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The imperative for sustainability in healthcare continues to grow.
Intravitreal injections (IVIs) have become a cornerstone of eye
care services, and are increasing in number year on year [1]. This
therefore represents a key area where environmentally conscious
practices can and should be implemented. While carbon
emissions relating to infrastructure and travel have been a key
focus of sustainability efforts, addressing procedural waste
from IVIs represents a “low hanging fruit” that warrants equal
attention [2].

At the Oxford Eye Hospital (OEH), we have deployed strategies
to reduce the environmental footprint of IVI services by
addressing both travel-related emissions and procedural prac-
tices. OEH serves a population of over 800,000 people living in
Oxfordshire, and covers a geographical area spanning approxi-
mately 2600 km? This comprises one tertiary centre and an
outreach clinic in a peripheral hospital with enhanced imaging
services, to facilitate virtual reviews and increased capacity for IVI
clinics while reducing patient travel. Same-day bilateral IVIs are
offered where indicated.

We have implemented stepwise changes in the standard
operating procedure (SOP) for IVIs at OEH over the last eight years
(Fig. TA), representing a gradual move towards a sustainable
approach to performing IVIs which was always backed by current
literature and proved to be safe [2]. This includes cessation of
postoperative topical antibiotics and periocular skin cleaning with
povidone iodine, the optional omission of a surgical drape and lid
speculum, and the use of non-sterile gloves in place of sterile
gloves. Intravitreal packs are no longer in routine use.

Our minimalist approach involves only the application of
topical anaesthetic followed by povidone iodine drops in the
conjunctival sac. Injectors are offered a single-use lid speculum
and a sterile towel on which to place any instruments required, if
they so wish. Many injectors opt not to use a lid speculum,
instead using their fingers to gently retract the upper and/or
lower lid, followed by IVI administration. The injection site
3.5-4.0 mm from the limbus is marked by the needle cap, which
has a diameter of 4.0 mm, negating the use of a calliper (Fig. 2).
Injections are performed in two adjacent outpatient clean rooms
by a single injector.

We audited all consecutive IVIs administered in our outpatient
injection suites between 1 January 2016 and 31 December 2024.
We aimed to evaluate the environmental impact and safety (in
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terms of postoperative endophthalmitis rates as defined in [3]) of
our updated IVl SOP. Pseudonymised data were extracted from
the departmental electronic medical record system. To ensure
data fidelity, diagnoses of post-IVI endophthalmitis were cross-
referenced against local incident reporting logs.

Overall, 120,878 IVIs were performed in 12,044 eyes (9517
patients) over the study period. The number of IVIs increased
between 2016 and 2024, apart from a slight dip during the Covid-
19 pandemic in 2020. Annual numbers have risen from 8237 in
2016 to 21,828 in 2024, representing a 265% increase, high-
lighting a need for sustainable resource planning and service
delivery models to accommodate the ever-growing demand.

Figure 1B shows local practice patterns following the change in
SOP, with increasing adoption of the drape-free and speculum-
free approach to injections over time. A standard intravitreal pack
of the variety previously used at the Oxford Eye Hospital produces
143.2 g of waste (134.3 g of plastic, 1.1 g of metal, and 7.8 g of
gauze) [4]. This means that applying our new SOP to the 21,828
IVIs performed over the most recent 12-month period in 2024
would have reduced waste generation by up to 3138 kg. Cost
savings are estimated at £150,000-£180,000 per annum for the
same volume of injections (for the intravitreal packs and gloves).
Actual savings will vary depending on supplier pricing and
commercial agreements.

There were 31 cases of post-injection endophthalmitis across
the 9-year study period, giving an endophthalmitis rate of
0.026%, which was comparable to the incidence rate from a
regional audit with standard conservative injection practices
(0.024%) [3], and lower than that reported in meta-analyses of
international studies (0.049-0.056%) [5, 6]. We excluded two cases
with atypical presentations which were initially managed with a
‘tap-and-inject’ procedure in case of endophthalmitis but were
attributed to medication-related inflammation. The endophthal-
mitis rates in the drape and lid speculum group (19/67316,
0.028%), lid speculum-only group (9/41509, 0.022%), and no
drape or lid speculum group (3/12053, 0.025%) were not
significantly different (p =0.81, chi-squared test). There was no
clear relationship between our stepwise changes in the injection
SOP and the endophthalmitis rate, which demonstrated annual
fluctuations independent of these changes (Fig. 1C).

We have presented a safe and evidence-based approach to
minimising procedural waste for IVls, which was performed in a
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Evolution of intravitreal injection standard operating protocol, uptake of proposed changes, and safety outcomes at the Oxford

Eye Hospital from 2016-2024. A Stepwise changes in the standard operating protocol for intravitreal injections at the Oxford Eye Hospital;
B corresponding changes in the total number of intravitreal injections performed over time (line chart), together with the proportion of
injections performed without a drape and speculum, or without a drape only (lid speculum alone) (bar chart); and C post-injection
endophthalmitis rates per annum over the same period of time.

Fig. 2 A minimalistic intravitreal injection technique that does not require the use of an intravitreal pack. A aseptically withdrawing the
drug through a filter needle (an additional step which is unnecessary for pre-filled syringes), B attaching the syringe to a needle, C marking the injection
site with the needle cap in place of callipers, D manual lid retraction demonstrating the mark, E manual lid retraction with delivery of intravitreal
injection, F post-delivery of intravitreal injection. Written informed consent for photography was obtained from the patient.
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stepwise manner, thus facilitating robust audit and feedback
mechanisms. Our findings are corroborated by separate reports
from the literature, where the omission of periocular cleaning,
drapes, lid speculums [7-9], and/or switching to non-sterile
gloves [10] either singly or in varying combinations was not
associated with an increased risk of endophthalmitis [2].

Surveying patients about their experience would provide a
more holistic perspective of these changes, though anecdotally,
most patients prefer drape-free and speculum-free injections. This
aligns with results from a previous survey, which outlined that
drapes and speculums were the most uncomfortable part of the
procedure outside of the injection itself [11]. We estimate from
our personal experience that 3-5% of patients will continue to
require lid speculums due to orbicularis oculi overaction, patient
preference, and/or intravitreal implants such as Ozurdex® and
lluvien®. In addition, while most of our injectors welcomed the
changes in the injection SOP, some injectors may still continue
with lid speculums due to personal preference.

Overall, our minimalistic approach to performing IVIs offers a
practical pathway towards sustainability without compromising
patient safety, which is especially important in the context of the
growing demand for IVIs. For a truly sustainable injection service,
we must also consider broader aspects such as building energy,
water consumption, patient and staff travel, and the environ-
mental impact of drug and material manufacture and procure-
ment [2]. Addressing these factors holistically will further optimise
our carbon footprint and contribute to a more sustainable future.

DATA AVAILABILITY
Data analysed during this study are included in this published article. More specific
information is available from the corresponding author on reasonable request.

REFERENCES

1. Chopra R, Preston GC, Keenan TDL, Mulholland P, Patel PJ, Balaskas K, et al.
Intravitreal injections: past trends and future projections within a UK tertiary
hospital. Eye (Lond). 2022;36:1373-8.

2. Ong AY, Birtel J, Charbel Issa P. Greener intravitreal injections: a narrative review.
Eye. 2024;38:2874-9.

3. Ong AY, Rigaudy A, Toufeeq S, Robins J, Shalchi Z, Bindra MS, et al. Intravitreal
injections as a leading cause of acute postoperative endophthalmitis—a regional
survey in England. Eye. 2023;37:163

4. Birtel J, Hommer M, Feltgen N, Pauleikhoff L, Ong AY, Geerling G, et al. Intravi-
treal injections: improving sustainability by reducing clinical waste. Klin Monbl
Augenheilkd. 2024;241:1156-62.

5. Fileta JB, Scott IU, Flynn HW. Meta-analysis of infectious endophthalmitis after
intravitreal injection of anti-vascular endothelial growth factor agents. Oph-
thalmic Surg Lasers Imaging Retin. 2014;45:143-9.

6. McCannel CA. Meta-analysis of endophthalmitis after intravitreal injection of
anti-vascular endothelial growth factor agents: causative organisms and possible
prevention strategies. Retina. 2011;31:654-61.

7. Munro M, Williams GR, Ells A, Fielden M, Kherani A, Mitchell P, et al. Lid splinting
eyelid retraction technique: a minimised sterile approach for intravitreal injec-
tions. Br J Ophthalmol. 2018;102:1254-8.

Eye (2025) 39:2489 - 2491

AY.Ong et al.

8. Fineman MS, Hsu J, Spirn MJ, Kaiser RS. Bimanual assisted eyelid retraction
technique for intravitreal injections. Retina. 2013;33:1968

9. ChenY, Shah GK, Shah V, Blinder KJ, Jeroudi AM, Leonard A, et al. Outcomes and
practice preferences after endophthalmitis following anti-VEGF intravitreal
injection. J Vitreoretina Dis. 2019;3:411-9.

10. Stem MS, Rao P, Lee 1), Woodward MA, Faia LJ, Wolfe JD, et al. Predictors of
endophthalmitis after intravitreal injection: a multivariable analysis based on
injection protocol and povidone iodine strength. Ophthalmol Retin. 2019;3:3-7.

11. Tailor R, Beasley R, Yang Y, Narendran N. Evaluation of patients’ experiences at
different stages of the intravitreal injection procedure - what can be improved?.
Clin Ophthalmol. 2011;5:1499-502.

ACKNOWLEDGEMENTS
We thank Jonathan Molton from the Medisoft Bl team for his help with data
acquisition.

AUTHOR CONTRIBUTIONS

AYO and PCI designed the study. AYO and TMWB obtained the data. AYO performed
data analysis and interpretation and prepared the first draft of the manuscript, which
was critically reviewed and revised by all authors (AYO, TMWB, JB, SdS, NS, PCI).

FUNDING
Open Access funding enabled and organized by Projekt DEAL.

COMPETING INTERESTS

The authors declare no competing interests.

ADDITIONAL INFORMATION

Correspondence and requests for materials should be addressed to
Peter Charbel Issa.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecom-
mons.org/licenses/by/4.0/.

© The Author(s) 2025

SPRINGER NATURE


http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Towards greener intravitreal injections: the Oxford Eye Hospital experience
	Data availability
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




