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ABSTRACT
The combined effects of fossil fuel combustion,
mass agricultural production and deforestation,
industrialisation and the evolution of modern
transport systems have resulted in high levels of
carbon emissions and accumulation of greenhouse gases, causing profound climate change
and ozone layer depletion. The consequential
depletion of Earth’s natural ecosystems and
biodiversity is not only a devastating loss but a
threat to human health. Sustainability—the
ability to continue activities indefinitely—underpins the principal solutions to these problems. Globally, the healthcare sector is a major
contributor to carbon emissions, with waste
production and transport systems being
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amongst the highest contributing factors. The
aim of this review is to explore modalities by
which the healthcare sector, particularly ophthalmology, can reduce carbon emissions, related costs and overall environmental impact,
whilst maintaining a high standard of patient
care.
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Key Summary Points
The adverse health effects of climate
change include spread of infectious
diseases, cardiovascular and respiratory
diseases secondary to wildfires,
malnourishment due to droughts and
flooding, and obesity, diabetes and heart
disease owing to increasing motorisation
and progressive agricultural activities.
The healthcare sector is a significant
contributor to carbon emissions globally.
This review aims to explore methods by
which the healthcare sector, particularly
ophthalmology, can positively reduce
waste production and carbon emissions.
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Refinement of referral pathways,
upskilling community optometrists,
establishment of peripheral imaging and
treatment ‘hubs’, utilisation of home
devices alongside AI algorithms, and risk
stratification of patients in
ophthalmology outpatient settings can
reduce unnecessary cost, waste
production, and travel-associated carbon
emissions.
Promoting sustainability in healthcare
through acknowledgement, education
(undergraduate and postgraduate medical,
nursing, and optical bodies), policy
development, and setting targets for
carbon emissions are the next steps in the
movement towards sustainable
healthcare.

INTRODUCTION
‘‘The life of every child born today will be profoundly affected by climate change. Without
accelerated intervention, this new era will come
to define the health of people at every stage of
their lives.’’—The 2019 report of the Lancet
Countdown [1].
Combustion of fossil fuels and biomass,
world food production (via animal cultivation,
irrigated agriculture) and mass deforestation
have resulted in rapid increases in world energy
production and the accumulation of heat-trapping ‘‘greenhouse gases’’ in the troposphere.
Man-made gases from the use of halocarbons
for refrigeration and insulated packaging accumulate in the stratosphere and destroy ozone,
reducing shielding against harmful ultraviolet
radiation. Industrialisation and the emergence
of a world economy, with modern transport
systems and electronic communication network, vast expansion of energy-intensive agriculture and livestock production, urban
migration and increase in consumerism are all
contributing to the global environmental
changes. Climatologists believe that the unusual weather patterns are signalling the beginning of a long-term change in the average
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temperature, precipitation and patterns of
weather extremities. According to the Intergovernmental Panel on Climate Change (IPCC)
report, global warming is predicted to reach
1.5 °C above pre-industrial levels between the
years 2030 and 2052 if it continues at the current rate [2]. Such climate change and ozone
depletion impact the Earth’s natural ecosystem
and biodiversity, depleting freshwater supply
and the marine ecosystem that are essential to
human health [3, 4].
Climate change and ozone depletion can
lead to adverse health consequences. In the past
20 years, heat-related mortality in those above
65 years old has increased significantly (53.7%),
reaching a total of 296,000 deaths in 2018. The
negative consequences of climate change can be
observed in every continent—from the ongoing
spread of dengue virus across South America,
the wildfires in Australia compromising cardiovascular and respiratory health, and the floods
or droughts in China, Bangladesh, Ethiopia and
South Africa leading to the undersupply of food
and malnourishment [5]. Modern lifestyle
choices, with increasing motorisation replacing
active transport modalities like walking and
cycling, and the increase of red meat and dairy
consumption (progressive agricultural activities) have led to an increased prevalence of
diabetes and obesity and their subsequent
chronic health issues. This has resulted in an
increased reliance on healthcare and associated
costs [6]. Yu and colleagues also elaborated the
potential impact on eye health including
increasing incidence of trachoma infections,
vitamin A deficiency eye conditions, cataracts,
allergic eye diseases, glaucoma and age-related
macular degeneration (AMD) as direct or indirect consequences from extreme weather conditions [7]. Poor air quality has been shown to
put additional pressure on emergency services; a
study by Kings College London using data from
nine English cities demonstrated that on high
pollution days there is an increase in ambulance
calls with 673 extra out-of-hospital cardiac
arrests and admissions for stroke and asthma
[8].
The Lancet Commission on Health and Climate sets forth the requirement of the health
sector to tackle climate change, by identifying
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and mitigating the risks it poses to bring about a
paradigm shift in the future delivery of healthcare [9]. Climate change not only poses the
biggest health ‘threat’ but also creates an ‘opportunity’ for positive change in global health
[10–12].
This review aims to explore ways in which
the healthcare sector, in particular ophthalmology, can reduce carbon emissions along
with related costs, environmental impacts and
associated mortality and morbidity, whilst
maintaining the best standard of care. We will
explore ‘sustainability’ in ophthalmology, the
ability to meet the needs of the current generation without compromising the needs of
future generations [13, 14].
This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.
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and their associated costs whilst delivering and
maintaining high standards of care.
In January 2020, the NHS England Chief
Executive launched the Greener NHS campaign,
aiming to make the NHS the world’s first net
zero health service by 2040, with an 80%
reduction by the years 2028–2032. It was noted
that the NHS is ‘‘part of the problem as well as
the solution.’’ In addition, The NHS Net Zero
Expert Panel has been established to look at
changes the NHS can make across the organisation both in its supply chain and wider partnerships. NHS emissions come from a number
of sources, but transport contributes significantly. It is estimated that 6.7 billion road miles
each year are from patients and their visitors
travelling to access the healthcare sites [17, 18].

THE OPHTHALMOLOGY CARBON
FOOTPRINT

CARBON EMISSION
IN HEALTHCARE

Cataract Surgery

In 2017, the healthcare sector was responsible
for 4–6% of carbon emission globally [8]. The
USA spends by far the most on its healthcare
system (with nearly one-fifth of GDP in 2013).
After food service facilities, hospitals are the
second most energy intensive commercial
buildings in the USA [15]. The NHS (England’s
National Health Service) employs over 1.5 million people to provide high-quality healthcare
to a population of approximately 56 million
people. This delivery of care contributes to
4–5% of the country’s total greenhouse gas and
this value may well increase further if
unchecked, with an ageing population and
increasing healthcare expenditure [16]. Whilst
emitting carbon, the NHS is also treating acute
presentations and conditions attributed to such
emissions [6]. Hence, in 2008, the Sustainable
Development Unit (SDU) was created following
the publication of the Climate Change Act
(2008) to gain a better understanding of the
association between climate change, health and
healthcare. The NHS has since achieved a significant reduction in greenhouse gas emission

Ophthalmology has the highest surgical volumes and rapid turnover rates in the NHS with
approximately 414,000 cataract procedures in
England and 20,000 in Wales between the years
2017 and 2018 [19]. This makes cataract procedures an obvious target for reduction of carbon
emissions. Morris and colleagues estimated the
carbon burden accounting for 343,782 cataract
procedures in England in 2011 to be at least
63,000 tonnes of CO2 equivalent (CO2eq) taking into consideration building and energy use,
travel and procurement [20]. Somner et al.
compared different techniques of cataract
explantation [phacoemulsification vs. modified
small incision cataract surgery (MSCIS)] and the
environmental impact. They concluded that
phacoemulsification is not only much more
costly but has a significantly greater environmental impact compared to MSCIS. This is the
result of disposable waste (paper and plastic)
and the energy used by the phacoemulsification
machine [21, 22]. In terms of cost-effectiveness,
various studies carried out in India and Nepal
have shown that the technique of MSICS is
1.4–4.7 times less expensive than phacoemulsification with similar visual outcomes and
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complication rates. It is therefore the predominant technique in developing countries and
areas with limited resource but high volume
and backlog [22–26]. Of course, in many
developed nations there are different socioeconomic conditions and healthcare infrastructures and expectations, and larger ‘real-world’
prospective analyses would be required to assess
the long-term visual outcomes of different cataract surgery techniques, their carbon footprints and cost–benefit analyses.
In developed countries, single-use disposable
instruments and equipment have contributed
to a mass production of clinical and non-clinical waste, and significantly to carbon emissions.
Morris et al. estimated that 53.8% of these
emissions were from procurement, the majority
due to disposable medical equipment [19]. Goel
and colleagues published data on productivity,
costs, carbon emissions and waste generation
for every cataract surgery performed across nine
participating sites internationally, using the
‘‘Eyefficiency’’ cataract surgery auditing tool.
Service costs range from £31.55 to £399.34,
solid waste weighs between 0.19 and 4.27 kg
and carbon emissions range from 41 kg CO2eq
to 130 kg CO2eq for each cataract case performed. Comparing the expenditure of medical
supply and waste generation between two
developed countries exposes an interesting difference. New Zealand has the highest expenditure on consumables with low waste generation
indicating that the supply spending could be
disproportionately high. The UK spends moderately on their disposable supplies but generates twice as much waste compared to that of
the next highest site, indicating that packaging
and waste management could be an issue [27].
Figure 1a shows an example of non-clinical
waste generated in a cataract centre in the UK in
preparation for a cataract case and Fig. 1b shows
an example of clinical waste generated upon
completion of a cataract case. During a noncomplex phacoemulsification case, a total of
2.10 kg of waste was generated. It is important
to recognise the amount of waste produced
from each case depends on various factors such
as the complexity of case (meaning more or less
surgical equipment), the use of disposable
equipment and packaging, the number of saline
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bottles used and the remaining volume of balanced salt solution, the number of surgeons
operating affecting disposable gowns and gloves
used.
By comparing UK cataract services with the
Aravind Eye Care System (AECS) in India,
notable differences in carbon generated are
observed. At the AECS approximately 6 kg
CO2eq is generated per phacoemulsification
procedure compared to approximately 130 kg
CO2eq in the UK, for every case performed [20].
This significant difference is due to the Aravind’s high volume approach providing up to
1500 cataract surgeries per day, thereby minimising the environmental footprint associated
with electricity and energy use. They also reuse
surgical gowns, blankets and certain surgical
and pharmaceutical supplies (including multiuse solutions during cataract surgery and preoperative eyedrops). Contaminated instruments
(instrument trays and phacoemulsification tip)
would be sterilised in between each case,
whereas non-contaminated instruments (fluid
collection bags, plastic protectors on phacoemulsification machines and tables, intraoperative pharmaceuticals) would be sterilised at
the end of the operating day to reduce environmental impact associated with repeated
sterilisation. Despite reusing surgical supplies,
cleaning gloves with alcohol and chlorhexidine,
and simultaneously operating on multiple
patients within a single operating theatre, the
rate of postoperative endophthalmitis is no
higher than European norms [28, 29]. However,
because of stricter infection control guidelines,
implementation of the Aravind model of practice is not currently feasible in countries such as
the UK.
Reduce, Reuse, Recycle, Rethink
and Research
The 5 R’s of sustainability (Reduce, Reuse,
Recycle, Rethink and Research) can be applied
to reducing the environmental impact of ophthalmic surgery in a cumulative manner, whilst
maintaining patient safety.
We can reduce energy consumption by simply turning off lights in operating theatres and
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Fig. 1 a Non-clinical waste generated in preparation for a phacoemulsiﬁcation case. b Clinical waste generated following a
phacoemulsiﬁcation case
switching off equipment when not in use. The
use of light emitting diode (LED) lights, timer
and motion detectors will also result in significant reduction in energy expenditure [30–32].
According to Kagoma and colleagues, operating
theatres are almost always unoccupied up to
40% of the time over a 24-h period [33]. The
Providence St. Peter Hospital, Washington
reduced energy consumption by reducing its
ventilation system output by 60% during
unoccupied times [34].
Sensible ways to reduce the amount of waste
generated should also be considered. Referring
again to Fig. 1a and b, a major contributor to
waste is plastic packaging, with the majority of
the equipment being placed in plastic containers and double wrapped. The use of polypropylene plastic blue sterile wrap is not only
damaging to the environment but will also
concur a substantial disposal cost. There is an
opportunity to work with industries to reduce
the amount of waste derived from a single
operation [33]. Understandably, ophthalmic
surgeons have specific equipment they prefer
for a certain surgical procedure, hence the
existence of single packaging disposable surgical
equipment, individually packed gloves and

gowns according to size. Perhaps the creation of
a surgeon-tailored pack with preferred equipment, gloves of their size and disposable gowns
could reduce the amount of double packaging
of each product.
Bartl [35] suggested that the reuse of materials is equally as effective at reducing waste as it
avoids the side streaming of waste generated
through recycling and occurs before the endstage of material is reached. Kwakye and colleagues reported that switching from disposable
to reusable surgical gowns in a single hospital
led to a waste reduction of 23,000 kg of carbon,
saving the hospital 60,000 USD over a
12-month period [36]. In a review article published by Guetter in 2018, decisions whether to
use disposable or reusable materials such as
drapes and surgical gowns are based on available scientific data and cost based on region,
country, culture and customs. Data relating to
infection rates is still controversial and more
comparative studies are needed to look at savings and expenditures relating to reusable items
[30]. Indeed, one can argue that the environmental impact of laundering of reusable textiles
could potentially be more significant, especially
when paired with harmful laundry chemicals
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and inefficient ageing hospital infrastructure
(water and energy). The benefits of reuse of
surgical equipment are also disputable because
of the hidden costs associated with storage,
damage of equipment in the process of sterilisation and instrument handling, and the risk of
cross-contamination e.g. Creutzfeldt–Jakob disease (CJD), especially in vitreoretinal surgery
when neural tissues are involved [37].
According to Southorn et al. [38] each operating room has the potential to produce up to
2300 kg waste every year, with almost 80% of
the total waste generated preoperatively. This is
variable depending on the surgical specialty,
type of procedure, duration of surgery and surgeon preference of instruments and equipment.
The amount of waste generated also differs from
one country to another, more so in higher
income countries [32]. Waste segregation is
important especially in healthcare not only
from an ecological standpoint but also economical one as clinical waste is the most
expensive to treat [30].
As of 2013, a meaningful recycling programme has taken place in about 80% of Australian hospitals, about 50% in the USA but less
than 10% in the UK [32]. This difference may be
due to varying abilities to segregate waste
because of strict infection control rules and fear
of contamination, leading to incineration of
potentially recyclable items [38]. In a survey
published in 2012, only 11% (n = 780) of participating anaesthetists from Australia, New
Zealand and England agreed that adequate
recycling occurred in their theatre [39]. Of
course, recycling also comes with its cost; the
impact of carbon emissions from collection,
sorting and reprocessing needs to be considered.
Furthermore, a significant proportion of recycled paper, scrap metal, with approximately
70% exported to China and Hong Kong in 2016,
led China to impose a ban on waste imports.
This raises questions about sustainability of
recycling [32, 35]. In 2015, McGain and colleagues published a cohort study reporting that
recycling did not lead to additional costs and
that the overall impact of recycling (although
savings may be small) may be magnified if
adapted by the national healthcare system [40].
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‘Green initiatives, incentives or awards’ may
encourage surgeons and administrators to rethink the global and financial impact of the
unnecessary waste produced [31]. Perhaps ophthalmologists can be invited to participate in an
innovative competition to design a surgeontailored instrument pack based on each subspecialty in ophthalmology to best cut down
unnecessary waste and cost, whilst maintaining
patient safety.
As pre-existing literature on environmental
impact on current ophthalmic practices is
scarce, more research and publications are needed to help map out the carbon footprint of
various eye care services especially relating to
cataract surgery and glaucoma care in the
community [7]. More data is needed on environmental impacts of healthcare activities, life
cycle analysis of materials, and cost analysis.
Innovative design of devices that minimise
environmental impact whilst maintaining
standard of care would also be useful [33].

RESTRUCTURING OPHTHALMIC
DELIVERY OF CARE
Ophthalmology is one of the busiest specialties
in the NHS with a predicted increase in demand
by 30–40% over the next 20 years [41, 42]. As of
2019, primary care referrals have increased by
12% from 2013 to 2014. In England and Wales,
approximately 2.5 million people 65 years and
above have visual impairment related to cataracts leading to an increasing need for outpatient
services. The demand for cataract surgery is
predicted to rise by 50% in the next 20 years
from year 2017. Glaucoma is the most common
cause of visual impairment in people over
70 years old and is predicted to rise by 44% over
the next 15 years [43]. Up to 20% of new referrals are for ‘suspected glaucoma’ and the number of ‘false positive’ referrals has increased
following the introduction of the first National
Institute for Clinical Excellence (NICE) glaucoma guideline [44, 45]. Inappropriate referrals
to the outpatient ophthalmology service are
estimated to be between 20% and 65% [46–48].
This leads to unnecessary costs, capacity issues,
travel-associated
carbon
emission,
and
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unnecessary (clinical and non-clinical) waste
production. Filtering schemes like the Manchester
Glaucoma
Enhanced
Referral
Scheme (GERS) have resulted in a 53% reduction in false positive referrals between April
2013 and November 2016, whilst maintaining
clinical efficacy with no cases of missed glaucoma or non-glaucomatous pathology [49, 50].
More Local Delivery of Care
As large quantities of greenhouse gases are
generated by patients travelling to access hospital-based healthcare, smaller treatment centres or screening hubs for patients with chronic
eye conditions like AMD could be established
peripherally in a number of locations, reducing
transport-associated carbon emission. The
challenge associated with delivering care in this
way is the initial investment required, especially
when such schemes may not offer a financial
saving [51]. As the NHS moves to a populationfocused planning and delivery of healthcare
through the Integrated Care Systems there is an
opportunity for such services at a regional level.
Furthermore, an upskilled optometry workforce
provides the opportunity for care to be delivered from optometry practices already located
across towns, cities, and suburban areas offering
convenient and closer-to-home locations. This
approach again aligns with the NHS England
care closer to home strategy, providing a number of benefits not least the reduction in patient
miles. Many community optometrists have
taken up training to provide extended care services to patients, allowing continuing professional development for particular clinical
interests, whilst offering additional income
generation under their NHS contracts. Nationally, optometrists who specialise in certain areas
of ophthalmology and ophthalmic specialist
nurses are already undertaking outpatient
appointments and intravitreal injections
respectively. These new models of care would
provide care closer to where patients live and
often located by public transport routes with
opportunities to walk or cycle, thereby significantly reducing patient miles.
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Teleophthalmology/Health Information
Technology
The use of teleophthalmology and health
information technology can help save time,
energy and raw materials like paper and plastic
and their subsequent impact on the environment and our planet [52]. The collaborative
effort of the Teleophthalmology Network in
Scotland is one example of this approach. By
supporting optometric practices to utilise
smartphones attached to slit lamps, enabling
ocular biomicroscopic videography, ophthalmologists are able to view a patient’s examination features in real time without the patient
attending, thereby streamlining the ophthalmic
triaging system [53]. Purohit and colleagues
published a systematic review targeting transport-associated emissions and found that the
carbon footprint saved using telemedicine ranges between 0.7 and 372 kg CO2eq per consultation [54]. Sharafeldin and colleagues
undertook a review on economic evaluation
that supports evidence of cost-effectiveness of
teleophthalmology on chronic conditions like
diabetic retinopathy and glaucoma [55]. An
audit carried out in Western Australia consisting
of 709 patients found that they were able to
correctly diagnose 95% of patients via remote
consultations and saved over 10 days of outreach clinics for 287 patients with cataract seen
and managed [56]. The use of teleophthalmology or virtual consultations have exponentially
increased during the COVID-19 pandemic, to
provide outpatient appointments in a way that
usual change management cycles would have
taken significantly longer to achieve. Although
this was not suitable for all patients and types of
appointment, it helped keep in-person hospital
attendances to a minimum, whilst reducing
patient miles travelled. Older patients may
struggle with the not-so-traditional way of
healthcare provision and the initial learning
curve of telemedicine. Obtaining accurate visual
acuity and clinical examination for future
comparison may be difficult and is no substitute
for face-to-face clinical examination. Nonetheless, with the advancement of technology,
teleophthalmology offers an opportunity to
deliver some suitable services remotely and
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provides a way to reduce the carbon footprint of
services whilst allowing access to care in geographically isolated areas [57, 58].
Home Tele-screening
The emergence of a variety of home devices for
the monitoring of visual acuity, visual fields,
and intraocular pressure for conditions such as
diabetic retinopathy, AMD, and glaucoma also
present as a movement away from traditional
clinic visits and towards sustainability [59–63].
In particular, ForeseeHomeTM (conducts preferential hyperacuity perimetry for monitoring
AMD) [64], myVisiontrackTM (uses shape discrimination hyperacuity testing in AMD and
diabetic retinopathy) [65], and AlleyeTM (detects
neovascular AMD and distinguishes between
dry and wet AMD) [66] are US Food and Drug
Administration (FDA) approved platforms for
monitoring patients. Integration of these
applications within existing monitoring programmes could help in substantially reducing
carbon footprints.
Artificial Intelligence
The application of artificial intelligence (AI)
approaches such as deep learning (DL) to ophthalmic imaging, including digital fundus photographs and visual fields, has been reported to
achieve high accuracy in automating the
screening and diagnosis of common visionthreatening
diseases
including
diabetic
retinopathy [67–69], glaucoma [70–72], AMD
[73, 74], and retinopathy of prematurity (ROP)
[75]. A DL algorithm system developed by
Abramoff et al., IDx-DR, has received FDA
approval since 2018 for the detection of morethan-mild diabetic retinopathy in adults without physician-assisted interpretation [76].
Combining the use of ‘imaging hubs’ and AI
technology would therefore be as a valuable
adjunct in the mission towards improving sustainability in ophthalmology.
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PROMOTING ENVIRONMENTAL
SUSTAINABILITY
The International Agency for the Prevention of
Blindness (IAPB) declared a climate emergency
on the 22 April 2021 and released key resources
that feature how the ‘Eye Health Sector’ can
contribute to environmental sustainability. The
key areas for actions which organisations can
focus on to promote sustainability include
acknowledging the climate emergency, the
development of local and international frameworks, setting targets for carbon emission
reduction, raising awareness, development of
sustainable procurement policies whilst working with suppliers, reducing use of energy and
water, minimising travel, reducing waste generated and finally implementing environmental
sustainability in education [8, 77–79].
Both the General Medical Council (GMC)
and Nursing and Midwifery Council (NMC) in
the UK now require newly qualified doctors and
nurses to be informed about sustainable
healthcare and apply its principles and methods
to their clinical practice [80, 81]. To promote
this, medical schools in the UK have already
begun to incorporate lectures and student-selected modules on sustainable healthcare into
their curriculum [82]. Optical governing bodies
including Association of Optometrists (AOP),
Association of British Dispensing Opticians
(ABDO), and General Optical Council (GOC)
are also prioritising sustainability, evident by
the organisation of the forthcoming ‘SEE Summit’ [83].
The Centre for Sustainable Healthcare has
described five principles for practising sustainable healthcare. The principles comprise prevention,
patient
empowerment
(health
promotion and education), lean pathways
(telecommunication), low-carbon alternatives
(e.g. avoiding use of greenhouse gases such as
nitrogen oxide), and operational resource use
(e.g. reducing packaging and water consumption) [84]. These could be integrated into postgraduate training and education for doctors and
allied health practitioners, in the form of online
short courses and induction modules [85],

Ophthalmol Ther (2021) 10:845–857

further supporting the drive towards sustainable
healthcare.

CONCLUSION
The use of disposable equipment and instrumentation has been increasing proportional to
the increase in demand on ophthalmic services
and the increase in emphasis on safety, especially in developed countries. There is action we
could take to reduce the environmental impact
generated from our services whilst maintaining
the highest standards of safety and care to our
patients. It is vital for clinicians, healthcare
professionals and their managerial teams,
manufacturers and pharmaceutical companies
to realise the cumulative waste generated and
the harmful impact they cause the environment, public health, long-term morbidity and
the life of our future generations.
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