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Abstract

Objective: To compare the carbon footprint of caesarean and vaginal birth.

Design: Life cycle assessment (LCA).

Setting: Tertiary maternity units and home births in the UK and the Netherlands.
Population: Birthing women.

Methods: A cradle-to-grave LCA using openLCA software to model the carbon foot-
print of different modes of delivery in the UK and the Netherlands.

Main Outcome Measures: ‘Carbon footprint’ (in kgCO, equivalents [kgCO,e]).
Results: Excluding analgesia, the carbon footprint of a caesarean birth in the UK
was 31.21kgCO,e, compared with 12.47kgCO,e for vaginal birth in hospital and
7.63kgCO,e at home. In the Netherlands the carbon footprint of a caesarean was
higher (32.96kgCO,e), but lower for vaginal birth in hospital and home (10.74 and
6.27kgCO, e, respectively). Emissions associated with analgesia for vaginal birth
ranged from 0.08kgCO,e (with opioid analgesia) to 237.33kgCO,e (nitrous oxide
with oxygen). Differences in analgesia use resulted in a lower average carbon foot-
print for vaginal birth in the Netherlands than the UK (11.64 versus 193.26kgCOe).
Conclusion: The carbon footprint of a caesarean is higher than for a vaginal birth
if analgesia is excluded, but this is very sensitive to the analgesia used; use of ni-
trous oxide with oxygen multiplies the carbon footprint of vaginal birth 25-fold.
Alternative methods of pain relief or nitrous oxide destruction systems would lead to
a substantial improvement in carbon footprint. Although clinical need and maternal
choice are paramount, protocols should consider the environmental impact of dif-
ferent choices.
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1 | INTRODUCTION a priority and the NHS in England aims to reduce emissions
by 80% by 2032 and reach net zero by 2040.

Healthcare professionals need to engage with these efforts,
and it is logical to focus on frequently occurring events. Birth
is common (~140M births/year worldwide) and, in many

countries, a caesarean birth is the commonest major surgical

Globally around 5% of greenhouse gas emissions originate
from health care; in the UK this translates to 25 mega tonnes
of carbon dioxide equivalents (CO,e) emitted by the National
Health Service (NHS) per year.' Measures to reduce this are
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CARBON FOOTPRINT OF DIFFERENT MODES OF BIRTH

procedure.’ The environmental impact of birth and maternity
care is increasingly being considered; the American College
of Obstetricians and Gynecologists recognises that “climate
change is an urgent women's health concern as well as a major
public health challenge” and calls for ‘healthcare systems to
support environmentally responsible practices in order to
decrease the environmental impact and carbon footprint
of medicine.* Consequently, efforts to address the environ-
mental sustainability of maternity care have been proposed.’
These can be viewed through the framework: Refuse, Reduce,
Reuse, Recycle, Rethink and Research with opportunities
for intervention at each level.’ Given the frequency of birth,
and upward trends in caesarean rates, attention to this area
could have a significant impact upon the overall ‘carbon foot-
print’ of health care. The ‘carbon footprint’ is a quantitative
measure of the direct and indirect greenhouse gas emissions
attributable to a process, product, institution or industry
usually expressed in CO, equivalents (CO,e)’; calculation of
the kgCO,e released provides a common measure of global
warming impact that can be used to compare processes and
identify areas for reduction (hotspots).®

We identified two studies of the carbon footprint of birth.
Campion et al.’” compared caesarean and vaginal birth in the
USA, finding that the principal environmental impacts were
due to heating and ventilation, waste disposal and single-
use resources (e.g. drapes, personal protective equipment
[PPE]). However, the scope of this analysis was limited to the
second and third stages of labour for vaginal birth and ex-
cluded anaesthetics and analgesia. de Ridder et al."’ from the
Netherlands looked at caesarean birth to improve environ-
mental sustainability of the operating room, and identified
that the carbon footprint of a caesarean was 11.64kgCO,e,
largely due to various waste streams. However, no compari-
son was made with other modes of birth.

In this study, we aimed to estimate the carbon footprint
of caesarean birth and vaginal birth in hospital and at home,
and the common complications associated with vaginal
birth. To account for, and learn from, variation in practice
in different, but similarly resourced health systems, we con-
ducted a comparison between the UK and the Netherlands.

2 | METHODS

2.1 | Study design

This study used life cycle assessment (LCA) to quantify
the carbon footprint of birth in two settings, Saint Mary's
Hospital, Manchester (a tertiary maternity service in the
northwest of England ~17000 births/year) and the Leiden
University Medical Centre (a tertiary maternity unit in the
west of the Netherlands ~2200 births/year). LCA is com-
monly used to assess the environmental impact of products
and services,>'! it is a ‘cradle-to-grave’ evaluation that in-
cludes the production, use and waste disposal of a product or
service."? This study solely focused on the carbon footprint,
although LCA can be used to calculate other environmental
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impacts. The carbon footprint is the total amount of green-
house gases that are generated during the whole life cycle of
all products and services used during that process, expressed
in CO,e, which allows comparison between different green-
house gases. The CO,e is derived from the 100-year global
warming potential, which compares the atmospheric release
of a greenhouse gas to that of an equal mass of CO,.

2.2 | LCA goal, scope and system boundaries
The goal of this process-based-LCA was to provide mater-
nity healthcare professionals with insights on how to reduce
the carbon footprint associated with childbirth, highlighting
the differences between two different settings to learn from
each other. The function unit for this study is the birth of a
live baby. We evaluated three scenarios in otherwise low-risk
pregnancies: (1) planned caesarean birth, from the moment
the woman enters the hospital until they leave; (2) uncom-
plicated vaginal birth in hospital, between the same time
points, and (3) uncomplicated vaginal birth at home, from
the moment the midwives arrive until they leave. In scenar-
ios (2) and (3), for the UK only, we also considered the most
common complications of vaginal birth: (1) vaginal tear/epi-
siotomy suturing (at home or in hospital); (2) forceps birth
(hospital only) and (2) ventouse birth (hospital only). The
frequency of these complications of vaginal birth were ob-
tained from national data or analysis of the Birthplace data
set in the case of home birth.!*

The boundaries of the LCA included the raw material ex-
traction, production and waste of used equipment, sterili-
sation of reusable equipment, anaesthetics/analgesia, energy
usage, laundry and hospital stay (Figure 1). We excluded ma-
chines and furniture because of the lack of data on capital
goods, their use over prolonged periods of time and their use
for processes outside the product system. Linen in the oper-
ating room was excluded as this was minimal (single sheet
covering the operating table) and not amenable to adjust-
ment. The exclusion of bed sheets in the operating room and
labour ward was based on their essential requirement for the
beds and the assumption of uniformity across scenarios and
diverse locations. We also excluded staff, patient and visitor
travel due to lack of data to enable accurate modelling of dif-
ferent modes of transport and their frequency of use.

2.3 | Inventory analysis

Data were collected from Saint Mary's Hospital, Manchester
(a tertiary maternity service in the northwest of England with
~17000 births/year) and the Leiden University Medical Centre
(a tertiary maternity unit in the west of the Netherlands with
~2200 births/year). The data were gathered from the following
sources: (1) Idemat database, (2) Healthcare LCA database," (3)
CCalC2 v2 2016 (which includes Ecoinvent v2.2 2010), (4) data
measurements by observation of material usage during vagi-
nal birth and caesarean sections and waste audits in the UK
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FIGURE 1 Schematic representation of the components considered within the life cycle assessment of different modes of birth. Elements in grey

consider background process, e.g. the material and production of items. The system boundary is shown in the dotted line.

and the Netherlands and (5) identification by expert review. By
conducting audits for vaginal birth and caesarean section, the
amount of equipment used was estimated, the equipment was
then weighed and the type of material was noted. For exam-
ple, equipment for a caesarean birth comprised: a reusable tray
with instruments, a disposable pack with consumables, and
separately packed consumables such as a urinary catheter and
PPE. Equipment for vaginal births comprised a delivery pack,
individually packed consumables and PPE. Necessary equip-
ment used in case of complications was determined solely in
the UK and included the reusable perineal repair pack, reus-
able forceps pack, kiwi ventouse and sterile drapes (used for
instrumental births or suturing perineal trauma).
Medications and materials used for anaesthesia and an-
algesia for caesarean and vaginal birth were identified by an
expert review with obstetric anaesthetists at Saint Mary's
Hospital and recorded from direct observation of proce-
dures. Those included in the LCA were: spinal anaesthesia
for caesarean birth, and nitrous oxide 50% with oxygen 50%
(N,0/0,), intramuscular morphine injection (as a surrogate
for opioid analgesia), intravenous patient-controlled anal-
gesia with remifentanil, and epidural analgesia for vaginal
birth (see Table 1). N,0/O, was the only analgesia option

considered for a home birth. The frequency of usage of dif-
ferent analgesic options was obtained from local and na-
tional audit data.'®

Considering equipment and materials, we used data from
different databases to be integrated into our LCA. We in-
tegrated data from previously conducted LCAs (identified
via the HealthcareLCA database)" for equipment and pro-
cesses already assessed in the literature into our calculations
(Appendix S1). When multiple studies were available, more
recent studies, those conducted in Europe and those that had
a robust design were chosen. Detailed LCAs were available
and used for some of the surgical equipment, sterilisation,
waste, laundry and analgesia.”™"® For equipment and/or
processes with no previous LCA available, we carried out a
bottom-up calculation using the following assumptions and
data sources.

2.3.1 | Raw materials

Where possible, individual instruments were weighed. When
this was not possible, a complete tray was weighed and esti-
mated packaging was extracted from the total weight. The
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TABLE 1 Sources of data regarding frequency of analgesia use and the associated carbon footprint.
Item Source Key information Reference
Frequency of analgesia use (UK) Care Quality 76% of women used Entonox during labour, 33% used an epidural 16
Commission, and 23% used intramuscular pain relief
2022 survey
of women's

experiences of

maternity care
Analgesia carbon footprint Parvatker et al.

Pearson et al.

Estimates of 237.33kgCO, e for Entonox, 0.75kgCO,e for 23
remifentanil patient-controlled analgesia, 1.2kgCO,e for an 25

epidural and 0.08 kgCO,e for intramuscular morphine

Carbon footprint - spinal anaesthesia McGain et al. Estimate for spinal anaesthesia less oxygen supplementation of 12
7.14kgCO,e
Length of hospital stay NHS Maternity Average hospital stay after a caesarean birth is 1.8 days. Average 14
Statistics for hospital stay after a spontaneous vaginal birth is 1.13 days.?’
England from
2021-22
Frequency of complications of vaginal NHS Maternity Frequency of modes of birth and complications in women 14
birth Statistics for with a spontaneous onset of labour were: 71.9% give birth
England from spontaneously, 8.5% have a forceps birth, 5.8% have a ventouse
2021-22 birth and 11.8% have a non-elective caesarean. Perineal tear
needing suturing occurs in 41%-49% of vaginal births
Frequency of complications of vaginal DPhil thesis, L Estimates of the frequency of perineal trauma were drawn from a 13
birth at home Schroeder, micro-costing exercise carried out as part of a cost-effectiveness
2013 analysis conducted alongside the Birthplace study

smallest possible measurement was 1g. For consumables,
the packaging was assumed to be made of the same mate-
rial as the product and was not weighed separately. For some
products different materials can be used and when the spe-
cific material used could not be discerned the most likely
material was chosen. When products were made of multiple
materials, but the second material was estimated to weigh
less than 1g, all weight was attributed to the first material.
Emission factors for raw materials and production were pri-
marily extracted from the Idemat2023 database as this is the
most up-to-date and detailed free database.** CCalC2 v2
2016 (which includes Ecoinvent v2.2 2010) was used for data
about stainless steel production.'

2.32 | Production

When the production method (e.g. injection moulding, cast-
ing) was known, this was added separately. When the pro-
duction method was unknown, a value that included the
production of the raw material was used from the Inventory
of Carbon and Energy or Department of the Environment,
Food and Regional Affairs (DEFRA) databases.?>?

2.3.3 | Use/sterilisation

When materials were reusable, sterilisation of these materi-
als was included. Sterilisation was assumed to take place at
the hospital site. Reusable trays were estimated to be used 50
times before being recycled (by discussion with Saint Mary's
Hospital theatre staff). Sterilisation data were obtained from

the Healthcare LCA database and included decontamina-
tion and sterilisation of instruments.">** A sensitivity analy-
sis was conducted to determine the effect of increasing the
number of re-uses of equipment for 100, 200 and 300 reuses
in total.

2.34 | Analgesia

For vaginal birth in hospital, based on the expert review,
we assumed a duration of use of 4h for N,0/0,, epidural,
remifentanil patient-controlled analgesia and morphine in-
jections. For a home birth we estimated use of N,0/O, to
be 700L; the carbon footprint of N,O/O, based on this vol-
ume was calculated to be 182.19kgCO,e—based on a global
warming potential over 100years of 265.” The carbon foot-
print of analgesic medications was taken from the Healthcare
LCA database,” and from Pearson et al.*® where data were
not available in the database. Data about spinal anaesthesia
were obtained from McGain et al.,”® though the use of oxy-
gen was subtracted as this is not used for spinal anaesthesia
at Saint Mary's Hospital, giving a carbon footprint of 7.14 kg-
CO,e. The frequency of use of different modes of analgesia
was obtained from the 2022 Care Quality Commission ma-
ternity care experiences survey for the UK and from Perined
in the Netherlands.'**’

2.3.5 | Laundryand waste

We used data from Rizan et al.?® to derive laundry emis-
sion factors. We assumed that all waste from a birth was
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treated as offensive waste, which is first decontaminated
and then sent for low-temperature incineration with en-
ergy recovery, with the exception of medications and
sharps, which are sent for high-temperature incineration,
for this reason an estimate of transport to the waste pro-
cessing site was included.

2.3.6 | Energy

We used data about total energy use per year per floor area
of Saint Mary's Hospital Labour Ward to calculate an aver-
age value for energy use per square metre.”” We assumed
that a woman in labour would spend 10 h in the birth room
in hospital. For home birth, we used data from an energy
benchmarking tool and it was assumed that the woman
lived in a semi-detached house warmed by gas.’® Energy
use was calculated for 10h, and floor space in the bedroom
was assumed to be the same as in the hospital birth room
(29.335m?). We used data from MacNeill et al.*! for en-
ergy use in an operating theatre. Caesarean births were
assumed to last 1h with a further hour spent in recovery.
It was assumed that operating theatres were in constant
use. For recovery, the floor space of the recovery room was
multiplied by the same average hospital energy value as
the birth room. The DEFRA database was used for energy
emission factors.””> A sensitivity analysis was undertaken
based on the varied CO,e values for energy generation
in the UK in 2023 (lowest, lower quartile range, median,
upper quartile range and highest).

2.3.7 | Hospital stay

The average hospital stay for each mode of birth was calcu-
lated using data from NHS Maternity Statistics for England
from 2021-22."

2.3.8 | Exclusions

We did not include data about disposal of the placenta, as
this is the same for all modes of birth. The medications
oxytocin and syntometrine, and lubricant gel were ex-
cluded because no data were available about their carbon
footprint.

2.4 | Calculations, modelling and
impact assessment

LCA calculations were made in OpenLCA software (v 1.11.0,
2022).*? To calculate the carbon footprint of equipment the
weight of the material was multiplied by a conversion factor
for each stage: raw material, production and waste disposal.
The carbon footprint was then expressed as CO,e. The car-
bon footprints of an average vaginal birth at home and at

the hospital were modelled based on published data on the
incidence of complications and analgesia use (see Table 1).
The Life Cycle Impact Assessment (LCIA) constitutes
the second phase of LCA, aiming to assess the potential en-
vironmental impacts linked to a product system by evalu-
ating compiled data obtained from the inventory analysis.
This study used Eco-costs 2023 (Version 1.0, Sustainability
Impact Metrics) as this is freely available, allowing other re-
searchers to build upon the calculations performed here.

3 | RESULTS

3.1 | Carbon footprint of different modes of
birth in the UK

Excluding analgesia and energy, the estimated carbon
footprint of a caesarean birth in the UK was 19.24kgCO,e
(Figure 2A). More than half of that total, 11.6kgCO,e, was
from disposables (e.g. operating drapes). In comparison,
the estimated carbon footprint of a vaginal birth in hospi-
tal was 5.64kgCO,e, including 2.81kgCO,e from PPE. The
estimated carbon footprint of a vaginal birth at home was
4.37kgCO,e; the hotspot here was PPE (1.47kgCO,e, with
sterile gloves representing the majority of this amount).

The amount of energy consumed for different modes dif-
fered between places of birth. The total energy consumption
of a caesarean birth was 11.97kgCO,e, comprising an esti-
mated 3.76kgCO,e for electricity and 7.77kgCO,e for gas
in the operating room, and 0.17kgCO,e for electricity and
0.27kgCO,e for gas used in the recovery area (Figure 2A).
The estimated carbon footprint of energy use for a vaginal
birth in hospital was lower at 3.76kg/CO,e overall (1.48 kg-
CO,e of electricity and 2.28kgCO,e of gas). The estimated
energy use for a home birth was lowest at 1.56kg/CO,e
(0.26kgCO, e for electricity and 1.30kgCO, e for gas).

3.1.1 | Complications associated with
vaginal birth

The carbon footprint of suturing a perineal tear was 3.07 kg-
CO,ein hospital and 1.7kgCO, e at a home birth, because fewer
sterile drapes and no sterile gown were used at home. The extra
carbon footprints of completed ventouse and forceps births
were 2.22 and 4.03kgCO, e, respectively (Figure 2B). Using the
reported frequencies of these complications (Table 1), they add
on average a further 4.25kgCO,e to a hospital vaginal birth
and 2.84kgCO,e to a home vaginal birth.

3.1.2 | Analgesia/anaesthesia

There was wide variation in the carbon footprint of vaginal
birth according to the type of analgesia used, ranging from
9.48kgCO,e for vaginal birth with morphine to 246.73 kg-
CO,e for vaginal birth with N,O/O, (Figure 3A). Combining
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(A) The carbon footprint (kg CO, equivalents [kgCO,e]) of different modes of birth excluding anaesthesia/analgesia and complications

of vaginal birth; (B) The carbon footprint (kgCO,e) of possible complications during vaginal birth.

the percentages and carbon footprint of the different analge-
sia gave an average carbon footprint for analgesia per vaginal
birth in hospital of 180.79, and 180.37kgCO,e for a vaginal
birth at home (Figure 3B).

3.1.3 | Overall carbon footprint including
hospital stay, analgesia and complications

The estimated total carbon footprint for different modes of
birth, including the contributions from mode of birth, en-
ergy, analgesia use, common complications and duration
of hospital stay, were 119.35kgCO,e for caesarean birth,
245.28kgCO,e for vaginal birth in hospital, and 190.96kg-
CO,e for vaginal birth at home (Figure 3B).

3.2 | Comparison of carbon footprint of
mode of birth in the UK and the Netherlands

The total carbon footprint of caesarean birth in the
Netherlands was marginally higher than in the UK (32.96
versus 31.21 kgCO,e) (Figure 4A). This was due to the greater
amount of consumables and PPE. Excluding analgesia and
energy consumption, the carbon footprint of vaginal birth
in the Netherlands was lower than in the UK in both hos-
pital and home settings (10.74 versus 12.47kgCO,e and 6.27
versus 7.63kgCO,e, respectively; Figure 4A). This was due
to less use of PPE and consumables. When analgesia for
vaginal birth was considered, the relatively less frequent use
of N,0/O, in the Netherlands resulted in an average car-
bon footprint for vaginal birth including analgesia that was
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anaesthesia/analgesia, complications for vaginal births, and hospital stay.

much lower in the Netherlands than in the UK (11.64 versus
193.26kgCO,e) (Figure 4B).

3.3 | Sensitivity analyses

The overall carbon footprint is relatively insensitive to
additional pack reuses above 50 (Table S1A). The average
reduction in carbon footprint per use for 300 reuses com-
pared with 50 was 8.59%. In real terms, for a caesarean
section in the UK this was 0.36kgCO,e or ~1% of the total
for the procedure. Given that approximately 10% of the
total carbon footprint related to energy use, variation in
the kgCO,e of the electricity supplied had a greater im-
pact, varying over two-fold between the upper quartile
and lower quartile of kgCO,e for UK energy supply (e.g.
3.60kgCO,e versus. 1.57kgCO,e per caesarean section,
Table S1B). Achieving emissions currently on the lower

quartile would reduce the impact of a caesarean birth in
the UK by approximately 7%.

4 | DISCUSSION

Excluding analgesia/anaesthesia, the carbon footprint of a
caesarean is higher than that of a vaginal birth and there
is little difference between vaginal birth in hospital or at
home. However, the use of N,0/O, for analgesia increases
the carbon footprint of a vaginal birth 25-fold, such that,
at many levels of N,O/O, use, vaginal birth has a greater
carbon footprint than caesarean. In the Netherlands,
where N,0O/O, is used less frequently than in the UK, vagi-
nal birth has a much lower carbon footprint. Other large
contributors to the carbon footprint for different modes
of birth include disposables (including PPE), instruments
and energy.
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(A) The carbon footprint (kg CO, equivalents [kgCO,e]) of caesarean and vaginal birth in the UK (Manchester) and the Netherlands

(Leiden), excluding anaesthesia/analgesia; (B) The carbon footprint of hospital vaginal birth including complications with analgesia in the UK

(Manchester) and the Netherlands (Leiden).

4.1 | Strengths and limitations

We included as many components of the selected mode of
birth as possible, and our bottom-up calculation is more reli-
able than a top-down one. Existing data were supplemented
with contemporary observations and audits from two busy
maternity units. We were also able to make comparisons be-
tween different modes of birth in two countries.

The main weakness is that we considered idealised
births in low-risk pregnancies ending by the route planned.
In the real world, labour may start in one location, end in
another, and the mode of birth may change or complica-
tions may develop. We did not account for this complexity
in our calculations; however, the data between modes of
birth and settings were comparable, allowing identifica-
tion of ‘environmental hotspots’ and learning how these
can be improved.

The duration of labour and the use of analgesia may dif-
fer widely between individuals, which would cause large

individual differences between cases, particularly where
N,0/0, is used. Our calculations are based on a represen-
tative average, which aims to usefully describe a population
but should not be ascribed to any particular individual.
Future analyses would be strengthened by individual obser-
vations on analgesia usage and modelling of the frequency
of complications. We included hospital stay in our LCA, but
used data from general wards that may not be generalisable
to the postnatal ward. We were also not able to include staff
and visitor transport to the hospital, which is likely to add
to the carbon footprint of hospital-based birth; transfer to
hospital in the case of home birth also needs to be considered
in future analyses.

4.2 | Interpretation

Our findings are consistent with those of Campion et al.,”
who showed that a vaginal birth (excluding analgesia) has
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less than 50% of the carbon emissions of a caesarean birth.
They reported that energy use contributed more than 50%
of the total carbon footprint for both caesarean and vagi-
nal births, while we estimated that energy use accounts for
about a third of the carbon footprint; this difference might
stem from differences in the use of renewable energy sources
between countries.” de Ridder et al.'’ reported a carbon
footprint of 11.64kgCO,e for caesarean, which is lower
than our estimate. However, their system boundaries ex-
cluded the sterilisation of reusable instruments and laundry.
When comparing the carbon footprint of caesarean birth
with other lower abdominal surgery, Rizan et al. reported
a carbon footprint of 11.7kgCO,e (range 10.1-15.0) for an
inguinal hernia repair excluding energy use or anaesthesia
(less than our estimate for caesarean birth, 31.21kgCO,e).
Interestingly, the production, waste disposal and packaging
of disposables accounted for 68% of their calculated carbon
footprint, which is comparable to 60% in our LCA."

The findings of this study can be contextualised by more
commonly understood principles for reducing one's car-
bon footprint: Refuse, Reduce, Reuse, Recycle, Rethink and
Research.’ This framework can help to generate specific sug-
gestions to reduce the environmental impacts of maternity
care. Many people are concerned about the environmental
impact of healthcare; a survey of 1858 adults in the UK,
found 70% supported choosing an environmentally friendly
alternative and 65% would consider environmental impact
as part of deciding on treatment.” But the UK National
Institute of Health and Care Excellence (NICE) identified
limited public knowledge about the link between health
care and climate change and there were concerns that sus-
tainability means ‘somebody loses out’** Individuals may
be unwilling to make trade-offs between their care and the
environment. Nevertheless, increasing awareness of both
professionals and the public of the environmental impact of
healthcare choices is essential if these tensions are to be re-
solved.”® As caesarean birth has a three times higher carbon
footprint than vaginal birth, without analgesia, the environ-
mental impact of caesarean for non-medical reasons should
be considered.

Eleftheriades et al.” proposed a framework to reduce the
carbon footprint of obstetrics including: reducing paper and
plastic waste, minimising unnecessary PPE and inform-
ing obstetricians about toxic environmental agents so that
they can perform environmental risk assessment and offer
relevant clinical counselling. First, the environmental im-
pact of N,0/O, use in maternity needs to be urgently ad-
dressed. Due to its embedded nature in maternity care in
many health systems, and the importance of ensuring ma-
ternal choice of pain relief, it cannot simply be removed or
replaced with other forms of analgesia. In line with recom-
mendations from the Health Foundation and NICE, we pro-
pose that pregnant women should be informed about their
analgesic options for birth, including their wider impacts,
and although they should be free to choose the analgesia of
their preference, N,0/O, should not be presented as the only
or best option available. Where N,0/O, is used, catalytic

destruction systems can reduce its ambient levels in the de-
livery room by 71%-81%, indicating potential environmen-
tal benefits.’® In our LCA, the destruction of 71%-81% of
the N,0/0, would lead to a reduction of 194-221kgCO,e for
vaginal birth, making the total carbon footprint similar to
that of a caesarean.

This study showed that about a third of the carbon foot-
print of a caesarean was due to the use of disposables, and
another third from the use of reusable instruments. Reduced
use of disposable instruments has been considered elsewhere
(e.g. critical care) where procedure packs with reusable met-
alware, surgical trays, containers, drapes and gowns have
saved money and reduced waste.” Ideally, all plastic dispos-
ables should be made from either bioplastics or recycled plas-
tic (and go on to be recycled), and instrument packs should
be evaluated to ensure that only essential instruments are
included. Notably, Ridder et al."’ reduced their carbon foot-
print of caesarean birth by 2.5kgCO, e by adjusting the con-
tents of the surgical pack.

PPE is a large component of the environmental im-
pact of vaginal birth, mostly due to sterile gloves. The
carbon footprint of vaginal birth was lower in Leiden,
where non-sterile gloves are used in labour unless there
is an indication for sterile PPE, e.g. preterm rupture of
membranes. Morshedi et al.*® showed that wearing nor-
mal gloves instead of sterile gloves during vaginal exam-
inations in labour did not increase the risk of infection.
Thus, the number of sterile gloves could be safely reduced.
Furthermore, there is expanding interest in replacing dis-
posable gowns with reusable ones, which can provide bet-
ter protection and are more economic®; reusable gowns
reduce greenhouse gas emissions by 66% and water con-
sumption and solid waste by 80%, compared with dispos-
able gowns.*’

Further work is needed to add to the LCA to make it
more comprehensive by incorporating the environmental
impact of other complications, e.g. postpartum haemor-
rhage or transfer between settings. This will be facilitated
by acquisition of large-scale routinely collected data from
maternity care systems that include complex patient jour-
neys (e.g. Maternity Services Data Set in the UK). This
will allow identification of other areas to reduce the car-
bon footprint. In addition, future LCA should consider
other factors such as acidification and air pollution to give
a broader assessment of environmental impact of births.
Furthermore, the environmental impact of other areas of
maternity care, including prenatal and postnatal care also
need to be assessed. Novel approaches in teleconferencing
and telemonitoring interventions in prenatal care merit
assessment to determine whether they can reduce the car-
bon footprint of patient travel.*!

5 | CONCLUSIONS

This study offers opportunities for clinicians and preg-
nant women to make more informed decisions about the
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carbon footprint of birth. We propose that for every new
intervention, environmental impact should be considered
alongside health and cost-effectiveness, and that this ‘tri-
ple assessment’ should also be used to examine established
maternity care procedures, to optimise their environmen-
tal impact.
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