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Accelerating the path to sustainable robotic surgery
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Recent evidence suggests that the increased
environmental impact of robotic assisted surgery (RAS)
may not sufficiently offset its clinical benefits, with
RAS estimated to generate 43% higher greenhouse
gas emissions and 24% higher waste production than
laparoscopic alternatives'. Adoption has expanded
rapidly, although robotic surgery offers advantages
where enhanced precision, shorter recovery, and lower
complication rates are required. In certain operations,
these gains have been used to offset and justify increased
resource consumption and environmental impact.
However, while some robotically delivered procedures
demonstrate benefits over open or
laparoscopic approaches, many high volume,
complexity procedures have not been proven to deliver
such benefits and the additional environmental burden
may prove difficult to justify?>.

conventional
low

As use of RAS increases, reduction of its environmental
footprint is possible with advances in robotic technology
are likely to play a central part. As systems become more
widespread, competition among manufacturers should
stimulate innovation that improves energy efficiency,
manufacturing processes, and instrument reusability.
Calls from healthcare providers to extend the lifespan
of nominally single use instruments may also encourage
design for greater durability and repeated use*S.

With growing surgical experience, procedural efficiency
tends to improve, with shorter operating times, lower
energy consumption, and reduced reliance on disposable
equipment’. These trends mirror the evolution of

laparoscopic surgery, which initially depended heavily
on single use instruments, incurred higher costs, and
involved longer procedures’. Within the Dutch GreenCycl
initiative, these instruments are now decontaminated and
components are harvested and reused in several pilots.
Realising this potential requires sustained innovation and
a commitment to sustainable practices within healthcare
institutions and among manufacturers of robotic systems.

Individual surgeons cannot deliver large scale change
alone, yet each has an important role in reducing the
environmental impact of robotic surgery. Surgeons exert
influence throughout the healthcare pathway, from the
operating theatre to procurement discussions. They
should act as informed advocates for sustainability,
educating colleagues and promoting awareness within
surgical teams and across organisations. Harris et al.
reported a substantial gap in sustainability education,
with only 12% of respondents having received training
in environmental sustainability, despite 85% expressing
interest®. Thisfinding underlines the need to fostera culture
of sustainability that empowers colleagues, trainees,
and other healthcare staff to prioritise environmentally
responsible practice. By systematically reporting waste
and inefficiencies observed during procedures, surgeons
can provide insights to decision makers, procurement
teams, and hospital administrators. This type of bottom
up feedback generates tangible data on waste generation
and workflow inefficiency®. Professional societies
and conferences should support this agenda through
evidence based research that clarifies the environmental
consequences of surgical choices.
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Greater use of reusable instruments, standardisation of
procedure specific sets, and promotion of sustainable
instrument production will all have influence. Prioritising
durable, multi-use
manufacturers, who can refine sterilisation methods
and develop modular designs,
lifespan and reduces waste10-12. By sharing expertise
and emphasising precision and efficiency, experienced
robotic surgeons can support the spread of habits that
lower resource use and improve practice. These actions
should be complemented by a commitment to research
directed at reducing the environmental footprint of
robotic surgery, to generate robust recommendations for
clinicians and policy makers'.

instruments in collaboration with

extends instrument

Careful case selection and systematic study of the
environmental consequences of different approaches
are essential if the ecological impact of robotic
surgery is to be minimised'. Surgeons should assess
whether robotic surgery is necessary or whether a
less resource intensive option, such as laparoscopy or
open surgery, could achieve equivalent clinical results
without increasing the carbon footprint, waste, power
consumption, or instrument use'. Selecting cases
that are well suited to robotic techniques and avoiding
complications that necessitate intraoperative conversion
can further limit Training
programmes that improve surgeons’ robotic skills may
reduce technical complications and associated waste.
Comparative studies of robotic, laparoscopic, and open
procedures will provide further data into both clinical
and environmental outcomes and will support patient
centred decision making®. In parallel, research into the
features of robotic instruments that most contribute to
tissue manipulation may enable the development of new
sustainable instruments that deliver improved function
without the need for a robot or electric actuation.

resource consumption.

Progress towards sustainability in robotic surgery
requires coordinated action from multiple stakeholders.
Engagement from the RAS industry is essential, with
early efforts already directed at extending instrument
lifespan and developing modular designs with
replaceable components to reduce waste. Companies
must lead in sustainable manufacturing, including use
of environmentally preferable materials and optimised

energy use during production’. As hospitals increasingly

incorporate sustainability into procurement criteria,
manufacturers will need to adopt such practices to
remain competitive. Hospital
operating theatre leadership are equally important,
because they can embed sustainability in routine practice
through training, adoption of reusable equipment,
and procurement policies that favour environmentally
responsible products. Patients benefit from these efforts,
which aim to lessen healthcare’s environmental impact
while maintaining or improving quality of care. Regulation
experts must help ensure that regulations permit circular
use of materials. Sterilisation specialists should optimise
decontamination processes,
makers should evaluate long term cost savings from
sustainable strategies.

administrations and

and financial decision

Approaches to mitigating the environmental impact
of robotic surgery differ across countries and health
systems, shaped by funding models, infrastructure,
cultural priorities, regulation, and access to technology.
The Netherlands, ltaly, and the UK have shown early
commitment to sustainability in this field. For example,
a collaborative project between the Netherlands and
the UK on decontaminating and recycling robotic
instruments found that replacing single use plastic arm
covers with reusable drapes could substantially reduce
waste. However, in settings with fewer resources or
limited awareness of sustainability, financial constraints
and regulatory barriers may impede implementation
of advanced sustainable practices. These differences
indicate the need for adaptable and scalable strategies
that can be tailored to local conditions, with leading
centres acting as exemplars to promote wider adoption'”.

The integration of a computer interface between
surgeon and patient, through advanced visualisation,
enhanced instrumentation, data capture with artificial
intelligence (Al), telepresence, and robotic platforms,
has the potential to improve surgical precision and
outcomes while supporting sustainability objectives’®.
Advanced visualisation can increase accuracy, reduce
error, and limit the need for additional procedures and
materials. Al assisted systems may optimise energy use
in real time, including in electrosurgical devices, thereby
reducing waste and energy demand’. Telepresence
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can decrease travel for surgeons, patients, and teams,
lowering the carbon emissions associated with transport
and widening access to care. Robotic platforms can
streamline operations, improve precision and efficiency,
and reduce unnecessary use of consumables. Digital
systems that monitor material flow can provide insight
into consumption and waste, and several platforms are
now available that support real time waste reduction in
the operating theatre.

For robotic surgery to become more sustainable,
technological innovation must be accompanied by a
shift in collective values and practice. With growing
awareness, stronger evidence, and concerted action,
the field of robotic surgery can move towards a greener
future in which sustainability is recognised as integral to
high quality patient care.

Author details: Joshua Richard Burke ORCID ID: 0000-0003-
4027-747X @_JoshBurke_; Pedro Botelho ORCID ID: 0000-0002-
3290-7569 @pedbotel; Tim Horeman-Franse ORCID ID: 0000-
0002-8527-4486

Funding Statement: This editorial received no specific grant from
any funding agency in the public, commercial, or not-for-profit
sectors.

Conflicts of Interest Statement: The authors declared no potential
conflicts of interest with respect to the research, authorship, and/or
publication of this article.

Author Contributions: JRB, PB & TH drafted and critically revised
the editorial. All authors reviewed the final manuscript and approved
it for submission. The corresponding author attests that all listed
authors meet authorship criteria and that no others meeting the
criteria have been omitted.

References

1. Papadopoulou A, Kumar NS, Vanhoestenberghe A, Francis
NK. Environmental sustainability in robotic and laparoscopic
surgery: systematic review. Br J Surg. 2022 Oct;109(10):921-
932. doi: 10.1093/bjs/znac191.

2. Huo B, Eussen MMM, Marconi S, et al. Scoping review for the
SAGES EAES joint collaborative on sustainability in surgical
practice. Surg Endosc. 2024.

3. Johnson SM, Marconi S, Sanchez-Casalongue M, et al.
Sustainability in surgical practice: a collaborative call toward
environmental sustainability in operating rooms. Surg Endosc.
2024;38:4127-4137. doi: 10.1007/s00464-024-10962-0.

10.

1.

12.

13.

14.

15.

van Straten B, Tantuo B, Dankelman J, Weiland NHS,
Boersma BJ, Horeman T. Reprocessing Zamak laryngoscope
blades into new instrument parts; an ‘all-in-one’ experimental
study. Heliyon. 2022 Nov;8(11):e11289. doi: 10.1016/.
heliyon.2022.e11289.

van Straten B, Dankelman J, Van der Eijk A, Horeman T. A
circular healthcare economy: a feasibility study to reduce
surgical stainless steel waste. Sustain Prod Consum.
2021;27:169-175. doi: 10.1016/j.spc.2021.02.010.

van Straten B, van der Heiden DR, Robertson D, et al.
Surgical waste reprocessing: injection molding using recycled
blue wrapping paper from the operating room. J Clean Prod.
2021;322:129121. doi: 10.1016/j.jclepro.2021.129121.

Future of Surgery Commission. Future of Surgery: Technology
Enhanced Surgical Training: Report of the FOS Commission.
2022 Aug. doi: 10.1308/FOS2.2022.

Harris H, Bhutta MF, Rizan C. A survey of UK and Irish
surgeons’ attitudes, behaviours and barriers to change
for environmental sustainability. Ann R Coll Surg Engl.
2021;103(10):725-729. doi: 10.1308/rcsann.2021.0271.

Guetter CR, Williams BJ, Slama E, et al. Greening the
operating room. Am J Surg. 2018;216(1):169-172. doi:
10.1016/j.amjsurg.2018.07.021.

Ludwig WW, Gorin MA, Ball MW, Schaeffer EM, Han M, Allaf
ME. Instrument life for robot-assisted laparoscopic radical
prostatectomy and partial nephrectomy: are ten lives for most
instruments justified? Urology. 2015 Nov;86(5):942-945. doi:
10.1016/j.urology.2015.05.047.

Chan KS, Lo HY, Shelat VG. Carbon footprints in minimally
invasive surgery: good patient outcomes, but costly for
the environment. World J Gastrointest Surg. 2023 Jul
27;15(7):1277-1285. doi: 10.4240/wjgs.v15.i7.1277.

Lenssen T, Dankelman J, Horeman T. The sata-drive: a
modular robotic drive for reusable steerable laparoscopic
instruments. IEEE Trans Med Robotics Bionics. 2023;5:123-
134. doi: 10.1109/TMRB.2023.000012.

Lenssen T, Dankelman J, Horeman T. SATA-LRS: a modular
and novel steerable hand-held laparoscopic instrument
platform for low-resource settings. Med Eng Phys.
2022;101:103760. doi: 10.1016/j.medengphy.2022.103760.

Sathe TS, Alseidi A, Bellato V, et al. Perspectives on
sustainability among surgeons: findings from the SAGES-
EAES sustainability in surgical practice task force survey. Surg
Endosc. 2024. doi: 10.1007/s00464-024-11137-7.

Cunha MF, Pellino G. Environmental effects of surgical
procedures and strategies for sustainable surgery. Nat Rev

243



16.

Gastroenterol Hepatol. 2023;20:399-410. doi: 10.1038/
s41575-022-00716-5.

Digital Surgery Working Group, Ali JT, Yang G, Green CA,
et al. Defining digital surgery: a SAGES white paper. Surg
Endosc. 2024 Feb;38(2):475-487. doi: 10.1007/s00464-023-
10551-7.

244



