and
judgment. This could ultimately help reduce the
seemingly unnecessary higher costs associated
with single-use phaco tips."

1. Cecchini, P, D'Aloisio, R, Antonuccio, et al. Chemical and physical analysis
of phaco tips surface before and after cataract surgery. J Cataract Refract Surg.
2017;43:1107-1114.

2. Tsaousis, KT, Chang, DF, Werer L, et al. Comparison of different types of
phacoemulsification tips. Ill. Morphological changes induced after multiple
uses in an ex vivo model. J Cataract Refract Surg. 2018; 44(1):91-97.

bringing patients in groups to the hos-
pital for cataract surgery and returning
them as a group, for over 40 years, we
realized that there is a lot more we
could do. We now proactively encour-
age follow-up at our centralized vision
centers for postoperative patients who
walk to the base hospital for treatment.”

©© WATCH IT NOW d-------mmmmemmmmeeme oo

! " Dr. Cassandra Thiel, PhDA: 3
Sustainability EngineeringjUniversity of Pittsburgh S

> YOUTUBE.COM/WATCH?V=0ArrvXqV43Y
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Efforts throughout Aravind are
being made to allow patients to
complete the entire patient care
loop in a single visit, from diagnosis
through interpretation and interven-
tion, Thulasiraj D. Ravilla, executive
director of Lions Aravind Institute of
Community Ophthalmology (LAICO),
the training and consulting arm of the
Aravind Eye Care System, told CRST.
“There are places where it takes three
or four visits for a patient to get a pair
of glasses, and elsewhere it definitely
takes three or four visits for cataract
surgery. By reducing this to one visit
for all patients, it will have a tremen-
dous impact on our carbon footprint,
but also on other things. For instance,
it is more patient-friendly, and it is
more cost-efficient for the patients
and more efficient overall for the
hospital. Now we are trying to spread
awareness to practitioners outside of
the Aravind System so that we can
help influence process improvements
on a national level.”

SPREADING THE MODEL

Dr. Venkatesh said lessons from
Aravind could be applied in the
United States, Europe, and other devel-
oped countries if regulatory restric-
tions could be overcome.

“Regulations that are more stringent
are the only thing preventing hospitals
from implementing the systems that
have increased our productivity, cost-
efficiency, and environmental success,”
he said. “We consider quality as the
driver for all our initiatives; we in no
way would compromise on quality.
That being said, we can use reuse items
that would not be possible to reuse in
countries like the United States.”

Dr. Thiel noted that most of
Aravind’s environmental initiatives
were probably initially implemented
in the name of cost savings or increas-
ing throughput, and these goals are
not mutually exclusive. “Hospitals and
medical facilities are starting to enact
measures to reduce their environ-
mental footprint, but they will always
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analyze life-cycle costs to be sure the
initiative is sustainable from multiple
perspectives,” she said.

Some US eye care facilities are taking
steps to decrease their carbon footprints.
Matthew P. Jensen, CEO of Vance
Thompson Vision, in Sioux Falls, South
Dakota, explained that the center is
exploring the environmental benefits
of reducing the number of visits that
patients must make to the office. As
the Aravind personnel have recognized,
less travel means less travel-related
greenhouse gas emissions.

Randall ). Olson, MD, CEO, of
the John A. Moran Eye Institute in
Salt Lake City, Utah, explained that
his facility has partnered with the
Aravind system in an effort to evalu-
ate and possibly improve his facility's
environmental behavior. “We have
found that one reason our emissions
are so much greater than Aravind’s is
due to regulations that tend to give
us little flexibility,” Dr. Olson said.

Despite those regulatory restric-
tions, Jeff Pettey, MD, vice chair for
education at the Moran Eye Center,
is working on a waste-reduction beta
project. Following the lead of his col-
league Alan S. Crandall, MD, he and a
few other Moran staffers have begun
bagging and disposing of what might
be called clean waste from the OR.
(Dr. Crandall started the recycling
project after visiting Aravind.)

“There is so much paper and plas-
tic from all of the packs we open for
each procedure,” Dr. Pettey said. “Each
surgery generates at least one large
garbage bag of waste, and we've been
taking the bags home to our recycle
bins or to other available recycle
repositories as sort of a beta project.”
So far, he said, the project has required
only a single extra trash bin in the OR.

“We just look through quickly at
the end of the cases, and the refuse
goes in the refuse bin and the recy-
clables go into the recycle bin,” he
said. “Something we have learned
over time is that if recycling is easy
everyone will do it, but when it’s not

convenient it doesn’t get done. So,
just by introducing that extra recycle
bin, this could be implemented in any
OR without a whole lot of fanfare.”

The next phase, he said, is to
expand the project throughout
Moran. An OR group meeting is
scheduled to evaluate that possibil-
ity. “It will take a commitment from
the institution, and there may be a
cost associated with doing this on a
larger scale, but it is the next step that
needs to be done,” he said.

Dr. Pettey said efforts to reduce
waste by cutting down on disposal of
instruments after a single use are laud-
able, but they face challenges. “There is
a push toward single-use instruments
in the United States due to steriliza-
tion concerns,” he said. “But we can’t
overlook the fact that, by doing this,
we are dramatically increasing not
only the quantity of waste with those
disposables, but also taking reusable
instruments that could be used for
hundreds or thousands of surgeries
and doing away with them and ulti-
mately just throwing them away.”

MAKING PROGRESS

Regulations notwithstanding, some
surgical efficiencies are popping up
in the US cataract surgery landscape.
For instance, shorter surgery times are
made possible in facilities where two
ORs run simultaneously, and some
hospitals and surgery centers have
minimized the items in their dispos-
able custom packs and switched to
reusable surgical supplies."

In their examination into cataract sur-
gery and environmental sustainability,
Dr. Thiel and colleagues discussed barri-
ers that stymie environmental progress.
“Although most regulations in devel-
oped countries are made with patient
safety in mind, greater liability in coun-
tries such as the United States might
drive resource use in operating rooms.
Defensive medicine not based on scien-
tific evidence of infectious risk adds to
the cost and, therefore, the environmen-
tal footprint of care,”' they wrote. m



What Can You Do?

aIMPLE STERS T0 REDUGE THE CARBON
OOTPRINT OF YOUR PRACTICE.

» &’Q introduce a RECYCLE BIN
@ ’ in your ORs

-e
» MINIMIZE THE ITEMS IN YOUR
DISPOSABLE CUSTOM PACKS and switch

to reusable surgical supplies whenever possible

» FIND WAYS TO DECREASE THE L
SURGICAL TIME of your phaco procedures

p’ Consider REDUCING THE NUMBER

>

OF VISITS that patients must make to
your office
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