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Background: Climate change is one of the leading threats to humanity today, and the practice of anaesthesia has an appreciable
impact on it. This study aims to determine the knowledge regarding environmentally sustainable anaesthesia and the current
practices of anaesthetists working in the Department of Anaesthesiology at the University of the Witwatersrand.

Methods: A prospective, descriptive research design was followed. The study population consisted of all anaesthetists working in
the Department of Anaesthesiology at the University of the Witwatersrand. A convenience sampling method was used. Data was
collected through an online, self-administered questionnaire.

Results: There were 141 responses to the distributed questionnaire. Adequate knowledge of environmentally sustainable
anaesthesia was found in 14.90% of participants. There was no significant association between adequate knowledge and age,
professional designation, or years of experience (p = 0.949). The detrimental effect of inhalational anaesthetic gases (IAG) on the
environment was widely known; however, only 15.60% of participants were aware of the risk of propofol to marine life, and 81.56%
thought that reusable equipment poses an infection risk. Fresh gas flows (FGF) were not calculated by 66.67% of participants, and
their respective knowledge of them was low. Anaesthetic practices were environmentally unsustainable since they were not in
keeping with the World Federation Societies of Anaesthesiologists (WFSA), the American Society of Anesthesiologists (ASA), or the
South African Society of Anaesthesiologists (SASA) guidelines.

Conclusion: The knowledge of environmentally sustainable anaesthetic practices was low among all anaesthetists at the
University of the Witwatersrand; however, there was fair knowledge of the environmental impact of IAGs. Anaesthetic practices
were generally environmentally unsustainable, possibly due to the low level of knowledge. Financial constraints and resource
limitations need to be considered when analysing practices. Anaesthetists need further training in environmentally sustainable

anaesthesia to limit the impact of climate change, given the world’s present predicament.
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Introduction

Climate change is one of the leading threats to humanity’s long-
term sustainability.” Although not often considered a significant
contributor to emissions, the healthcare sector is one of the
largest producers of greenhouse gas (GHG) emissions, one of
the leading drivers of climate change.! Anaesthesia, through
its use of inhalational anaesthetic gases (IAGs), intravenous
agents, disposable equipment, consumables, and cleaning and
sterilisation of reusable equipment, contributes heavily to the
impact of the overall healthcare sector on the environment.'?

Professional anaesthesiology societies are aware of the field’s
environmental impact and have taken a stance on the issue:
the World Federation Societies of Anaesthesiologists (WFSA)
has created a global consensus statement on the principles
of environmentally sustainable anaesthesia practices? The
American Society of Anesthesiologists (ASA) has guidelines on
environmentally sustainable anaesthetic practices.* In South
Africa, SASA has recently developed a position statement on
the environmental impact of IAGs and has guidelines on making
anaesthesia more environmentally sustainable.®

There is increasing global recognition of the healthcare system’s
impact on climate change and the contributions of anaesthesia.

Studies on anaesthetists’ knowledge of environmentally
sustainable anaesthesia have been performed in developed
countries. However, discussions about these topics are still in
their infancy within the South African medical community.
There has been limited research on environmentally sustainable
anaesthesia performed in South Africa. More research is required
toassess the understanding that South African anaesthetists have
of climate change and their field’s impact on the environment.

The study aims to determine the knowledge and practices of
environmentally sustainable anaesthesia. Assessing knowledge
will assist in assessing the need for more teaching during training.
Evaluating anaesthetists’ practices will bring to light the extent
of current environmentally sustainable practices and assess the
need to change current practices. This can assist in developing
guidelines and policies regarding environmentally sustainable
practices in South Africa. Overall, training anaesthetists to
practice in an environmentally sustainable manner is important
to limit climate change.

Methods

Approval was obtained from the Human Research Ethics
Committee (Medical-M230717) and other relevant authorities. A
prospective, descriptive research design was followed.
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The study population consisted of all anaesthetists working
in the Department of Anaesthesiology at the University of
the Witwatersrand in October 2023. A convenience sampling
method was used. Questionnaires were distributed to the entire
accessible population. Based on best practice guidelines, a 60%
response rate was calculated. Therefore, a minimum of 137
responses was required from the 228 eligible participants.®

A questionnaire was developed following a review of the
international literature and internationally validated guidelines,
namely the WFSA and ASA guidelines.>* Since there is no
validated South African questionnaire on this matter, contextual
fit had to be obtained. This was done by reviewing the
validated questionnaire used by Muller at the University of the
Witwatersrand.” The draft questionnaire was reviewed by three
senior anaesthetists to ensure face and content validity. Their
comments were incorporated into the final questionnaire. The
questionnaire consists of three sections:

- Part 1: demographics.

« Part 2: knowledge. This section includes questions on the
impact of IAGs, the types and uses of flows, the impact
of intravenous medications, and equipment life cycle
assessments (LCA).

« Part 3: practices. This section includes questions on practices
regarding the types of IAG used, the types of flows used,
routine drug use, the disposal of propofol, and preferences for
using sterilised equipment.

The modified Angoff method was used to determine the pass
mark for the knowledge section in the questionnaire.®® Senior
consultants in anaesthesia, who have a special interest in green
anaesthesia, assisted in setting the pass mark.8?

The questionnaire was developed into an electronic version
using REDCap®. A link to the information letter and questionnaire
was sent out via email and on departmental WhatsApp® groups
during daytime hours. Once completed, data was automatically
collected electronically. Microsoft® Excel was used for data
capturing. A biostatistician was consulted to assist with data
analysis, and the statistical program STATA® version 17
(StataCorp, USA) was used. Categorical variables were described
using frequencies and percentages. The distribution of the data
was determined. The normally distributed continuous data was
described using means and standard deviations. Skewed data
was analysed using medians and interquartile ranges. A p-value
of 0.05 or less was considered statistically significant.

Results

The questionnaire was distributed to all medical officers,
registrars, and consultants employed in the department as of
October 2023 (n = 222). The total number of responses was 141,
representing a response rate of 63.51%.

Missing data

Of the 141 questionnaires, not all the questions were answered,
and this missing information was random in the dataset. To

analyse all the data using a sample size of 141, a “no response”
category was created for each variable with incomplete
responses. The data analysis for the “no response” was reported
as number (n) and percentage (%) for each variable and analysed
independently.

Demographic characteristics

The median age of the participants was 33 years. Table | shows
their demographics. Most participants were consultants (56.03%,
n =79), followed by registrars (22.70%, n = 32). Most participants
had worked for 5-10 years (39.72%, n = 56) and 11-20 years
(42.55%, n = 60).

Knowledge of participants

Table Il shows the responses to the knowledge questions. The
Global Warming Potential 100 (GWP,,,) is known as the heat
absorbed by any GHG in the atmosphere, as a multiple of the
heat that the same mass of CO, (carbon dioxide) would absorb,
and by convention, is 100 years; which is the atmospheric lifetime
of CO,.3* This was known by 60.99% (n = 86) of the participants
and 48.23% (n = 68) correctly indicated that desflurane has
the greatest GWP,,,. A FGF of 4 L/min, considered high-flow
anaesthesia, was correctly selected by only 10.64% (n = 15) of
participants. Likewise, only 14.18% (n = 20) correctly chose
low-flow anaesthesia, a FGF value of less than 2 L/min. Most
participants correctly indicated that a low FGF (95.04%, n = 134)
is the more environmentally friendly option. Only 17.70% (n =
25) knew that intravenous techniques, such as total intravenous
anaesthesia (TIVA), are more environmentally friendly than
inhalational anaesthesia, whereas most of the participants
(68.1%, n = 96) were unsure. Only 15.60% (n = 22) of participants
considered propofol or its metabolites to be a high risk to aquatic
life; however, the correct disposal of propofol was selected by
46.80% (n = 66) (a sharps bin) and 48.90% (n = 69) (red bags).

The correct definition of LCA is the environmental emissions
of products, including raw material extraction, refining,
manufacturing, packaging, transportation, clinical use, reuse, and
maintenance and waste management strategies.>* The correct
definition of LCA of a reusable laryngeal mask airway (LMA) was
selected by 48.20% (n = 68), and 58.16% (n = 82) of participants
considered reusable equipment more environmentally friendly
than disposable equipment. However, the equipment with the
greatest environmental impact depends on multiple factors.

Table I: Demographic characteristics of participants

Variable Categories Number Percentage
(n) (%)
Professional No response 6 4.25
designation Medical officer 24 17.02
Registrar 32 22.70
Consultant 79 56.03
Years of experience No response 5 3.55
<5 13 9.22
5-10 56 39.72
11-20 60 42.55
>20 7 4.96
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Table Il: Responses to knowledge questions relating to
environmentally friendly anaesthesia

Questions Responses Number Percentage
(n) (%)
Do you know what No response 5 3.55
the “Global Warming Yes 86 60.99
Potential 100 (GWP,,,)" No 50 35.46
stands for?
Which gas has the No response 5 3.55
greatest GWP,,? Desflurane 68 48.23
Halothane 2 1.42
N,0 19 13.47
Sevoflurane 4 2.84
Unsure 43 30.49
Above which FGF No response 5 3.55
is considered to be 1 29 20.57
high-flow anaesthesia? 2 71 50.35
3 12 8.51
4 15 10.64
5-8 9 6.38
Below which FGF No response 6 4.26
is considered to be 0.5 18 12.77
low-flow anaesthesia? 1 88 62.41
1.5 8 5.67
2 20 14.18
25 1 0.71
Which FGF is more No response 5 3.55
environmentally Low-flow 134 95.03
friendly? High-flow 1 0.71
Unsure 1 0.71
The risk of propofol No response 6 4.26
or its metabolites to Low 59 41.84
aquatic life is? High 22 15.60
Unsure 54 38.30
How should unused No response 5 3.55
drawn-up propofol be Sharps bin 66 46.81
discarded? Red bag 69 48.94
General waste 2 1.42
Municipal drain 1 0.71
Unsure 11 7.80
A life cycle assessment No response 5 3.55
of reusable laryngeal Option A* 68 48.23
mask airways Option B** 7 4.96
evaluates? Option C*** 61 43.26
Considering reusable or No response 5 3.55
disposable anaesthetic Reusable 82 58.16
equipment, which of Disposable 45 31.91
the two has a greater It depends 9 6.38

environmental impact?

* Option A: The environmental impact associated with the natural resource extraction,
manufacturing, packaging, transport, use/reuse, and recycling/waste disposal of LMAs.
** Option B: The total number of times that a reusable LMA can be safely used before it

should be disposed of.

*** Option C: The environmental impact before a new reusable LMA is marketed and

released.

Reusing equipment after sterilisation poses no infection risk to

patients, which was correctly selected by only 14.89% (n = 21).

Knowledge score

N,O (nitrous oxide) gas, which has the longest atmospheric
lifetime, was correctly selected by 32.62% (n = 42) of participants.
Desflurane, which traps the most radiation, was correctly

selected by 40.43% (n = 50) of participants. The full complement

of responses is shown in Figure 1.
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Figure 1: Participants’ knowledge of which gas has the longest
atmospheric lifetime and traps the most radiation

Figure 2 shows the scores for the knowledge assessment of the
participants. The modified Angoff pass mark was set at 62.85%.
There were 13 questions, each of which were scored. Overall,
the participants’ scores ranged from 0 to 12 out of 13. Of the
participants, 53.91% (n = 76) scored 6 or less out of 13. Using
the modified Angoff pass mark, participants needed to score 9
or more out of 13 to pass. The percentage of participants who
passed and had adequate knowledge was 14.89% (n = 21),
indicated by the green bars in Figure 2.

Among the consultants, 17.70% had adequate knowledge, while
9.38% of the registrars had adequate knowledge. There was no
significant association between adequate knowledge and age,
professional designation, or years of experience (p = 0.949).

Practices

Table Ill displays the participants’ current anaesthetic practices.
Sevoflurane (94.33%, n = 113) is the most used inhalational
anaesthetic agent. N,O is available to 54.60% (n = 77) of the
participants. Of those who indicated that N,0O gas was available,
only 10.39% (n = 8) confirmed that they checked the piping for
cracks. Regarding desflurane, 73.05% (n = 103) of participants
indicated that they use it once monthly. An open system was
used once a week by 51.06% (n = 72) of participants, and 66.67%
(n = 94) calculated the FGF. The FGF was always changed by
68.8% (n = 97) of participants during the maintenance phase of
anaesthesia, and 44.6% (n = 63) checked the breathing system
for leaks. Both the FGF and vapouriser are paused by 14.89%
(n = 21) whilst instrumenting the airway, which is the advocated
method.

Most anaesthetists (80.14%, n = 113) indicated that they
implemented strategies to lower the minimum alveolar
concentration (MAC), and the use of intravenous opioids was
the most common method. More than half of anaesthetists
routinely draw up emergency drugs, and phenylephrine was
the most commonly drawn-up emergency drug (34.75%,
n = 49). Only 8.50% (n = 12) of participants indicated that
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Figure 2: Knowledge scores (< 9 = inadequate knowledge, > 9 = adequate knowledge)

Table Ill: Anaesthetic practices of the participant

Question

Which inhalation
anaesthetic
agent do you
most commonly
use in your daily
practice?

Is N,O available
where you work?

How often do you
use desflurane?

How often do you
use open systems
(such as the
Jackson-Rees or
Ayre's T-piece)?

Do you calculate
the appropriate
fresh gas flow rate
when conducting
inhalational
inductions?

Which do you
pause whilst
instrumenting the
airway?

Do you implement
strategies to use a
lower MAC during
the maintenance
phase of
anaesthesia?

Response

No response
Desflurane
Isoflurane

Sevoflurane

No response
No
Yes

No response
Never
1 X month
2 X month
3 x month
More than 3 x month
Everyday

No response
Never
1 x month
2 x month
3 x month
More than 3 x month
Everyday

No response
Never
1 X month
2 X month
3 X month
More than 3 x month
Everyday

Fresh gas flow
Vapouriser
Both
None
No response

No response
No
Yes

Number
(n)

113

Percentage
(%)

3.55

0.71

1.42
94.32

3.55
41.84
54.61

3.55
73.05
17.02

0.71

213

2.83

0.71

3.55
12.06
51.06
21.99

5.67

5.67

3.55
66.66
11.35

9.22

213

7.09

9.22
21.99
14.89
50.35

3.55

3.55
16.31
80.14

Do you routinely No response 5 3.55
draw up Yes 79 56.03
emergency drugs? No 57 40.42
Which emergency Adrenaline (1 : 100) 37 26.24
drugs do you Adrenaline (1:10) 32 22.70
routinely use? Atropine 7 4.96
Ephedrine 6 4.96
Phenylephrine 49 34.75
Suxamethonium 6 4.26
Do you choose to No response 6 4.26
do regional blocks Yes 12 851
instead of general No 123 87.23
anaesthesia,
if clinically
applicable?
Where do you No response 5 3.55
dispose of unused Sharps bin 77 54.61
propofol? Red bag 72 51.06
General waste 4 2.84
Municipal drain 1 0.71
Unsure 11 7.88
Do you reuse Masks 130 92.20
(after appropriate Venturi face masks 8 5.67
cleaning) any Rebreather masks 4 2.84
of the following Nasal prongs 2 1.42
equipment? Laryngoscope blade 126 89.36
Laryngeal mask 42 29.79
airway
Other 8 5.67

they use regional blocks instead of general anaesthesia, when
clinically applicable, which is the more environmentally friendly
practice. Unused, opened propofol is correctly disposed of in
both the sharps bin and red bin by 54.61% (n = 77) and 48.94%
(n=69) of participants, respectively. The most reused equipment
were masks (92.20%, n = 130) and laryngoscope blades (89.36%,
n = 126). The least reused equipment was nasal prongs (1.42%,
n=2).

Discussion

This study sheds light on the current knowledge and practices
of environmentally sustainable anaesthesia in the Department
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of Anaesthesia at the University of the Witwatersrand.
Internationally, the ASA and WFSA have put forward guidelines,
and SASA has developed a position statement on the
environmental impact of IAGs.

In this study, the overall knowledge of environmentally friendly
anaesthesia was poor. Only 14.90% (n = 21) of participants
achieved an adequate knowledge score. There was no significant
association between adequate knowledge and age, professional
designation, or years of experience (p = 0.949), highlighting a
lack of knowledge throughout the department. In comparison,
a study of South African anaesthetists by Frewen et al. reported
that 35% of respondents felt they had appropriate knowledge.
However, no testing of this knowledge was done.® Frewen et
al. also found enthusiasm among anaesthetists to adopt more
environmentally friendly practices.”®

There are international studies on the knowledge of the
environmental impact of IAGs. In Switzerland, Gasciauskaite
et al. found that 43.50% of anaesthetists knew that IAGs cause
ecological damage." In this study, 60.99% of respondents knew
what the GWP,, stands for, showing that anaesthetists at the
University of the Witwatersrand are aware of the environmental
impact of IAGs. In Canada, Zaw et al. found that anaesthetists
believed sevoflurane was the more environmentally friendly
IAG."? Ard et al. found that among American anaesthetists,
sevoflurane was the most used IAG (66.40%).'* Comparably, this
study found that participants knew that sevoflurane was not the
IAG with the greatest GWP,;,, and 94.33% (n = 133) commonly
used sevoflurane. Although the knowledge of the detrimental
effects of IAGs is high, the practices of how IAGs are used are
environmentally unsustainable.

Only 14.18% and 10.64% of participants knew the correct low
and high FGF value cut-off, respectively. However, Kapajika et
al. found that 56.30% of anaesthetists at the University of the
Witwatersrand had a fair knowledge of low-flow anaesthesia.'*
This discrepancy needs further investigation since both studies
were undertaken in the same department, albeit at different
times. The ASA and WFSA state that low-flow anaesthesia is more
environmentally sustainable, and most participants (95.04%)
chose low-flow anaesthesia.>* This contrasts with Gasciauskaite
et al., who found that 46.80% of anaesthetists knew to minimise
FGF to make anaesthesia more environmentally sustainable.™

The appropriate FGF was not calculated by 66.67% of
respondents. Again, this contradicts Kapajika et al’s findings
on low-flow anaesthesia in the same department.* Only
21.99% of respondents paused the FGF whilst instrumenting
the airway. According to ASA guidelines, turning off the FGF,
not the vapouriser, during intubation is recommended.* A lack
of education could explain these practices. Although N,O was
available to 77% of respondents, N,O should not be used in
Gauteng. Due to the altitude, the atmospheric pressure is too
low, and according to Henry’s Law, a therapeutic partial pressure
in blood is thus not achievable.’> Furthermore, most did not
check the N,O piping for cracks. Internationally, 80% of the total

anaesthetic gas environmental footprint from 2019 to 2020 was
due to N,0."”

The environmental impact and usage of desflurane in this
study’s setting can be said to be minimal. Only one participant
said they primarily use desflurane in their daily practice. By
comparison, desflurane use in America is much more common
(22.3%).'® From January 2026, the European Union has devised
a proposal to ban or restrict the use of desflurane.’ In South
Africa, the lack of desflurane use in the public sector is not due to
environmental considerations but could instead be caused by a
resource constraint.’”

Of the respondents, 68.09% were unsure if TIVA techniques were
better for the environment. Regarding propofol, 41.84% said
that the risk of propofol to aquatic life is low, 15.60% said it was
high, and 38.30% were unsure. In contrast, Gasciauskaite et al.
found that 43.50% of anaesthetists knew propofol could cause
ecological damage."" Propofol is considered hazardous to marine
life due to in vitro environmental risk experiments using high
concentrations of propofol, which is the “worst-case scenario”'®
However, new evidence has shown a low risk to marine life at
the concentrations at which propofol is found in water bodies.
The concern for the environment occurs when there is increased
incorrect disposal of propofol, commonly from TIVA."81°

The correct disposal of propofol was widely known, as 66
participants said the sharps bin and 69 participants said the
red bag. Both are correct, as propofol needs to be incinerated,
and both the sharps bin and red bag are disposed of in that
manner.'820

Less than half (48.23%) of respondents knew what a LCA was,
which can explain why only 6.38% of respondents correctly
knew whether reusable or disposable equipment had a
better environmental impact. The source of electricity used
for producing and reprocessing reusable and disposable
equipment contributes to their environmental impact.?!
Gasciauskaite et al. found that only 12.9% of anaesthetists
identified reusing equipment as a critical measure to make
anaesthesia more sustainable."" Frewen et al. found that South
African anaesthetists frequently reuse equipment and are eager
for more reuse.’® The study’s most reused equipment were
masks (92.20%) and laryngoscope blades (89.36%). Again, this
is likely due to financial constraints rather than environmental
awareness. Internationally, there is a move towards reusing even
more types of equipment, and this should be adopted in South
Africa.2?!

In contrast to the study by Frewen et al., who found that only
13.6% of anaesthetists think reusing equipment poses an
infection risk, this study found that 81.56% of respondents think
reusing equipment poses an infection risk.'® Reusing equipment
has not been found to pose an increased risk of infection.
However, the large discrepancy between the perceived risk of
infection and the practice of reusing equipment in this study is
contradictory.
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Emergency drugs are routinely drawn up by 56% of respondents.
However, Stone et al. found that 87% of obstetric anaesthetists
in the United Kingdom routinely draw up emergency drugs,
and Majeed et al. stated that drawing up emergency drugs is
common practice in anaesthesia.?>? In the South African public
health setting, the lack of routine drawing up of emergency drugs
can be due to resource constraints. Phenylephrine is the most
commonly drawn-up emergency drug (34.75%), correlating with
the findings from Majeed et al.??

The study found that regional blocks are not commonly
performed instead of general anaesthesia. This may be explained
by resource constraints, a possible lack of skill to perform the
blocks, and a lack of knowledge of the environmental effects
of general anaesthesia. Although regional anaesthesia is more
environmentally sustainable, Kuvadia et al.* showed that it also
has cost-saving benefits.

Closed circuits are the most common anaesthetic circuit used
and clinically relevant circuits used in first-world countries.?>2¢
Open systems were used by 51.06% of respondents once a
week, and this is usually the Jackson-Rees circuits, commonly
used in inhalational induction in paediatric cases.?* Open
systems, like the Jackson-Rees, readily release excess IAG into
the atmosphere.?” Gray and Jacobs, from Cape Town, found that
using a low-flow induction method during inhalation induction
with sevoflurane would save around 43 110 ml of sevoflurane
and R155 000 annually.?® This method can also be viewed as
more environmentally sustainable.

This study has certain limitations. The study was undertaken
contextually in the Department of Anaesthesiology at the
University of the Witwatersrand, and the results may not be
generalisable. Anaesthetists’ knowledge does not always reflect
their actual practice. Different facility-based equipment and
practices at the hospitals affiliated with the University of the
Witwatersrand may also impact environmentally sustainable
practices.

Conclusion

All  anaesthetists had low knowledge of environmentally
sustainable anaesthetic practices; however, they had a fair
knowledge of the environmental impact of IAGs. Anaesthetic
practices were generally environmentally unsustainable, which
can be ascribed to the low level of knowledge. Financial and
resource constraints must be considered when analysing
practices. Anaesthetists at the University of the Witwatersrand
need further training in environmentally sustainable anaesthesia
to limit the impact of climate change.
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