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Background: The healthcare industry contributes
nearly 5% of worldwide carbon emissions. In an effort
to mitigate this impact, urology practices can take
steps to reduce their carbon footprints. We conducted
a systematic review which aimed to summarise the
current literature on the environmental impact of
urologic-related care.
Methods: A systematic literature review evaluating
the impact of urologic procedures, telehealth and con-
ferences/interviews was conducted on PubMed and
Cochrane databases using a Boolean search strategy
and the following search terms: urology, planetary
health, environmental impact, carbon emissions, car-
bon footprint, and waste. Full-text articles published
in English were included and reviewed by two inde-
pendent reviewers. The studies were grouped into three

categories: surgical/procedural, telehealth, and confer-
ence/interview travel.
Results: The initial search yielded 318 studies, of
which 62 full-text manuscripts were reviewed. Of these,
22 studies met criteria for our systematic review: 13
surgical/procedural, 5 telehealth, 4 conference/interview
travel. Most surgical/procedural studies compared the
carbon footprint of flexible cystoscopy vs. disposable
cystoscopy and found that disposable cystoscopy had
a favourable environmental impact. The telehealth and
conference/interview articles concluded that virtual set-
tings significantly reduced environmental impact.
Conclusions: An increasing body of literature has eval-
uated the impact of urologic care on planetary health
and demonstrated opportunities to minimise our carbon
footprint. Incorporating changes to common procedures
and considering virtual formats for clinics, conferences,
and interviews—even in part-confers environmental
benefits. Efforts to adopt greener and more sustainable
practices in urology are necessary to mitigate the threat
to planetary health.

Key Words: sustainability, waste, carbon emissions,
urologic practice

Introduction

Climate change is an increasing global threat. Many
factors contribute to detrimental effects on the envi-
ronment and accelerated rates of global warming. The

environmental impact of various industries has fallen
under scrutiny, with healthcare being no exception. It
is estimated that at least 5% of worldwide greenhouse
gas emissions are attributable to healthcare systems.1

Specifically, operating rooms represent a resource-
intensive area that is characterised by high energy
use and waste generation.2 Additional contributors
to healthcare’s carbon footprint include patient and
staff travel, electricity use, chemicals for sterilisation
and reprocessing, waste management and the climate
control of healthcare facilities.3
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With the increasing concerns surrounding the
environmental impact of healthcare, an emerging
body of literature has emerged to examine the impact
of urologic care on planetary health. Surgical care
is often resource-intensive, with urologic care being
no exception. As the need for urologic care grows
with an ageing population, we must be conscientious
of our contributions and make adjustments wher-
ever we can. We present a comprehensive systematic
review of the current literature, analysing the impact
of various factors of urologic care on the environment.
Namely, we reviewed literature pertaining to pro-
cedures, telehealth, conferences and interviews. Our
aim is to provide a broad introduction to the topic,
and the selected topics have not been represented in
tandem in other systematic reviews.

Materials and Methods

Literature search
A systematic review was performed to address the
question: “What is the current state of evidence for
the environmental impact of urologic-related care?” A
literature search was performed in November 2024 on
PubMed and Cochrane databases using the follow-
ing initial search terms: ((“environmental impact”)
OR (“planetary health”) OR (“carbon footprint”) OR
(“climate change”) OR (“carbon emission”)) AND
(“urology”).

A second, broader strategy was then used to
ensure that the initial search was comprehensive:
(“waste”) AND (“urology”).

The resulting literature from both searches was
imported into the Covidence systematic review soft-
ware for screening and extraction. One reviewer
first screened studies by title and abstract (Shirley
Ge). Afterwards, two reviewers conducted a full-
text review of the remaining literature (Shirley Ge
and John Hordines). Studies were included if they
assessed urologic procedures, surgeries, conferences,
or interviews, and carbon/environmental emissions
and impact. Studies were excluded if they were not
published in the English language, did not have full
text available, or were not relevant to the theme of
this review. Finally, the findings of the included lit-
erature were summarised. The search was conducted
on November 1st, 2024, without any publication
date limits. The included studies were assessed for
risk of bias and overall applicability utilising the
Quality Assessment with Diverse Studies (QuADS)
appraisal tool.4 One reviewer from the research team
assessed the studies independently by applying the
13-category tool to each manuscript and ascribing a

numeric value of 0–3 on a scale for each category. The
overall score for each article was assessed, and each
included article had an acceptable risk of bias. No
articles were excluded during this process.

This study was conducted in accordance with the
PRISMA 2020 checklist (Supplementary Material S1),
with the accompanying PRISMA 2020 flow diagram
in Figure S1.

Results

The search strategies yielded 318 publications
(Figure 1). After 20 duplicates were removed, 298
studies remained for title and abstract screening.
After final full-text review of 62 studies, 22 studies
met eligibility criteria (Table 1).

Studies were categorised as Surgi-
cal/Procedural (13, 59%), Telehealth (5, 23%), and
Conference/Interviews (4, 18%).

All articles underwent quality assessment using
the QuADS tool. Given the heterogeneity of our
dataset and diversity of study types, a broad inter-
pretation of the study question was used. All articles
included were determined to have an acceptable risk
of bias and were applicable to our study question.

Surgical/procedural investigations
This category was further subdivided into Endo-
scopes (7, 54%), Other Surgical Devices (3, 23%), and
Procedural (3, 23%).

Endoscopes
Endoscope articles consisted of two retrospective
studies,5,6 one prospective study,7 and four life cycle
assessments.8–11 The majority compared the carbon
footprint of flexible vs. reusable cystoscopes and
all but one found that disposable cystoscopy had a
lower environmental impact (Table 1).5,6,8,10,11 While
disposable cystoscopes generate more solid waste,
the carbon footprint for reusable scopes is ultimately
greater after accounting for the production, sterilisa-
tion, and reprocessing of reusable scopes.8 Boucheron
et al. even concluded that converting their practice to
100% disposable scopes would decrease their waste
generation and water consumption while maintain-
ing similar costs overall.5 The only study showing
a favourable impact on reusable cystoscopes was a
lifecycle analysis performed by Kemble et al. The re-
processing technique was cited as the primary driver
of carbon emissions, while acknowledging that vari-
ation in methods between institutions can drive these
differences.9
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FIGURE 1. Flowchart of this study

Other procedural devices
Three studies evaluated other tools or processes
related to urological procedures (Table 1). Misrai et al.
developed a standardised method for estimating the
carbon footprint of disposable minimally invasive
surgical devices (MISDs). In their method, each MISD
was dismantled into its requisite components, and
each piece was sorted into its respective raw mate-
rial group and weighed. Researchers subsequently

applied their method in estimating the carbon emis-
sions of the seven latest MISDs for benign prostatic
hyperplasia (BPH) and found a wide range in esti-
mated carbon emissions. Interestingly, the highest
value was estimated for Rezūm, which generated
carbon emissions equivalent to driving 15 km in an
average petrol car. The lowest value was for a tempo-
rary implantable nitinol device (iTIND) at 76 g CO2.
Thus, their study highlighted the need for increased
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awareness of surgical device carbon footprints and
the urgency for implementing recycling programs
and greener manufacturing processes.12

In the second study, Fuschi et al. compared the
environmental impact of laparoscopic vs. robotic rad-
ical prostatectomy in a prospective multicenter study.
Robotic surgery ultimately generated less CO2 than
laparoscopy (47 kg vs. 60 kg) because robotic surgery
used more reusable instruments and required shorter
operative times and hospital stays. The authors
concluded that further innovation should focus on
improving hospital infrastructure to increase the
adoption of robotic surgery over straight laparoscopic
surgery.13

Lastly, the third study by Phull et al. compared
the carbon footprint between same-day admission vs.
inpatient transurethral resection of bladder tumour.
They conducted a retrospective analysis of admin-
istrative data collected by the National Health
Service (NHS) from 2013 to 2022. They found that
compared to the years 2013–2014, the increase in
ambulatory cases in 2021–2022 had a cumulative
estimated saving of 2.9 million kg CO2 equivalents,
which approximately equals the annual electrical
power consumed by 2716 UK homes. Their results
demonstrate the significant potential carbon savings
of hospitals adopting more same-day/ambulatory
surgeries.14

Procedural
The three procedural-focused studies conducted
life-cycle assessments on clean intermittent
catheterisation (CIC), prostate biopsies, and a
perioperative pathway for transurethral resection
of bladder tumours (Table 1). For CIC, Sun et al.
estimated the total amount of waste generated from
single-use CIC in the United States at approximately
85 million pounds of waste annually, equivalent to
80 Olympic-sized swimming pools.15 Single-use CIC
has not been demonstrated to reduce rates of urinary
tract infections, and while they may provide some
limited clinical benefit, the substantial amount of
waste produced calls for a re-examination of their
utility.15–17

For prostate biopsies, the only available study
thus far by Leapman et al. estimated that tran-
srectal ultrasound-guided prostate biopsy, including
prostate magnetic imaging (MRI) and pathology
analysis, emits 80.7 kg CO2 equivalents when both
systematic and MRI-US fusion biopsies were taken.
Reducing the number of unnecessary biopsies would,
in turn, have a calculable environmental benefit.
Specifically, avoiding 100,000 unnecessary biopsies
would save 8.1 million kg CO2, equivalent to 4.1

million litres of gasoline consumed. The authors also
estimated that using prostate MRI to triage biopsies
and guide targeted biopsy cores could substantially
reduce carbon emissions of up to 1.4 million kg CO2

per 100,000 patients by both reducing the number
of biopsies done and the number of cores sent for
pathologic processing.18

John et al. performed a cradle-to-grave life-cycle
assessment of transurethral resection of bladder
tumours at a single center in the United Kingdom.
They found that median greenhouse gas (GHG)
emissions per case were 131.8 kg of carbon dioxide
equivalent.19 This is comparable to a car burning
approximately 15 gallons of gasoline.20 The four major
categories of energy use are determined, namely,
surgical equipment, travel, gas and electricity, and
anesthesia considerations.19 Single-use items for all
processes were found to be the largest contributing
factor to their carbon footprint. Limiting travel for
staff and patients, reducing the use of single-use
items, and avoiding inpatient admission when medi-
cally feasible were all mitigation strategies proposed
by the authors.19

Telehealth and conferences/interviews
The studies evaluating the impact of Telehealth and
Conference/Interviews in Urology examined the car-
bon footprint of virtual clinics and virtual residency
interviews and urological conferences, respectively
(Table 1). Within telehealth, all articles were prospec-
tive environmental impact studies, and each of them
showed, unsurprisingly, that virtual clinics provide
substantial environmental benefits from the reduced
travel to the clinic.21–25 Some even found improved
clinical outcomes and financial advantages to both
patients and providers.21–23 For example, a specialist-
led acute ureteric colic virtual clinic reduced time
from initial presentation to treatment decision to a
median of two days, consequently creating clinic
capacity and minimising the carbon footprint of an in-
person clinic.21 Miah et al. also reported a high patient
satisfaction rate of 90.1% and predicted annual sav-
ings of £56,232 for the National Health Service with
virtual clinics.22 Wong et al. found an average cost sav-
ings of $152.78 per encounter, and 153.36 metric tons
of CO2 were avoided for 6444 virtual encounters.25

Similarly, four studies evaluating virtual
platforms for Urologic conferences and residency
interviews demonstrated, again not unsurprisingly,
that virtual residency interviews and conferences
reduce the carbon footprint and travel costs for
participants. With regard to virtual residency
interviews, the authors calculated that for each
applicant, an average of 6.26 metric tons of CO2
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and $2198 were saved with the all-virtual interview
format during the 2021 interview cycle.26 Most
applicants favored the virtual mode, with 72%
reporting that they would very likely or somewhat
likely recommend it for the future.26 Articles
that evaluated the carbon footprint of urological
conferences showed that conference travel is
associated with significant carbon emissions.27–29

Like the conclusions related to virtual clinics,
removing the need for travel for residency interviews
results in considerable savings for applicants in
addition to substantial improvements in the overall
environmental impact.

Discussion

There is increasing literature evaluating the impact
of urologic-related care on carbon emissions and
waste. These studies are challenging to conduct, par-
ticularly given the multiple domains where carbon
emissions can be measured for surgical and proce-
dural devices—namely, production, processing, and
waste generation. Despite this, the growing literature
and attention toward adopting sustainable practices
and guidelines is paramount.30

Of the studies reviewed, the literature supports
a favourable carbon footprint amongst, single-use
flexible cystoscopes in comparison to reusable cysto-
scopes. One may presume that the waste generation
of the single-use, largely plastic endoscopes generates
substantially more environmental waste. However,
the waste and emissions from the re-sterilisation of
the reusable scopes exceed those of the single-use
scope when considering energy utilisation, water
consumption, and chemical cost/toxicities in sev-
eral studies.5,7,8 One challenge in this space is the
variability amongst institutions in their re-processing
methodologies, and variability in reporting. For
example, Kemble et al. were the only study that found
reusable cystoscopes to produce less CO2 emissions
than single-use scopes, but their institution used an
endoscope-specific reprocessing system and cited a
10-fold decrease in energy requirements per pro-
cessing event compared to similar studies.9 Other
studies, such as that by Baboudjian et al., empha-
sised not only carbon emissions but also other factors
such as environmental and occupational toxicity of
the reagents used.8 Both studies acknowledged that
the generalizability of their results is limited, given
that they looked at specific scope models and indi-
vidual institution re-processing methods. These are
often bound by contractual obligations for the pur-
chase of reagents and equipment, and take into

account other needs within a given hospital system.
Furthermore, single-use cystoscopes have no signif-
icant clinical disadvantages compared to reusable
ones; thus, wider adoption of single-use cystoscopes
should be considered, and/or utilisation of less
toxic, greener chemicals for re-sterilisation of reusable
scopes. The onus will be on both the industry to
develop financially viable, greener technologies for
this purpose and institutions to prioritize minimising
their carbon footprint.

Telehealth and virtual conferences, and inter-
views can provide significant savings in both carbon
emissions and financial costs to both patients and
clinicians by eliminating the need for travel.22–24,26,28

The ability to provide high-quality care to individuals
without the added burden of travel makes telehealth
an attractive and sustainable option. However, the
benefits of in-person evaluation for certain condi-
tions merit appropriate triage and development of
protocols to support efficacious and thoughtful path-
ways within telehealth. Similar considerations must
be made for virtual residency interviews. Although
many urology residency applicants preferred the vir-
tual format in recent years during the period of
the COVID-19 pandemic,26,31 programs in urology
and other specialities are now returning to in-person
interviews. In-person interviews offer benefits for
applicants to tour training sites and potentially aid
programs, and applicants in obtaining a better sense
of an their fit with a program. Nonetheless, the
steep individual financial burden and environmental
impact of in-person interviews cannot be ignored.
Further research on the scope of telehealth and the
urology match process is needed to optimise the
utility of a virtual format for all stakeholders.

Virtual conferences clearly demonstrate a
favourable emissions profile compared to in-person
conferences, although this is at the expense of
limiting the benefits of in-person conferences,
namely, networking and learning about new
industry or products. Given the expense and
tremendous emissions related to conference travel,
environmental considerations should be made, such
as reducing single-use items, offering a remote video
streaming option, and choosing a central location
for participants.27,28 In addition, consideration for
hosting conferences in venues that partner with
organisations with an emphasis on sustainability
should be prioritised.

Potential other opportunities to minimise carbon
emissions include performing robotic surgery over
laparoscopic surgery, scheduling more same-day
transurethral bladder tumour resections over inpa-
tient surgeries, limiting the use of single-use items
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during transurethral surgery, avoiding single-use
CICs, and reducing unnecessary prostate biop-
sies.13–15,18,19 These suggestions arise from single
studies, so further research in different hospital set-
tings would help to better understand the parameters
around these recommendations.

It is notable that none of the included stud-
ies were evaluations of interventions, departmental
policies, or quality improvement initiatives. Further
research should not only continue evaluating the car-
bon footprint of urologic care, but also prospectively
implement previously shown sustainable options.
However, scaling up sustainable practices to reach
effective carbon efficiency will require a cultural
shift in the healthcare industry to fully incorpo-
rate climate-conscious principles.32 This shift would
involve integrating planetary health into clinical
guidelines, stakeholder buy-in, and close collabora-
tion with leadership and administrators.30,32–34

It is worth noting that, overall, there have been
few studies evaluating the impact of urologic care on
planetary health. Our review only yielded 22 stud-
ies. All included studies were published in the last
five years, which could be a reflection of the recent
increased urgency of climate change. The paucity
of studies may also indicate that more standard-
ised methods to measure the carbon footprint of
surgical devices are needed, and that manufacturer
Life Cycle Assessment (LCA) data should be more
transparent.12 Indeed, assessing the environmental
impact of urologic procedures and devices is com-
plex, from analysis of production, processing, and
waste management, each of which contributes in its
own domain. Incorporating environmental impact
considerations when designing new urologic proce-
dures and devices should also be made a common
practice. This should serve as a call to action to
critically evaluate our current practices and consider
a focus on incorporating sustainability, waste min-
imisation, and partnering with industry focused on
carbon neutrality.30

Our study is subject to limitations that are inher-
ent to systematic reviews. Articles published in
non-English languages were excluded, so some envi-
ronmental evaluations, particularly those published
in countries that are not predominantly English-
speaking, may have been missed. Moreover, there
was a possible risk of reviewer bias when screening
and full-text reviewing the literature. Having two
reviewers and pre-defined inclusion and exclusion
criteria aimed to avoid individual interpretation bias.

Conclusions

An increasing number of articles on the impact
of urologic care and planetary health demonstrate
opportunities to minimise the carbon footprint of
common procedures, and the environmental ben-
efit of a virtual format for clinics, conferences,
and interviews. Further research should explore the
environmental impact of urologic care and aim to
implement more sustainable practices and clinical
guidelines. Efforts to adopt greener and more sus-
tainable practices in urology are necessary to mitigate
growing threats to planetary health.
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