THE LITERATURE

ECO-FRIENDLY, SUSTAINABLE CATARACT SURGERY

Two studies evaluated strategies for reducing the procedure’s environmental footprint.

STUDY IN BRIEF

A study quantified and compared the cost, waste, and carbon emissions associated with
single-use and reusable cataract surgery equipment and instrumentation. The use of
validated reusable phaco systems and diamond knives was found to reduce surgical cost,
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ABSTRACT SUMMARY
This study quantified and compared
the cost, waste, and carbon emissions
associated with single-use and reusable
cataract surgery equipment and
instrumentation. The first part of the
study used data collected over 1 year
to compare the environmental and
financial impact of an approved multiuse
phaco tubing and cassette system
versus single-use equivalents on the
same machine. The second part of the
study assessed the same parameters for
reusable diamond knives compared to
disposable metal knives for an equivalent
number of cataract and other IOL-related
surgeries during a 10-year period. A
life-cycle equivalent analysis quantified
the total carbon footprint of each
component from production to disposal.
For 2,700 surgical cases performed in
1 year, reusable phaco packs reduced
cost by 66.7% ($121,500 for single-use
vs $40,500 for multiuse). For every
1,000 procedures, moreover, the reusable
phaco packs were projected to save an
estimated 322.8 kg of plastic waste and
938.3 kgCO,e—equivalent to driving
a car 2,283 miles or 3,674 km. Over
10 years, the use of diamond knives was

plastic waste, and carbon emissions significantly without compromising safety.

WHY IT MATTERS

The health care sector contributes to greenhouse gas emissions. Transitioning from
single-use to validated reusable phaco systems and diamond knives could reduce the economic

and environmental footprint of cataract surgery.

projected to save an estimated $30,430
per 1,000 cases and reduce plastic waste
and carbon emissions by greater than
99%. No cases of endophthalmitis or
toxic anterior segment syndrome were
reported in the study.

DISCUSSION

In the United States, the health
care sector contributes up to 10% of
greenhouse gas emissions, largely driven
by material use and waste from ORs.23
Most cataract surgical supplies in the
United States are classified as single-use
because labeling a device as reusable
requires US FDA validation to ensure its
safety and efficacy after multiple uses—a
process that is costly and time-consuming
and may delay product approval.
Combined with liability concerns and
limited financial incentives, these barriers
have discouraged manufacturers from
developing multiuse phaco systems.

A single-use designation does not
imply that the reuse of a device is
unsafe—only that it has not been

tested. CMS regulations, however, often
treat any off-label reuse of ophthalmic
devices such as phaco tubing and
surgical knives as unsafe despite a lack
of scientific evidence.

As a global movement toward
sustainability in health care has
highlighted, there is a clear unmet need
for manufacturers to develop and offer
validated multiuse phaco tubing and
cassette systems. Despite their availability
in more than 60 countries, such devices
remain unavailable in the United States
owing to regulatory and commercial
barriers. Collaborative action by
regulators, manufacturers, and surgeons is
essential to achieving meaningful progress
in this area. The substantial reductions in
cost and waste shown in this study were
achieved through the implementation
of reusable systems in clinical practice.
Adopting validated reusable technologies,
such as diamond knives and multiuse
phaco systems, could improve both
economic efficiency and environmental
sustainability in cataract surgery.
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ABSTRACT SUMMARY
This prospective study assessed the
environmental impact of streamlining



STUDY IN BRIEF

A study assessed the environmental impact of streamlining single-use cataract surgery packs
and replacing disposable instruments with reusable alternatives. A process-based carbon
footprint analysis compared the life-cycle greenhouse gas emissions of single-use versus
reusable forceps and gallipots. Replacing disposable instruments with reusable alternatives
and optimizing cataract surgery packs were found to reduce carbon emissions by more than
27-fold, saving over 1.2 tons of C0,e annually, even in a low-volume surgical unit.

WHY IT MATTERS

Cataract surgery is the most frequently performed operation worldwide. This study builds
on evidence showing that the broader adoption of reusable instruments could reduce the
environmental impact not just of ophthalmic surgery but also of other surgical specialties that
commonly rely on prepackaged single-use instrument sets.

single-use cataract surgery packs and
replacing disposable instruments with
reusable alternatives. A process-based
carbon footprint analysis compared
the life-cycle greenhouse gas emissions
of single-use versus reusable forceps
and gallipots.

Single-use items were shown to
have a 27-fold higher carbon footprint
than reusable equivalents (322 kgCO,
vs 12 kgCO, e per 1,000 cases). A net
carbon benefit was achieved after
only 19 reuses. In a small surgical
unit performing 1,584 cases annually,
streamlining disposable packs saved
935 kgCO,e per year, and switching
to reusable instruments resulted in an
additional 309-kgCO,e reduction.

DISCUSSION

ORs generate up to 30% of total
hospital waste, making them one of the
largest contributors to hospital waste
and carbon emissions. ® McCance et
al° demonstrated that single-use items
within disposable cataract surgery packs
contribute substantially to the overall
carbon footprint of surgical practice,
particularly when considered across
the large global volume of procedures
performed annually. Although the
analyzed surgical unit performed
only 1,584 cataract surgeries per year,
the estimated reductions achieved
through streamlining disposable packs
(935 kgCO,e) and switching to reusable
alternatives (309 kgCO,e) indicated
that the potential environmental
savings would be even greater in
higher-volume centers. The reusable
instruments evaluated in the study

were manufactured in Sialkot, Pakistan,
whereas the single-use equivalents
were produced in the United Kingdom.
Despite the additional transportation
distance, the single-use items had
a 27-fold higher carbon footprint
than their reusable counterparts,
suggesting that the local production
of reusable instruments could enhance
sustainability outcomes.

Consumables are widely recognized
as a major environmental hot spot
in surgery, with medical equipment
accounting for nearly one-third of
total emissions related to cataract
surgery.”® Supply chain processes
contribute approximately 59% of the
National Health Service in the United
Kingdom’s total carbon footprint and
71% of health care’s global footprint.®
The results of the analysis by McCance
et al® were consistent with previous life
cycle assessments comparing single-use
and reusable product categories across
health care sectors,>'® but the study by
McCance et al° also provided a focused,
direct comparison of individual items
used in a cataract surgical setting.
Because the items they evaluated were
not specific to ophthalmology, the
findings are applicable to other surgical
specialties that commonly rely on
prepackaged single-use instrument sets.

McCance et al® provided robust
evidence that both streamlining
preprepared single-use surgical packs and
replacing disposable items with reusable
alternatives are effective interventions for
reducing the carbon footprint of surgical
operations. Although the magnitude
of the impact may vary depending on
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institutional and geographic context,
consumables have consistently
represented a major carbon hot spot
within surgical care® Reducing their
environmental impact remains a critical
focus for mitigating the climate burden
of ORs and promoting long-term,
sustainable surgical practice. m

An Al language model (ChatGPT 5.2,
OpenAl) was used to assist with grammar
in the original manuscript. All content
was reviewed, verified, and revised by the
authors, who assume full responsibility
for the accuracy and integrity of the
manuscript. The Al tool was not used for
data analysis, interpretation, or drawing
scientific conclusions.

1. Chen SP, Baveja GB, Chang DF. Quantifying the reduction in economic and
environmental waste from multi-use phacoemulsification tubing/cassettes and
diamond blades. J Cataract Refract Surg. Published online September 9, 2025
d0i:10.1097/j.jcrs.0000000000001784

2. Eckelman MJ, Huang K, Lagasse R, Senay E, Dubrow R, Sherman JD. Health
care pollution and public health damage in the United States: an update. Health
Affairs (Project Hope). 2020;39(12):2071-2079

3. Health Care Without Harm. Health Care’s Climate Footprint: How the Health
Sector Contributes to the Global Climate Crisis and Opportunities for Action
September 2019. Accessed December 12, 2025. https:/iglobal.noharm.org/sites/
default/files/documents-files/5361/HealthCaresClimateFootprint_092319.pdf

4. Chang DF. Tackling the challenge of needless surgical waste in ophthalmology.
J Cataract Refract Surg. 2023:49(4):333-338

5. McCance E, Steinbach |, Morris DS. Comparative carbon footprinting

study of reusable vs. disposable instruments in cataract surgery. Eve (Lond)
2025:39(8):1481-1485

6. Rizan C, Steinbach I, Nicholson R, Lillywhite R, Reed M, Bhutta MF. The
carbon footprint of surgical operations: a systematic review. Ann Surg
2020;272(6):986-995.

7.Thiel CL, Schehlein E, Ravilla T, et al. Cataract surgery and environmental
sustainability: waste and lifecycle assessment of phacoemulsification at a
private healthcare facility. J Cataract Refract Surg. 2017:43(11):1391-1398

8. Morris DS, Wright T, Somner JE. Connor A. The carbon footprint of cataract
surgery. Eye (Lond). 2013;27(4):495-501

9. Drew J, Christie SD, Tyedmers P. Smith-Forrester J, Rainham D. Operating in
a climate crisis: a state-of-the-science review of life cycle assessment within
surgical and anesthetic care. Environ Health Perspect. 2021;129(7):76001.

10. Keil M, Viere T, Helms K, Rogowski W. The impact of switching from single-
use to reusable healthcare products: a transparency checklist and systematic
review of life-cycle assessments. Eur J Public Health. 2023;33(1):56-63

SECTION EDITOR EDWARD MANCHE, MD

m Jirector of Cornea and Refractive Surgery,
Stanford Laser Eye Center, Stanford, California

m Professor of Ophthalmology, Stanford University
School of Medicine, Stanford, California

m edward. manche@stanford.edu

m Financial disclosure: None

AHMET AKMAN, MD, FACS

m Professor of Ophthalmology, private practice,
Ankara, Turkey

m 3hmetakman@hotmail.com

m Financial disclosure: None

SIREL GUR GUNGOR, MD

m Professor of Ophthalmology, private practice,
Ankara, Turkey

m sirelgur@yahoo.com

m Financial disclosure: None



