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The Power of Education to Reduce the Carbon
Footprint of Volatile Anesthetics in Clinical Practice

Arne Schwiethal, MSc,! Sascha Treskatsch, MD,2 Jannis Michael, MSc,* Moritz Hoft, MD,3
Claudia D. Spies, MD,3 and Susanne Koch, MD345°

BACKGROUND: Due to their chemical nature as fluorinated hydrocarbon compounds, vola-
tile anesthetics are highly potent greenhouse gases, with desflurane having by far the largest
CO,-equivalent (CO,e) footprint. In everyday clinical practice, the CO,e footprint can easily be
reduced through the increased use of propofol or sevoflurane as well as low- and minimal-flow
techniques or through the more frequent use of regional anesthesia techniques. We wanted to
assess to what extent educational measures on sustainability aspects of the use of volatile
anesthetics had an impact on daily practice in anesthesiology departments and to what extent
this influenced the hospital’'s CO,e emissions.

METHODS: We conducted an observational data analysis of the consumption of anesthetics
(sevoflurane, desflurane, isoflurane, and propofol) at all 3 clinical Charité campuses in the
period from 2015 to 2023. The CO,e emissions were calculated for sevoflurane, desflurane,
and isoflurane. External and internal (top-down or bottom-up) educational measures focusing
on sustainability in anesthesia took place from September 2018 on. Shifts in CO,e emissions
related to the educational measures are shown in a run chart. The number of surgeries, surgery
duration, and purchasing costs were included in the analysis.

RESULTS: CO,e emissions of volatile anesthetics were reduced by 90.3% from the baseline
epoch (years 2015-2017) before educational interventions took place to 2023: CO,e 1470
tons (mean 2015-2017), to 191 tons (2022) to 142 tons (2023). This change was brought
about by the phasing out of desflurane and the use of propofol or sevoflurane and regional anes-
thesia where appropriate. The fastest and most sustainable changes were seen after internal
top-down measures. The total cost of anesthetics also fell over the period under review (from
€541,102/$594,238 in 2015 to €281,646/$309,303 in 2023).

CONCLUSIONS: Educational measures for anesthesiologists about the climate-damaging
effects of volatile anesthetics—especially desflurane—can significantly reduce CO,e emissions
in anesthesia clinics. On the positive side, these measures have also reduced the annual costs
for anesthetics. (Anesth Analg 2025;141:868-875)

KEY POINTS

Question: To what extent can education on the carbon footprint of volatile anesthetics (des-
flurane, sevoflurane, and isoflurane) reduce the daily practice-related carbon emissions in
anesthesiology departments?

Findings: The carbon footprint of volatile anesthetics was reduced by ~90% over 5 years in
3 university anesthesiology departments simply through repeated lectures, publications, and
adaptation of internal standard operating procedures on the climate impact of volatile anes-
thetics. This also resulted in significant cost savings.

Meaning: Education is an effective, cost-efficient, and quick-to-implement measure to reduce
the carbon footprint of daily anesthesiology practice.
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deal with the consequences of climate change

in the future.! The limit of 1.5 °C global warm-
ing was exceeded in 2024, and further global warm-
ing is already “in the pipeline.”> Policy makers are
aiming for net zero emissions while allowing fossil
fuel extraction to continue to rise and coal, oil, and
gas companies around the world to reap unchecked
high profits. But the health care sector itself is also
responsible for ~4.4% of total greenhouse gas emis-
sions worldwide (Health Care Without Harm) and
~5.2% of greenhouse gas emissions in Germany.® In
2019, a climate protection agreement was signed
between the Charité and the state of Berlin with the
aim of reducing total greenhouse gas emissions at all
3 hospital sites of the Charité Universitdtsmedizin
Berlin (Campus Virchow Klinikum [CVK], Campus
Benjamin Franklin [CBF], and Campus Charité Mitte
[CCM]). Charité’s CO2-equivalent (CO2e) emissions
amounted to ~126.6 thousand tons per year.* By the
end of 2021, CO2e emissions could be reduced to
104.8 thousand tons, primarily through the installa-
tion of a combined heat and power plant on Charité’s
CVK campus.*

To reduce the carbon footprint in anesthesiology
departments, the next important issue after reduc-
ing energy consumption and switching to renewable
energy is the daily use of volatile anesthetics.” These
substances, classified as hydrofluorocarbons or chlo-
rofluorocarbons (HFCs/CFCs), are almost completely
released into the atmosphere after general anesthe-
sia due to their low metabolization rate (<5%).° It is
important to know that volatile anesthetics have a
much higher global warming potential (GWP) com-
pared to CO,. In the case of desflurane, the GWP over
a period of 100 years (GWP,) is 2540 times higher
(Supplemental Digital Content 1, Table S1, http://
links.lww.com/AA /F169).” In contrast to CO,, how-
ever, volatile anesthetics have a relatively short atmo-
spheric lifetime of <10 years.” The short-term warming
effect is therefore even greater than the commonly
used GWP,y, as it only indicates a residual effect of
their climate impact (Supplemental Digital Content
1, Table S1, http://linkslww.com/AA/F169).38
Unfortunately, this knowledge is not yet part of stan-
dard training in anesthesia (at least in Germany), and
many anesthetists are not yet aware of this.” For this
reason, we have been trying to educate our colleagues
in the Departments of Anesthesiology and Intensive
Care Medicine at Charité since spring 2018.

Here we present an evaluation of the effective-
ness and sustainability of these courses in the anes-
thesiology departments of the Charité. We assessed
the change in CO,e emissions caused by volatile
anesthetics in the period from 2015 (3 years before
the start of the courses) to the end of 2023 for each

The health care sector will increasingly have to
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clinical site of the Charité, depending on the timing
and type of courses.

METHODS

We conducted a retrospective analysis at all 3 clini-
cal campuses of the Charité (CVK, CBF, and CCM)
to investigate the impact of external or internal (top-
down or bottom-up) interventions focusing on the
sustainability of anesthetics (desflurane, sevoflurane,
isoflurane, and propofol) on daily practice and use
of anesthetics by anesthetists at the 3 different cam-
puses. We calculated the carbon footprint (CO2e) in
connection with the amount of anesthetics used per
quarter (Q1, Q2, Q3, and Q4) for the years 2015 to
2023 for each individual Charité campus and for all
campuses together. The observation period begins
in the first quarter of 2015 and ends in the fourth
quarter of 2023. The intervention period began in
September 2018 (fourth quarter of 2018), with the last
intervention taking place in March 2023. This selec-
tion created a comparable baseline before the start
of educational efforts within the Charité anesthesiol-
ogy departments in 2018. Our data were extracted
from the in-house pharmacy department and the
business unit, which are datasets without patient
identifiers. Therefore, our dataset did not contain
any patient data.

Data Set

Interventions. We categorized interventions into
external and internal events. External events included
anesthesiological congresses and symposia in Berlin
or scientific publications in the leading German
anesthesiological journals by a member of our
departments. Internal events either included teaching
events in one of the clinics (bottom-up) or clearly stated
sustainable decisions by the head of the department
or the implementation of a standard operating
procedure (SOP) with a focus on the sustainable use
of anesthetics (top-down). We assume that external
events would reach ~5% to 30% of anesthetists at all
3 clinical campuses of the Charité. Internal bottom-up
events (teaching events) could reach approximately
50% to 80% of the anesthetist at the individual
Charité campus where the teaching event took place.
Internal top-down events are most likely to reach
100% of the members of the department, as they are
mandatory for all members of the department. A list
of all intervention events from September 2018 to
March 2023 can be found in the Table. In particular,
attention was drawn to the very high CO,e footprint
of desflurane compared to sevoflurane, isoflurane,
or propofol. It was therefore recommended that the
use of desflurane should be avoided. Sevoflurane
and isoflurane should be administered in minimal- or
low-flow techniques and, if possible, total intravenous
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Table. List of Interventions Showing the Date, Location, and a Detailed Description of the Type and Content

of Each Intervention
Intervention

Date Campus  group Intervention description
September All External Info desk at the German
2018 anesthesiological
congress in Berlin
December CBF Internal Decision from the head
2018 top-down of the department
September CVK Internal Lecture
2019 bottom-up
December CCM Internal Lecture
2019 bottom-up
July 2020 All External Publication in German
and August anesthesiological
2020 journals
March 2021 All External Specialist training course
in Berlin
November CBF Internal Setup a “Green-Team”
2021 bottom-up
March 2022 All External Specialist training course
in Berlin
September CBF Internal Standard operating
2022 top-down procedure
March 2023 All External Specialist training course

in Berlin

Content of intervention

Climate change impact on health/carbon footprint of the health care
sector/high carbon footprint of desflurane

Stop the use of desflurane

Climate change impact on health/carbon footprint of the health care
sector/high carbon footprint of desflurane

Climate change impact on health/carbon footprint of the health care
sector/high carbon footprint of desflurane

Climate change impact on health/carbon footprint of the health care
sector/high carbon footprint of desflurane/ recommendation to use low-
and minimal-flow anesthesia or TIVA/ recommendation to avoid single-
use material/ High energy needs of anesthesiological departments

https://pubmed.ncbi.nim.nih.gov/32346776/ and doi: 10.19224/
ai2020.329 (German)

Clinical anesthesiology/high carbon footprint of desflurane,
recommendation to use of low- and minimal-flow anesthesia or TIVA

Green-Team within the anesthesiological department, change clinical
practice toward a more sustainable way/ recommendation to use low-
and minimal-flow anesthesia or TIVA/recommendation to avoid single-
use material/high energy needs of anesthesiological departments

Clinical anesthesiology/high carbon footprint of desflurane,
recommendation to use of low- and minimal-flow anesthesia or TIVA

Implementing a SOP for sustainability in anesthesiology: primary use of
TIVA with propofol, use always low and minimal flow for sevoflurane
anesthesia, no more use of desflurane

Clinical anesthesiology/high carbon footprint of desflurane,
recommendation to use of low- and minimal-flow anesthesia or TIVA

The interventions were divided into external and internal interventions. External interventions refer to anesthesiology training on the topic of sustainability in
the region (Berlin). Internal interventions took place at individual sites and are further divided into “top-down” and “bottom-up” interventions, with “bottom-up”
interventions being further training, lectures or publications of a nonbinding nature, while “top-down” interventions indicate binding guidelines from the respective

hospital management.

Abbreviations: CBF, Campus Benjamin Franklin; CCM, Campus Charité-Mitte; CVK, Campus Virchow Klinikum; TIVA, total intravenous anesthesia.

anesthesia (TIVA) with propofol or regional anesthesia
should be preferred.

In January 2020, the Commission for Sustainability
in Anesthesiology of the German Society for
Anesthesiology and Intensive Care Medicine (DGAI)
was established by one of the authors (S.K.). In the
following month, various manuscripts on the topic
were published, including a position paper focus-
ing on sustainability in anesthesiology.®!%!! In 2021,
2 members of the Department of Anesthesiology
launched a German-language podcast on the topic
of sustainability in anesthesiology, and public media
also picked up the Department of Anesthesiology's
efforts on the climate impact of anesthetic gases.!*4
However, as these were informal events, they were
not included in the list of interventions. Importantly,
no anesthetic gas filters or recycling cartridges were
installed at all Charité campuses by the end of 2023,
nor were stickers with information on the carbon
footprint of anesthetic gases affixed to the ventilators
in the departments.

Anesthetic Consumption. The relevant measured
variable was the consumption of the individual
anesthetics (sevoflurane, desflurane, isoflurane,
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propofol) per Charité campus, whereby the quarterly
purchase quantity for sevoflurane, isoflurane,
desflurane, and propofol (concentrations: 0.5%, 1%,
and 2%) (Supplemental Digital Content 1, Table S2,
http:/ /links.lww.com/AA /F169) and the associated
costs per campus were requested from the in-house
pharmacy. In the evaluation, it was assumed that the
quantity purchased corresponds to the consumption
quantity. Based on the chemical properties and
concentrations of the individual preparations,
the quantities of pure substance consumed were
determined. The GWP (CO,e) was then calculated
on the basis of data from Sulbaek Andersen et al”
and Ozelsel et al'® over the timeframe of 100 years
(GWP,y), and over the timeframe of 5 years (GWP5)
to take into account, the chemical nature of volatile
anesthetics, which already have the majority of their
climate impact in the first 5 years after release. CO,e
emissions are presented for the timeframe of 5 years
(GWPs).

Costs. In addition to the consumption of anesthetics,
the costs for the purchase of individual anesthetics
were also included in the analysis. To account for a
decrease in the number of operations in 2020 and
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2021 due to the coronavirus disease-2019 (COVID-
19) pandemic restrictions and a strike by health
care staff at Charité lasting several weeks,'® we
also calculated the CO,e emissions standardized
to operation hours (CO,e emissions kg/h of
operation). The number and duration of operations
were taken from the clinical database with the
following attributes: operations under general
anesthesia: incision-suture time >0/anesthesia time
>0; operations with local or regional anesthesia:
incision-suture time >0/anesthesia time = 0.

Statistical Analysis

Statistical analyses were performed with the SPSS
software program, version 26 (copyright SPSS, Inc).
The data are presented as counts or as calculated
parameters. The temporal course of CO,e emissions
(GWP5) as a function of the quarterly consumption
of the anesthetics used (desflurane, sevoflurane, iso-
flurane, and propofol) is shown as a run chart figure
for each individual clinical campus of the Charité
and for all campuses together.!” External and internal
events are included in the run chart graph. To get an
overview, we compared the CO,e values before and
after the first external intervention. We draw a center
line for the entire period, as well as a center line for
the period before the interventions started (Q1/2015-
(Q3/2018) and a center line after the interventions
started (Q4/2018-Q4/2023).

The differences in CO,e emissions before and after
intervention measures are shown as a box plot using
Student t test or Mann-Whitney U test, if the normal
distribution is missing. The effects of the individual
internal events were determined on the basis of data
from 4 quarters before and after the measure.

RESULTS

In the 3 years before the first intervention (2015, 2016,
and 2017) the CO,e emissions (GWP;) from all Charité
campuses caused by the use of volatile anesthetics
summed up to >7500 tons/y (2015 = 7577 tons; 2016 =
8130 tons; and 2017 = 8169 tons) and fell continuously
after the first external intervention in September 2018
to finally 1454 tons in 2023 (2018 = 6792 tons; 2019
= 4309 tons; 2020 = 3420 tons; 2021 = 2193 tons; and
2022 = 1957 tons). CO,e emissions (GWP;) fell from
1538 tons in 2017 to 142 tons in 2023 (Supplemental
Digital Content 1, Table S3, http://links.Iww.com/
AA/F169).

Before the start of the interventions median of
2009 tons/quarter CO,e was emitted at Charité, with
large differences between the individual hospital sites
(median CO,e emissions: CVK = 1189 tons/quarter,
CBF = 592 tons/quarter, CCM = 173 tons/quarter)
(Figure 1). These differences are mainly related to the
different use of anesthetics, also depending on the
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surgical departments, as well as the different num-
ber of operating theaters (CVK 32 operation theaters
with 12 intervention places; CBF: 21 operation the-
aters with 3 intervention places, CCM: 15 operation
theaters). After the interventions, CO,e emissions at
Charité in general, but also at each individual cam-
pus, have decreased significantly (Supplemental
Digital Content 1, Table S4, http://links.lww.com/
AA/F169).

The short-term effects (1 year) of internal measures
were significant for top-down interventions in every
case and showed an impressive and rapid reduction,
while bottom-up measures did not always lead to a
clear and sustainable reduction in CO,e emissions
(Figures 1 and 2; Supplemental Digital Content 1,
Table 54, http:/ /links.lww.com/AA /F169). The over-
all reduction was mainly driven by the phase-out of
desflurane. Today, desflurane is no longer used in
any of the anesthesiology departments at Charité.
The fastest and most sustainable reduction in CO,e
emissions occurred after internal top-down interven-
tions (Figures 1C and 2), while external interventions
or internal bottom-up interventions also resulted
in a long-term reduction, but short-term setbacks
could also occur (Figures 1B, 1D, and 2) and continu-
ous measures were required to achieve a sustainable
reduction.

Cumulative surgery hours were initially stable
in the reporting period from 2015 to 2019, followed
by a decline in 2020 and 2021 and a recovery in the
total number of surgeries from 2022 on. As this could
have biased our results, we have recalculated the
CO2e emissions normalized to operating hours as a
sensitivity analysis, where we did not find any major
difference in the dynamics and the overall result
(Supplemental Digital Content 1, Figure S1, http://
links.lww.com/AA /F169).

It is important to note that from 2020 onwards
there was an increase in operations performed under
local or regional anesthesia (Supplemental Digital
Content 1, Figure S1, http://links.lww.com/AA/
F169), which was also part of the sustainable recom-
mendations (Table).

The annual cost trend for the anesthetics described
here was also decreasing (annual total costs 2015:
€541,102/$594,238 to 2023: €281,646/$309,303),
with the largest cost savings achieved by reducing
and finally eliminating desflurane (Supplemental
Digital Content 1, Figure S1, http:/ /links.Iww.com/
AA/F169). We also adjusted the costs to anesthesia
duration. We found again a clear decrease in the cost
per hour of general anesthesia at all 3 clinical sites
(Figure 3), and for all Charité campuses together
from €2.34/$2.57 in 2015 to €1.05/$1.15 in 2023,
with the increased purchase of propofol driving
down costs.
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Figure 1. CO,e emissions in tons from all anesthetic gases (desflurane, sevoflurane, and isoflurane) over 108 mo (from January 2015 until
December 2023) at (A) all 3 anesthesiological departments of the Charité, (B) CVK, (C) CBF, and (D) CCM. The overall central line (black)
indicates the median CO,e emissions over the whole period, the red central line indicates the median CO,e emissions before any intervention
took place, and the green central line indicates the median CO,e emissions after the start of interventions in September 2018 (month 46).
Time points of external interventions are marked in (A) with little red arrows on the y-axis. Time points of internal “bottom-up” and “top-down”
interventions at the individual anesthesiological departments are marked with black arrows and blue circles indicate the run of emissions
before and after the intervention (B-D). There is a clear shift of the centerline after interventions started in month 46 (September 2018) to
lower CO,e emissions at all 3 anesthesiological departments of the Charité, and in the overall picture (A). The most rapid and sustained CO,e
reduction occurred after a top-down decision at the CBF Campus (C) in December 2018 (month 48). For the CO,e, we used the timeframe of
5y (GWPs). CBF indicates Campus Benjamin Franklin; CCM, Campus Charité Mitte; CO,e, CO, equivalents; CVK, Campus Virchow Klinikum;
GWP;s, global warming potential over a period of 5 years.

DISCUSSION of CO,e, which corresponds to ~1.4% of Charité’s
The CO,e footprint of volatile anesthetics could be sig-  total annual CO,e emissions (104.8 thousand tons
nificantly reduced (by ~87% to 90%) from 2018 to 2023 in 2021).

at Charité’s 3 clinical campuses by repeatedly inform- This significant reduction was achieved by the

ing about the impact of volatile anesthetics on global ~ definitive abandonment of desflurane in line with
warming. We found the most rapid (3-6 month) and  an increased use of sevoflurane and TIVA with
sustained reduction after internal “top-down” mea-  propofol) as well as a switch to more regional anes-
sures were taken. In contrast, after external or internal thesia techniques. According to the content of the
“bottom-up” interventions, setbacks can occur within training measures and an overall cost reduction, it
the next month. However, through repeated interven-  can also be assumed that low-flow and minimal-
tions, external or internal “bottom-up” measures can  flow techniques were implemented more consis-
also achieve a sustainable and significant reduction of ~ tently, although this cannot be clearly proven with

the CO,e footprint of volatile anesthetics. our data.

At the same time, a large reduction of costs due to As mentioned above, the most significant and
the change in anesthetists” usage behavior could be  sustainable CO,e reduction was achieved after
demonstrated. a top-down decision by the head of the anesthe-

Within 6 years, training measures withinthemed-  siology clinic at the CBF campus. The head posi-

ical teams of the 3 Departments of Anesthesiology  tion was newly filled in November 2018 and right
and Intensive Care Medicine at the Charité have  at the beginning, the new head of the department
saved a cumulative 6366 tons of CO,e (GWPy). ordered a stop to desflurane. This finding clearly
This corresponds to the annual CO,e footprint of  demonstrates the high level of responsibility that
~600 people living in Germany.'® In 2023, the con-  people in leadership positions have in the current
version of anesthesia saved a total of 1396 tons  climate crisis situation. Their decisions can lead to a
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Figure 2. Change in CO,e emissions in tons from all anesthetic gases (desflurane, sevoflurane, and isoflurane) before and after interventions
took place. External interventions (A) compared the period before any intervention (Q1/2015-Q3/2018) and after the start of interventions in
September 2018 until the end of our observation (Q4/2018-Q4/2023). Boxplots are medians (horizontal line) with interquartile range (edges
of box) and 10th to 90th centiles (error bars). We found a significant reduction of CO,e emissions at each individual clinical site (CVK, CBF, and
CCM), as well as for the whole Charité (t test). Internal interventions (B) compare 1 year before the single internal intervention took place, until
1 year after the intervention. Internal top-down interventions also lead to a clear CO,e reduction within 1 year, whereas the single bottom-up
interventions showed an ambiguous picture (Mann-Whitney U test). CBF indicates Campus Benjamin Franklin; CCM, Campus Charité Mitte;
CO,e, CO, equivalents; CVK, Campus Virchow Klinikum.
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Figure 3. Development of the costs per anesthesia hour (in €) quarterly analyzed over 108 mo (from January 2015 until December 2023) at
CBF (A), CCM (B), CVK (C), and all 3 anesthesiological departments of the Charité (D). Overall centerline (black horizontal line) indicates the
median costs over the whole period of 108 mo, the red horizontal line indicates the median costs per anesthesia hour before interventions
started (month O until 46), and the green horizontal line indicates the median costs per anesthesia hour after interventions started (month
47 until 108). There is a clear shift of the centerline after interventions started in month 46 (September 2018) to lower costs per anesthe-
sia hour in all 3 anesthesiological departments of the Charité. CBF indicates Campus Benjamin Franklin; CCM, Campus Charité Mitte; CVK,
Campus Virchow Klinikum.
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volatile anesthetics over a 3-year period.” They found
a comparable overall reduction in the CO,e footprint
of 64%, combined with significant cost savings. In
view of rising CO,e prices in the future, a change in
usage behavior could lead to even greater cost sav-
ings in the coming years.

Both studies show that a significant and financially
advantageous reduction in CO,e emissions in terms of
sustainability in anesthesia can be achieved through
training measures alone.

Use of Anesthetics

A survey of German anesthetists in 2020 revealed
that in ~50% of cases (multiple answers possible),
the choice of anesthetic to be administered was
based on local standard practice and the availability
of the anesthetic at the workplace. Only in ~35% of
cases were patient-related indications and in ~33%
operation-related indications were decisive for the
choice of the anesthetic.? It can therefore be assumed
that a change in anesthesia practice is possible in most
cases without endangering the patient.

In the survey, in particular younger colleagues
expressed a desire for more comprehensive training
in regional anesthesia procedures.?

In this respect, the increase in regional anesthe-
sia procedures from 2021 in our study is interesting.
In contrast to a simple change of anesthetic agent
(sevoflurane or propofol instead of desflurane), the
more frequent use of regional anesthesia techniques
requires equipment (including sonography equip-
ment) and training measures in advance that enable
younger colleagues to use these techniques. Based
on the data available in the current study, it can be
assumed that more regional anesthesia procedures
have been taught at the Charité in recent years and
that these will be used more frequently in the future,
depending on patient preference or surgical indi-
cation. The expanded expertise of anesthetists is an
advantage for patients and for the climate.

In another worldwide survey of anesthetists, it was
found that 83% prefer anesthesia with sevoflurane and
only 6% to 12% administer desflurane in their daily
routine.?! In developing countries (mostly) in Africa
and the Middle East, isoflurane is the second most
commonly used volatile anesthetic.?! As only 45% of
respondents reported knowing the differences in the
carbon footprint of anesthetics, this suggests that the
decision to primarily administer sevoflurane or isoflu-
rane is not only based on climate concerns but also on
the difference in cost or simply local standard practice.

Another way to reduce the CO,e footprint of anes-
thetic gases could be achieved by separating and
recycling the anesthetic agents. In the first life cycle
assessment (LCA) comparing the CO,e footprint of
volatile anesthetics including the use of anesthetic gas
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recycling solutions with TIVA, it was shown that for des-
flurane even under minimal-flow conditions (0.5 L/ min)
no sufficient reduction of the CO,e footprint could be
achieved (only ~ 32.5%).2 In another study analyzing the
captured amount of desflurane in a clinical setting, only
~25% of the desflurane administered for general anesthe-
sia could be captured.?* However, it also appears that in
the future the use of anesthetic gas recycling filters could
be beneficial for the use of sevoflurane.2

Limitations

We have not included the cost of the necessary materi-
als to safely administer TIVA or regional anesthesia in
our calculation, so the actual costs are likely to be higher
with increased use of TIVA and regional anesthesia
procedures. In addition, costs were not adjusted in our
results for the general increase in costs from 2015 to
2023. Therefore, it can be assumed that there would have
been an increase in costs if purchasing conditions had
remained unchanged. Nevertheless, here presented real
costs of the sole anesthetic decreased overall indicating an
economic benefit of our sustainability efforts. In future,
higher quantities of sevoflurane and propofol could also
lead to a better purchase price being negotiated.

The decline in the number of operations due to
the COVID-19 pandemic and the prolonged strike
by health care staff has had an impact on our data.
However, after adjusting the CO,e emissions to the
operating hour, a significant decrease in CO,e emis-
sions independently remains.

CONCLUSIONS

We were able to show that the CO,e footprint related
to the use of anesthetics could be reduced within a
few months or 1 to 2 years just by educating and train-
ing anesthetists. Just by changing our daily practice
combined with a clear directive announcement, we
have reduced the CO,e footprint at the Charité by a
few hundred to thousand tons per year.

We are living in times of climate change and the 1.5
°C limit has been exceeded in the year 2024 leading to
increased numbers of climate related catastrophes in
the near future.?”? Leading climate scientists have
urgently recommended that greenhouse gases with a
short atmospheric lifetime of <20 years in particular
should be significantly reduced in the near future.?
Compared to CO, or N,O, volatile anesthetics have
a very short atmospheric lifetime of <10 years. As
anesthetists, we now have a unique opportunity to
contribute to the reduction of global warming in the
coming years by simply adapting our daily anes-
thetic practice. &
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