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0 Abstract

Introduction and Objective. It is emphasized by the World
Health Organization (WHO) that climate change poses
a significant and increasing threat to human health. It is
estimated that between 2030-2050, climate change could
resultin an additional 250,000 deaths annually due to factors
such as flooding, droughts, air pollution, and infectious
diseases. The healthcare system itself contributes to this crisis.
Anaesthetic practices play a significant role in greenhouse gas
(GHQG) emissions. The aim of the review is to summarize current
knowledge on the environmental impact of anaesthetic gases,
while highlighting practical solutions that can be adopted in
hospitals.

Brief description of the state of knowledge. Although the
healthcare system improves lives, it also has an environmental
cost, contributing to 1-5% of the total global environmental
impact. Direct emissions from healthcare facilities constitute
17% of the sector’s GHG emissions. Anaesthetic gases alone
contribute 0.6% of healthcare emissions and 0.1% of the
total global GHG emissions. Although the global share might
seem small, the long-term accumulation of these gasesin the
atmosphere and their effects remain under-explored.
Summary. To mitigate the environmental impact of volatile
anaesthetic agents, several strategies have been proposed.
These include reducing the Fresh Gas Flow (FGF) during the
maintenance phase of anaesthesia, minimizing or avoiding
the use of more harmful volatile agents, and adopting
Volatile Capture Technologies (VCT). Total intravenous
anaesthesia, when clinically appropriate, is also highlighted
as a viable alternative. Education and awareness among
anaesthesiologists play a pivotal role in these efforts.
Additionally, policy implementation by healthcare authorities
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is crucial to support long-term behavioural changes and
promote sustainable practices in the medical field.
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I Streszczenie

Wprowadzenie i cel pracy. Swiatowa Organizacja Zdrowia
(WHO) podkresla, ze zmiany klimatyczne stanowig powazne
i narastajace zagrozenie dla zdrowia ludzi. Szacuje sie, ze w la-
tach 2030-2050 moga one spowodowac dodatkowo 250 tys.
zgondw rocznie - e efekcie powodzi, susz, zanieczyszczenia
powietrza czy choréb zakaznych. Sam system opieki zdrowot-
nej przyczynia sie do tego kryzysu, a praktyki anestezjolo-
giczne odgrywajq istotna role w emisji gazéw cieplarnianych
(GHG). Celem tego przegladu jest podsumowanie obecnej
wiedzy na temat wptywu gazéw anestetycznych na $rodo-
wisko, zjednoczesnym wskazaniem praktycznych rozwigzan,
ktore moga zosta¢ wdrozone w szpitalach.

Opis stanu wiedzy. Choc system opieki zdrowotnej poprawia
jakos¢ zycia, ma réwniez koszt Srodowiskowy, odpowiadajac
za 1-5% globalnego wptywu na srodowisko. Emisje bezpo-
Srednie z placowek zdrowotnych stanowiag 17% emisji GHG
tego sektora. Gazy anestetyczne odpowiadaja za 0,6% emisji
sektora zdrowia i 0,1% globalnych emisji GHG. Ich udziat co
prawda wydaje sie niewielki, jednak dtugotrwata akumulacja
tych gazéw w atmosferze i ich wptyw na srodowisko sg stabo
zbadane.

Podsumowanie Aby ograniczy¢ wptyw lotnych srodkéw
anestetycznych na $rodowisko, zaproponowano kilka dzia-
fai: zmniejszenie przeptywu Swiezego gazu (FGF) podczas
podtrzymywania znieczulenia, minimalizacje lub eliminacje
bardziej szkodliwych gazéw lotnych oraz wdrozenie techno-
logii wychwytywania tych substancji. W sytuacjach uzasad-
nionych klinicznie zaleca sie réwniez catkowite znieczulenie
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dozylne jako alternatywe. Kluczowa role odgrywaja edukacja
izwiekszanie swiadomosci wérdd anestezjologdw. Niezbedne
sg takze odpowiednie regulacje wspierajace dtugoterminowe
zmiany w praktykach medycznych oraz promujace zréwno-
wazone rozwigzania w ochronie zdrowia.

Stowa kluczowe

gazy anestetyczne, wptyw na $rodowisko, globalne
ocieplenie, srodki wziewne

INTRODUCTION

It has been well-recognized that pollution, climate change
and global warming are among the primary concerns of
modern times [1]. This is especially true for medical fields,
as these issues affect not only the environment but also the
health of patients [2]. The World Health Organization (WHO)
in their reports, estimates that between 2030-2050, climate
change will be responsible for 250,000 additional deaths
per year [1], due to flooding, droughts and fires, hunger,
infectious or vector-borne diseases, air pollution, and others
(1, 3, 4].

The health care system has a total environmental impact
ranging from 1%-5%. Global greenhouse gas (GHG) emissions
contribute to approximately 4.4% [5, 6], a percentage that
varies between countries. Data from 2019 show that the
United States healthcare system ranks first place in terms
of GHG emissions, followed by China and the European
Union [7].

The younger generations of health professionals should pay
particular attention to the consequences of their actions in
regard to environmental pollution, and actively seek various
ways to reduce the harmful impact of healthcare on the
planet.

OBJECTIVE

The aim of this review is to summarize current knowledge
on the environmental impact of anaesthetic gases and their
contribution to global warming, while highlighting practical
solutions that could be adopted in hospitals. Emphasis is
placed on strategies that balance sustainability with patient
safety, ensuring that ecological responsibility does not come
at the expense of effective medical care.

MATERIALS AND METHOD

For this review, articles from PubMed and Google Scholar
were retrieved, excluding articles not written in English.
For search purposes, such terms as ‘anaesthesia’, ‘volatile
anaesthetic gases’, ‘inhaled anaesthetics’, ‘environmental
impact’, ‘climate change” and ‘global warming’ were used,
either alone or in various configurations. The included
articles were limited by publication date, with those issued
before 2018 being excluded.

Contribution of healthcare to greenhouse gases emission.
GHG release in health care originates from numerous sectors,
such as the supply chain (71%), indirect emissions which
include electricity, cooling, heating, etc. (12%), and finally,
direct emissions from facilities (17%) [7].

Peri-operative care, which includes the emission of
anaesthetic gases, is a particularly significant contributor

to the carbon footprint of health care, specifically direct
emissions from health care facilities [8]. Their contribution
to the GHG emission is estimated at around 0.6% [7] and
tends to increase [9]. Data from a recent document issued by
the American Society of Anesthesiologists (ASA) [8] suggest
that anaesthetic gases may account for 3% of GHG release
from health care. From a wider perspective, anaesthetic gases
contribute to global GHG emissions at 0.1% [10]. However, it
is important to remember that the long-term consequences
of substance accumulation are still unknown.

All of this data places anaesthesiologists in a unique
position as individuals who can have a great impact on
reducing the environmental footprint of hospitals and the
health care sector.

Greenhouse gases. The term ‘greenhouse gases’ is widely
used in the context of climate change. It refers to gases that
can retain energy originating from solar radiation that is
absorbed by the Earth’s surface and then emitted back into
the atmosphere as infrared radiation [11]. This ability is
described by the Global Warming Potential (GWP) and
depends on two variables - its ability to absorb infrared
radiation and the duration for which a gas remains in the
atmosphere without degradation [12]. GWP is referenced
to CO2 and for this gas, it has a value of 1 [12]. Moreover,
GWP can be analyzed in specific timeframes, which should
be chosen based on the specification of the given gas and
analytical needs. However, typically, basic GHG timeframes
of 20, 100, and 500 years are used (GWP20, GWP 100, and
GWP500) [13]. This should raise awareness about using
these substances, which are considered to be GHG and,
when feasible, increase efforts to limit their emission into
the environment.

Volatile anaesthetic gases — potent greenhouse gases.
Volatile anaesthetic gases — sevoflurane (fluoromethyl
hexafluoroisopropyl ether), desflurane (difluoromethyl
1,2,2,2-tetrafluoroethyl ether), isoflurane (1-chloro-2,2,2-
trifluoroethyl difluoromethyl ether), and N2O, can absorb
infrared radiation due to their chemical structure and,
therefore, are considered potent greenhouse gases [8].
Additionally, N20O and isoflurane (the latter contains the
chlorine atom in its structure) also contribute to ozone layer
depletion [8-10], thereby reducing its protective abilities
against UV radiation [10]. Therefore, anaesthetic gases have
a significant impact on the environment, but they also vary
from one another on this issue (Tab. 1).

A comparison of these gases based on their GWP100
reveals considerable differences. Desflurane has the highest
GWP100 among the analyzed agents, ranging from 2300-
2540, depending on the source [13, 14]. Sevoflurane has
a GWPI100 ranging between 130-185 [9, 13, 14] while
isoflurane ranges from 490-510 [13, 14].

Volatile anaesthetics also differ among themselves
according to how long they stay in the atmosphere in their
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original form. Once again, desflurane ranks first with
a duration of 14 years in the atmosphere, with isoflurane
ranking second with 3.2-3.6 years, and last — sevoflurane
with 1.1-1.9 years [8, 9, 15]. Nitrous oxide (N20) should
also be acknowledged in this context. Due to its properties
(it requires very high concentrations to achieve adequate
anesthesia) N2O is rarely used alone, but rather with other
volatile agents as a carrier gas [16]. GWP of N20O is 265 and
its atmospheric lifetime is approximately 123 years [14].

However, it is important to take into account a broader
perspective of the situation. The environmental impact ofthe
mentioned substances also depends on how much of these
agents are used in a specific timeframe, which is influenced
by how high the concentration in the breathing mixture of
volatile anaesthetic should be accomplished for adequate
anaesthesia [9, 15]. When considering this aspect as well,
desflurane once again performs unfavourably as it requires
ahigher concentration to achieve adequate anaesthesia [9]. In
summary, desflurane has the highest climate impact among
the volatile agents [17].

To better illustrate the scale of the greenhouse potential
of anaesthetic gases, their impact is often compared to CO2
emissions from car travel. According to data from Ozelsel
TJ-P. etal. [15], using sevoflurane at 1L/min Fresh-Gas Flow
(FGF) for 7 hours has the same environmental impact as
driving 1,566 kilometres. On the contrary, using desflurane,
under the same condition (FGF = 1L/min for 7 hours) is
equivalent to driving 7,849 km.

Table 1. Environmental characteristics of commonly used volatile
anaesthetic agents [14]

Volatile anaesthetic SEVOFLURANE DESFLURANE  ISOFLURANE N20

Ozone depleting ) ) (+) (+)
potential

Lifetime in 1.9 14.1 35 123
atmosphere (years)

GWP100 185 2300 490 265
POSSIBLE SOLUTIONS

Based on the analysis of the above data, the appropriate
reaction seems to be striving to minimize as much as
possible the emission of harmful anaesthetic agents into
the environment. However, it should also be remembered to
prioritize the well-being of the patients and act with caution
(18, 19].

One of the major challenges in reducing the environmental
impact of anaesthesia is the lack of awareness on this topic [18].
Gonzalez-Pizarro P.etal. [20],in their recommendations agree
with this statement, and emphasize that the environmental
impact of healthcare and anaesthesia is not covered during
medical training at university before physicians begin
their practice. This issue needs to be addressed. White SM.
et al. [17] recommend that education about the harmful
effects of anaesthesiologists’ actions on the environment
should be incorporated and discussed during specialisation
training. This education should be multifaceted and utilize
various teaching methods. When conducted effectively, it
can lead to highly desirable positive behavioural changes
[18]. However, education and proper training alone are not

sufficient. Authorities should implement changes regarding
such significant and important issues top-down, starting
from the highest levels, through clear and specific strategies
[21]. Additional motivation may come from the fact that
reducing the harmful environmental impact of anaesthetic
gases often aligns with reducing the overall cost [18].

Avoiding specific substances. One of the primary strategies
to reduce the environmental impact of anaesthesia is to limit
or eliminate the use of certain substances. As mentioned
above, the most harmful anaesthetic agents are desflurane
and N20, and most articles and recommendations focus on
these substances [8, 10, 18, 22-24]. Gonzalez-Pizarro P, et
al. [20] with 94% consensus recommend the superiority of
sevoflurane over isoflurane and desflurane. Wyssusek K, et
al. [25] even suggest that despite the fact that desflurane may
have some advantages over sevoflurane in specific clinical
situations, these differences are so minimal that, when
considering the significant harmful effect of desflurane on
the environment, the benefits of its elimination from clinical
practice become predominant. White SM, et al. [17], however,
propose defining strict and clear guidelines on when the
usage of desflurane should be allowed, rather than completely
discontinuing its use.

Fresh Gas Flow (FGF). Defined by the amount of uninhaled
gases delivered to the breathing circuit during anaesthesia,
with the flow rate typically measured in litres per minute
(L/min). Proper FGF is crucial for maintaining the correct
concentration of anaesthetic agents in the breathing circuit.

The discussion about Fresh Gas Flow (FGF) during
general anaesthesia in the context of reducing the emission
of anaesthetic agents into the environment is quite dynamic.
However, it is generally accepted that the use of Low-Flow
FGF (0,5-2L/min) is widely recommended [19, 20, 23].
Gordon D. [22] in his study emphasizes that this action
is the second most critical factor in reducing the carbon
footprint of volatile agents.

The recommended FGF for sevoflurane is 2L/min, and 0.5-
1L/min for desflurane and isoflurane [10]. Previously, there
were some concerns about FGF below 2L/min for sevoflurane,
due to rising concerns about the possible nephrotoxicity of
Compound A, which forms when sevoflurane reacts with
CO2-absorbers during Low-Flow anaesthesia [22]. Recent
findings, however, report that FGF at 1L/min for sevoflurane
is safe [26]. Some studies recommend even lower values (0.5L/
min) of FGF for sevoflurane during the maintenance phase of
anaesthesia [20, 24]. Additionally, because Low-Flow reduces
the overall consumption of anaesthetic gases, it may also
contribute to cost reduction [25]. However, it is important
to note that this technique may lead to faster degradation
of CO2-absorbers during the anaesthesia, therefore careful
monitoring of their lifespan is recommended [22, 26, 27].

Volatile Capture Technologies (VCT). In the human body,
anaesthetic gases undergo minimal metabolism [10, 25] - for
sevoflurane, only 4% and for other agents it is less than 1%
[28]. This means that the majority of used anaesthetic gases
enter the atmosphere in their unchanged form. Some systems
and technologies are emerging which allow capturing these
agents [8, 20, 29]. They are generally referred to as Volatile
Capture Technologies (VCT). Captured anaesthetics gases
could be further extracted and undergo some reprocessing
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(to less harmful substances) [8, 20, 29]. Additionally, in some
countries, such as Canada, Austria, and Germany, some
regulations are being introduced that enable the reuse of
captured volatile anaesthetics (after purification), which may
significantly contribute to reducing their harmful impact on
the environmental [29].

Hu X et al. [28], their study estimated the effectiveness of
VCT technologies at around 70%; however, Gandhi, J., et al.
[29] highlight that this value may be overestimated additional
ESAIC and ASA, indicating that some anaesthetic gases can
still escape into the environment due to deep extubations
when released during the waking up process in post-operative
care units [8, 20, 30].

Another limitation of VCT technology is the presence of
leaks in anaesthesia circuits, which may result from suboptimal
airway management techniques [29]. Proper sealing of the
cuffs on airway devices is also critical to minimizing leakage
from the circuit [31]. Induction with volatile agents, commonly
used in paediatric anaesthesia, can significantly increase
the emissions of anaesthetic gases into the atmosphere [22,
30]. To reduce this outcome, turning off the FGF during
intubation until the circuit is closed again, is recommended
[22, 31]. As aresult, the anaesthetic gases do not escape from
the system into the surroundings. However, these actions are
recommended only for experienced professionals [22].

Alternatives - Total Intravenous Anaesthesia (TIVA).
Propofol - used in total intravenous anaesthesia — has
a significantly lower carbon footprint than volatile agents
[28], although it still has some negative impact on the
environment [10, 17]. This should be taken into consideration,
especially because propofol is a significant contributor to
drug wastage in medical facilities (up to 50% of drowned-up
propofol is being thrown out without usage [32]) and when
unmetabolized, it is environmentally persistent and toxic to
the aquatic ecosystem [27, 31, 32]. Van Norman GA, et al. [31],
however, highlights that adequate planning of anaesthesia
and choosing the smallest possible ampoules of propofol
can significantly reduce its environmental impact. In this
anaesthesia technique, concerns may arise regarding the
amount of single-use syringes, ampoules, and tubing utilized,
as well as their impact on the environment [33].

Despite some doubts, total intravenous anaesthesia is still
recommended (when clinically acceptable) as an alternative
for volatile anaesthetics for reducing the general anaesthesia
impact on the environment [8, 20, 22].

CONCLUSIONS

Minimizing the environmental impact on healthcare
involves addressing the ecological footprint of substances
used in daily medical practice. Anaesthesiologists often use
agents that have significant environmental impacts, which
has made reducing their footprint a key priority. Education
and awareness within the anaesthesiology community play
a key role in these efforts.

Practical strategies can also be valuable in reinforcing
core principles. Van Norman GA, et al. [31] suggest adopting
the ‘5R’ strategy - reduce, reuse, recycle, rethink, research.
White, SM, et al. [17] strongly advocate for adherence to
this approach. For anaesthetic gases, the focus should
particularly be on ‘reduce’ - minimizing overall use and

lowering FGF during inhalational anesthesia; ‘rethink’
- considering alternatives for a given gas or anaesthesia
method; and ‘research’ - continuously educating oneself on
the environmental impact of clinical practices and exploring
innovative solutions.
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