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Abstract

Background: The National Health Service (NHS) in England has set a net-zero tar-
get for carbon emissions by 2040. Increasing use of day-case surgery pathways may
help in meeting this target.
Objective: To investigate the estimated difference in carbon footprint between day-
case and inpatient transurethral resection of bladder tumour (TURBT) surgery in
England.
Design, setting, and participants: This was a retrospective analysis of administrative
data extracted from the Hospital Episode Statistics database for all TURBT proce-
dures conducted in England from April 1, 2013 to March 31, 2022.
Outcome measurements and statistical analysis: Day-case and inpatient TURBT proce-
dures were identified and the carbon footprint for key elements of the surgical
pathway was estimated using data from Greener NHS and the Sustainable
Healthcare Coalition.
Results and limitations: Of 209 269 TURBT procedures identified, 41 583 (20%) were
classified as day-case surgery. The day-case rate increased from 13% in 2013–2014
to 31% in 2021–2022. The move from inpatient stays to day-case surgery between
2013–2014 and 2021–2022 demonstrates a trend toward a lower-carbon pathway,
with an estimated saving of 2.9 million kg CO2 equivalents (equivalent to powering
2716 homes for 1 yr) in comparison to no change in practice. We calculated that
potential carbon savings for the financial year 2021–2022 would be 217 599 kg
CO2 equivalents (equivalent to powering 198 homes for 1 yr) if all hospitals in
England not already in the upper quartile were able to achieve the current
upper-quartile day-case rate. Our study is limited in that estimates are based on
carbon factors for generic surgical pathways.
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Conclusions: Our study highlights potential NHS carbon savings that could be
achieved by moving from inpatient stays to day-case surgery. Reducing variation
in care across the NHS and encouraging all hospitals to adopt day-case surgeries,
where clinically appropriate, would lead to further carbon savings.
Patient summary: In this study we estimated the potential for carbon savings if
patient undergoing bladder tumour surgery were admitted and discharged on
the same day. We estimate that increasing use of day-case surgery between
2013–2014 and 2021–2022 has saved 2.9 million kg CO2 equivalents. If all hospitals
were to achieve day case-rates comparable to those in the highest quarter of hos-
pitals in England in 2021–2022, then the carbon equivalent to powering 198 homes
for 1 year could have been saved.

� 2023 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Climate change is one of the greatest health threats of the
21st century, and we are already seeing the effects of the
climate emergency in the UK. Extreme weather events such
as heatwaves, floods, and storms are increasing in intensity
[1]. Together with deaths from air pollution, these events
account for 1 in 20 deaths in the UK [2]. In addition to these
direct effects on health, extreme weather events will impact
our ability to deliver health care [3].

Health care is a contributor to climate change. Globally,
the health care sector is responsible for almost 5% of carbon
emissions [4] The UK National Health Service (NHS) has a
significant carbon footprint that accounts for 4.6% of all
UK emissions [5,6].

In the Delivering a ‘Net Zero’ National Health Service report
published in October 2022 [5], NHS England committed to
delivering the world’s first net-zero health service by
2040. This report provided a target for reaching net-zero
carbon for emissions that the NHS controls directly by
2040, and by 2045 for those it can influence, such as its sup-
ply chain. Through work on carbon hotspots such as anaes-
thetic gases and asthma inhalers, NHS estates and facilities,
and travel and transport over 1 yr (2020–2021), the NHS
reduced its emissions by 1.26 megatons of CO2 equivalents
(CO2e), which would power 1.1 million homes with electric-
ity for 1 yr [5]. However, to achieve the long-term goal of a
net-zero health care system, more environmentally sustain-
able models of care need to be designed and delivered. Ini-
tiatives such as boosting ‘‘out-of-hospital’’ care,
empowering patients to have more control over their
health, digitally enabled care, and delivering streamlined
efficient care pathways that minimise unnecessary travel,
waste, and duplication are a key part of achieving net-
zero status [5,7–9].

Understanding the carbon impact of models of care in
detail is a key step to implementing lower-carbon pathways
and helps in identifying pockets of good practice. In Eng-
land, improving clinical care by spreading best practice falls
within the remit of the Getting it Right First Time (GIRFT)
programme. GIRFT has a remit to reduce unwarranted vari-
ation in health care provision across the NHS in England
that negatively impacts patient outcomes or service effi-
ciency. For the urology specialty, the 2018 GIRFT national
report identified that day-case rates for transurethral resec-
tion of bladder tumour (TURBT) varied substantially across
NHS trusts and recommended that day-case surgery rates
be increased to the level of the best-performing providers
[10], and there is evidence that this is happening [11,12].
Increasing the provision of day-case surgery, where clini-
cally appropriate, has potential for reducing the carbon
footprint of that care pathway by removing the need for
high-resource, carbon-intensive inpatient hospital stays [6].

The aim of this study was to estimate the difference in
carbon footprint between day-case and inpatient TURBT,
estimate the amount of carbon saved by changes in day-
case TURBT rates over the last decade, and estimate the
potential further carbon reductions for TURBT procedures
if all trusts achieved the day-case rates of NHS trusts in
the upper quartile.
2. Patients and methods

2.1. Study design

This was a retrospective analysis of administrative data from the Hospi-

tal Episode Statistics (HES) database for England. The HES database is

collected by NHS Digital and includes data for all NHS hospital activity

in England. This includes patients admitted to non-NHS hospitals but

funded by the NHS.

2.2. Ethics

The presentation of data follows current NHS Digital guidance for use of

HES data for research purposes [13]. Consent from individuals involved

in this study was not required for analysis of this administrative data set.

2.3. Data collection

The data presented here are for TURBT procedures performed during the

period from April 1, 2013 to March 31, 2022 (inclusive). The period was

chosen to be recent enough to reflect current practice but long enough to

allow investigation of temporal trends. TURBT procedures were identi-

fied by extracting all data for which the main specialty code was listed

as ‘‘urology services’’ or the treatment function code was ‘‘urology ser-

vices’’ or ‘‘paediatric urology services’’ and the first listed procedure dur-

ing the hospital spell was TURBT (Office of Populations Censuses and

Surveys Classification of Interventions and Procedures version 4

[OPCS-4] code M421, in the absence of code Y082). Data were extracted

at a spell level and no patients were excluded on the basis of age.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Data were then extracted for these procedures in relation to the NHS

trust providing the care, date of admission, date of operation, date of dis-

charge, age, sex, Index of Multiple Deprivation (IMD) score, and Hospital

Frailty Risk Score (HFRS) [14]. IMD scores were categorised into quintiles

on the basis of national percentiles for lower super output areas in Eng-

land [15]. HFRS values were categorised as none, mild, moderate, and

severe frailty on the basis of established cutoffs [14]. Follow-up data

were available from the HES database for emergency return to hospital

within 30 d of hospital discharge.
Table 1 – Characteristics of and outcomes for patients with and
without an overnight stay for a transurethral resection of bladder
2.4. Quantifying the carbon footprint

We assessed the difference in carbon footprint between day-case and

inpatient TURBT procedures. The carbon footprint of day-case and inpa-

tient TURBT procedures was calculated using Sustainable Healthcare

Coalition (SHC) carbon footprint data [16]. SHC data estimate the carbon

footprint of an ‘‘average’’ surgical procedure as 35.1 kg CO2e [17]. This

figure is a generic estimate and includes items covering consumables,

equipment, medical gases, staff travel, energy, water use, and waste; it

was used in this study as a proxy for the carbon footprint for TURBT.

More detailed data specific to TURBT are not yet available. The same car-

bon factor was applied to day-case and inpatient procedures. The aver-

age carbon footprint of a low-intensity inpatient bed day was

estimated as 37.9 kg CO2e [18]. For postprocedural emergency readmis-

sions within 30 d, the carbon footprint was estimated as 13.8 kgCO2e for

an emergency department attendance [19] and 126.0 kg CO2e for a short

emergency inpatient stay [19]. The emergency attendance figure was

used when there was no overnight stay and both figures summed when

the patient was admitted. The methodology used to derive these esti-

mates has been published [16–19].

We only considered the carbon footprint of the operative TURBT pro-

cedure, immediate postoperative stay, and emergency readmissions as,

these are likely to be the key points of difference between a day-case

and inpatient TURBT pathway. The pathway activities that are likely to

be constant (ie, those unlikely to change whether on a day-case or inpa-

tient pathway) such as preoperative pathway components (eg, outpa-

tient appointment, diagnostics [flexible cystoscopy and imaging]) and

postoperative follow-up were therefore not considered.

tumour procedure

Day cases Inpatient
cases

Patients, n (%) 41 583 (20) 167 686 (80)
Age group, n (%)
<50 yr 2633 (6.3) 5057 (3)
50–59 yr 5032 (12) 12 427 (7)
60–69 yr 10487 (25) 33 895 (20)
70–79 yr 15522 (37) 61 721 (37)
�80 yr 7909 (19) 54 586 (33)

Female, n (%) 10 804 (26) 36 817 (22)
HFRS category, n (%)
None 25 194 (61) 79 093 (47)
Mild 12 056 (29) 57 039 (34)
Moderate 3987 (9.6) 27 616 (17)
Severe 346 (0.82) 3938 (2.3)

IMD quintile, n (%)
1 (most deprived) 6298 (15) 28 965 (17)
2 7626 (19) 31 014 (19)
3 8966 (22) 34 845 (21)
4 9134 (22) 36 560 (22)
5 (least deprived) 9206 (22) 34 716 (21)

Emergency readmission within 30 d, n (%)a 2599 (6.3) 15 339 (9.1)
Median length of stay, d (IQR) 0 1 (1–2)

HFRS = Hospital Frailty Risk Score; IMD = Index of Multiple Deprivation;
IQR = interquartile range.
a Emergency readmissions were only recorded when there was an
overnight stay
2.5. Data management and statistical analysis

All data were analysed on a secure server controlled by NHS England

using standard statistical software: Microsoft Excel (Microsoft Corp.,

Redmond, WA, USA), Stata (Stata Corp. LLC, College Station, TX, USA),

and Alteryx (Alteryx Inc., Irvine, CA, USA). The data were summarised

using standard descriptive statistics, depending on the data level. Carbon

factors were calculated at a patient level and then aggregated for day-

case and overnight-stay patients and per financial year, as appropriate.

Total carbon saved was calculated using 2013–2014 as a baseline. To

provide context, CO2e emissions were converted to CO2e to power an

average UK home with electricity for 1 yr using a conversion factor of

1098.9 kg CO2e per home per year [20,21].

Day-case rates for each hospital trust were adjusted for demographic

factors using multivariable logistic regression modelling. The models

were adjusted for age, sex, IMD quintile, and HFRS category. Age was

modelled as a continuous variable (there was no evidence of nonlinear-

ity in the relationship between the log odds of day-case surgery and age)

and sex, IMD quintile, and HFRS category as categorical variables as

described above. Adjusted day-case rates were derived using themargins

command in Stata. Marginal values were calculated by adding hospital

trust to the model as a fixed effect and holding its value constant across
all cases and then repeating this for all trusts. This allowed estimation of

adjusted day-case rates based on the sample distribution of all the

covariates within the model.
3. Results

Data were available for 209 269 patients undergoing TURBT
during the study period, of which 41 583 (20%) were day
cases. The demographic characteristics of the patients are
shown in Table 1. Day-case patients were younger and less
frail than inpatients. The day-case rate increased from 13%
in 2013–2014 to 23% in 2019–2020, the last pre-COVID-19
year (Fig. 1). By 2021–2022, activity levels had broadly
returned to prepandemic levels, but with a large increase
in the day-case rate to 31%.

For the treatment pathway components studied, the
change in carbon footprint for all TURBT procedures con-
ducted for each year is summarised in Table 2. From
2013–2014 to 2021–2022, the increase in day-case surgery
reduced the carbon footprint of TURBT by 24 kg CO2e per
patient. The estimated cumulative saving across the study
period from the baseline of 2013–2014 was approximately
2.9 million kg CO2e (2.9 kilotons; Table 2). This is equivalent
to powering 2716 UK homes with electricity for 1 yr.

The model-adjusted day-case rates for 2021–2022 for
NHS hospital trusts performing more than 50 TURBT proce-
dures during the year are summarised in Figure 2. There
was substantial variation in adjusted day-case rates across
the 116 trusts included. The highest day-case rate was
87% and 13 trusts had day-case rates above 50%. The lowest
day-case rate was 3.5% and 14 trusts had a day-case rate
below 10%.



Fig. 1 – Patient numbers and rates of day-case surgery across the 9-yr study period.

Table 2 – Carbon footprint per patient per year

Financial year Patients (n) Day-case
rate (%)

MCF per patient for items
included in the
calculation (kg CO2)

Estimated
CCS (kg CO2)

a

2013–2014 23 521 13 116.4 –
2014–2015 23 454 14 111.8 �115 687
2015–2016 23 407 15 109.3 �179 459
2016–2017 23 946 17 106.6 �185 200
2017–2018 23 341 18 105.1 �284 705
2018–2019 23 659 20 101.9 �326 992
2019–2020 23 545 23 100.1 �380 990
2020–2021 21 144 29 91.0 �813 740
2021–2022 23 252 31 92.4 �589 359
Total 209 269 – – �2 876 132

CCS = cumulative carbon saving; MCF = mean carbon footprint.
a Estimated CCS based on the rounded estimates for the MCF per patient in comparison to 2013–2014.
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For the financial year 2021–2022, the average carbon
footprint was 41.5 kg CO2e for a pathway involving day-
case surgery and 115.0 kg CO2e for a pathway with inpa-
tient surgery. The adjusted upper-quartile value was 39%
day-case surgery. If all 87 trusts below the upper-quartile
for the day-case surgery rate had met this target, the total
carbon saving would be 217 599 kg CO2e (equivalent to
powering 198 homes for 1 yr). The adjusted upper-decile
value was 51% day-case surgery. If all 104 trusts below
the upper-decile for the day-case surgery rate had met this
target, the total carbon saving would be 372 127 kg CO2e
(equivalent to powering 339 UK homes with electricity for
1 yr). The 30-d emergency readmission (with an overnight
stay) rate was 6.4% for the 29 trusts in the upper quartile
for day-case rates and 6.5% for the trusts in the lower three
quartiles. These rates were 6.3% for the top decile and 6.5%
for the lower nine deciles.
4. Discussion

Day-case rates more than doubled over the 9-yr study per-
iod, with the majority of the increase arising from 2018–
2019 onwards. Reassuringly, trusts with very high rates of
day-case surgery have very similar 30-d emergency read-
mission rates to trusts with lower day-case rates. Although
day-case surgery will not be suitable for all, our results sup-
port previous evidence that day-case surgery, as part of a
streamlined best-practice procedure pathway, is safe for
patients who do not have complicating underlying disease
[11].

Our findings highlight that comparisons of different
ways of delivering care can identify carbon-saving opportu-
nities. Further carbon savings could be made by reducing
variation between hospitals in day-case delivery. Minimis-
ing hospital stays while maintaining levels of care and
patient outcomes is one way to reduce carbon emissions,
and there is evidence that day-case and outpatient surgery
is as safe and effective as inpatient surgery for many proce-
dures across a range of specialties [11,22–25].

However, the estimated emissions reductions associated
with a day-case pathway will not be enough to achieve net-
zero status. More detailed analysis of existing and alterna-
tive treatment pathways will be needed to support the
net-zero goal. Research on the carbon footprint of surgical
care pathways has predominantly focused on in-theatre



Fig. 2 – Funnel plot of adjusted day-case rate for the financial year 2021–2022 for all trusts conducting transurethral resection of bladder tumour procedures
for more than 50 patients.
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carbon emissions, a known carbon hotspot in surgery [26].
A recent study attributed 42% of the carbon footprint of sur-
gical care to anaesthetic gases and 23% to the surgical pro-
cedure itself. However, 29% of the carbon footprint was
from inpatient bed-days and 5.5% from patient travel [27].
Our study considers aspects of the wider patient pathway
and could be extended to include preoperative and postop-
erative outpatient and primary care contacts and travel. In
this context, initiatives such as one-stop haematuria clinics,
virtual appointments (where appropriate), patient-initiated
follow-up, and the promotion of patient self-management
in a way that improves health and negates the need for
complex acute care could also help in reducing carbon
emissions.

In the case of bladder tumour management, emerging
treatments such as transurethral laser ablation (TULA),
which can be performed as an outpatient procedure under
local anaesthetic, may be part of the solution [28]. Anaes-
thetic gases make up 2% of the overall NHS carbon footprint
and are one of the key carbon hotspots of surgery [5]. Inno-
vative models of care that build on moves to day-case or
outpatient surgery (such as TULA) could reduce anaesthetic
gas emissions via the use of safe, low-carbon alternatives
such as spinal/regional anaesthesia or local anaesthetic
where appropriate. Likewise, alternative management
options should be considered as a way to decarbonise blad-
der tumour pathways. For non–muscle-invasive bladder
cancer, flexible cystoscopy and tumour ablation can offer
a safe and less resource-intensive treatment option for
selected cases, depending on patient and tumour factors
[29]. For carefully selected patients there could even be a
role for active surveillance [30]. More broadly, the role of
preventative programmes in reducing the need for surgery
should also be evaluated.
Although our study did not seek to identify possible
causes of the increase in day-case surgery observed over
the study period, there are a number of possible drivers
for the changes seen. These include increasing recognition
that day-case TURBT is technically feasible and safe in a
high proportion of patients [11] and increasing use of bipo-
lar technology (although in many circumstances good intra-
operative haemostasis with monopolar energy can also
facilitate safe day-case TURBT). The GIRFT programme
now advocates day-case TURBT by default on the basis that
this provides a more efficient pathway that decreases inpa-
tient bed pressures and allows patients to recover at home.
Promotion of day-case surgery in England by GIRFT and
other stakeholders will also have driven some of the
changes seen.

In England, the GIRFT High Volume Low Complexity
(HVLC) programme is seen as a key element in the recovery
of elective surgical services following the COVID-19 pan-
demic [31]. The programme focuses on addressing the large
proportion of patients waiting for noncomplex surgery to
free up other services to manage patients on more complex
surgery pathways. To achieve this, the GIRFT-HVLC pro-
gramme is driving efficiencies in six high-volume speciali-
ties via the establishment of dedicated GIRFT-HVLC
surgical hubs and the adoption of best-practice procedure
pathways and theatre efficiency principles. The GIRFT-
HVLC programme offers an opportunity to design low-
carbon pathways for future surgical care.

Carbon savings identified in this study should be viewed
as savings per patient rather than an actual reduction in
emissions at a system level. In the short term at least, bed
capacity released by moving to a day-case surgery model
will often be taken up by other patients rather than result-
ing in a reduction in carbon emissions because of reductions
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in hospital activity. Only at a point at which supply matches
or exceeds demand will these particular carbon savings be
realised.

4.1. Strengths and limitations

A strength of our study is that we had a large data set of all
TURBT procedures conducted within an entire health care
system over a number of years. Cases included in the data
set should be representative of all patients undergoing
TURBT in England, and will be broadly similar to patients
seen in many countries with a similar health care model
to England.

A key limitation of our work is that we did not investi-
gate the entire surgical pathway, but just the key differ-
ences between day-case and overnight stay pathways. Our
estimates should not be interpreted as the carbon footprint
of the pathway. Some data entry inconsistencies have been
noted in the HES data set, mostly with regard to differences
in coding practice for procedures across different trusts
[10]. However, there are likely to be fewer errors for high-
volume procedures, such as TURBT, than for less common
procedures, for which coders may be less familiar with
how to record the episode. We also acknowledge that our
estimates will only be as accurate as the carbon factors
applied to each part of the pathway. The carbon factors used
were for generic procedures and admissions and are not
specific to TURBT. Thus, we were unable to differentiate
between different surgical approaches to TURBT (eg,
monopolar vs bipolar vs laser). Having reliable carbon-
factor data for specific procedures and admission types will
be an important next step if the work is to be expanded to
other procedures and other parts of the surgical pathway.
More broadly, as day-case TURBT rates increase, the occur-
rence of early emergency readmissions and other adverse
events should be closely monitored to ensure that patient
outcomes are not being compromised. Our findings and ear-
lier research indicate that, so far, this is not the case [11].
5. Conclusions

We estimated that there has been a substantial reduction in
the carbon footprint related to TURBT surgery in England as
a result of the progressive increase in day-case rates. There
appears to be scope to increase TURBT day-case rates in
many trusts, which would help in improving efficiency
and assisting the transition to net-zero health care.
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