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However, several industries are also making efforts

to enhance their emissions footprint concerning the
atmosphere. Notably, healthcare, specifically the
perioperative environments, are reshaping how they deliver
surgical services to minimize their environmental impact.
This article aims to explore the trends in perioperative
technology that have been designed to reduce their impact
on the climate.

BACKGROUND

According to the National Centers for Environmental
Information, global temperatures have risen by two degrees
since 1880. More notably, since 1981, the average increase
in global temperatures has accelerated to 0.32°F per decade,
marking a 128% increase from the average decade increase
prior to 1981 (Lindsey & Dahlman, 2023). The primary
contributor to this global warming is increased atmospheric
carbon dioxide levels. As scientists continue to predict rising
temperatures in the coming decades, other concerns related
to climate care, such as the impacts of gases other than
carbon dioxide on the climate, come into focus.

Within the field of anesthesia, a significant focus has been
placed on the environmental impact of volatile anesthetics.
For instance, research into the effects of Desflurane on global
warming has revealed that one bottle of Desflurane produces
the same global warming effect as burning 440 kg of coal
(NHS, 2021). This equivalence is also on par with driving a
car for 3,200 miles (Heron, 2023). Such an impact means

that Desflurane is significantly more harmful than the more
commonly known greenhouse gases and is "2,500 times
more impactful than carbon dioxide” (Heron, 2023).

This research highlighting the considerable negative
impacts of Desflurane has prompted numerous institutions
to remove Desflurane from their operating rooms. For
example, the National Health Service, the United Kingdom's
government-funded healthcare provider, has ceased using
Desflurane at 40 health systems (NHS, 2023). Similarly,
domestically, we are witnessing comparable trends in the
removal of Desflurane from the operating room, with the
University of Pittsburgh Medical Center (UPMC) committing
to the complete removal of Desflurane from all 40 hospital
systems by the end of the year (DeWitt, 2023). Desflurane
is one of the most prominent examples of the perioperative
environment's shift towards greater awareness of its impact
on the climate.
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AN OVERVIEW OF DESFLURANE

Volatile anesthetics are inhaled anesthetics used to induce
or maintain stage three general anesthesia. All volatile
anesthetics used today, except for Nitrous oxide and Xenon,
are ether derivatives and are considered halogenated. This
means the chemical complexes are formed from halogen
elements bound to carbon or oxygen. Examples of halogens
used to make contemporary volatile anesthetics include
fluorine and chlorine.

Structurally, Desflurane is almost identical to its cousin
anesthetic agent, Isoflurane, with the only difference being
the number of fluorine atoms—six, with the sixth fluorine
replacing the chlorine atom found in Isoflurane. Desflurane
has distinctive physical properties, including a pungent
smell, which makes it unsuitable for inhalation inductions.
Furthermore, its volatility makes it more expensive to

use. Desflurane will boil at a standard room temperature

of 22 degrees Celsius (Ozelsel, Sondekoppam, & Buro,
2019). This means that to use it; the agent has to be
superheated well above its partial pressure of 669mmHg to
an extreme pressure of over 1300mmHg to ensure accurate
administration to patients undergoing surgery. To put this
into perspective, the standard boiling pressure on Earth is
760mmHg. This means that Desflurane, left unabated, is 88%
of the standard boiling pressure, and within a vaporizer, it
is superheated to 71% above the standard boiling pressure
to ensure safe delivery to patients. These factors contribute
to Desflurane being an energy-intensive anesthetic to
maintain, making its stabilization requirements expensive
and environmentally impactful.

Despite its complexity of use, Desflurane is a valuable
anesthetic for specific situations, justifying its continued use
in the operating room. For example, despite the requirement
of using a six-percent delivery to reach 1-MAC (the amount of
anesthetic required to render 50% of the population under
general anesthesia), Desflurane reaches its peak alveolar
concentration much faster than its cousin agent, Isoflurane,
making it easier to control in the patient (Butterworth et

al, 2022). Desflurane’s ability to reach peak concentration
also results in quicker patient emergence from anesthesia
compared to other volatile anesthetics (Butterworth et al,,
2022).

Clinically, Desflurane has several considerations, including
the onset of tachycardia in higher doses, which is thought to
result from a vagolytic effect (Pardo, 2023). A positive aspect
of Desflurane is its lack of interaction with the renal



system. Unlike other volatile anesthetics, Desflurane does
not cause an increase in serum fluoride levels, meaning

it is not typically associated with adverse impacts on the
renal system. The same is true for Desflurane’s impact on
the hepatic system, where liver failure from Desflurane

is less than 1 in 1,000,000 (Pardo, 2023). Cardiovascular
impacts of Desflurane are similar to those of Isoflurane,
with noted vasodilation qualities and a lowering of cardiac
index. However, as mentioned previously, Desflurane is seen
to produce transient tachycardic episodes in higher doses
administered rapidly, a characteristic not found in Isoflurane
(Butterworth et al., 2022).

WHAT MAKES DESFLURANE SO
HARMFUL TO THE ENVIRONMENT?

As previously discussed, Desflurane has legitimate uses

in the operating room, primarily due to its ability to be
controlled efficiently, thanks to its low blood/gas coefficient,
resulting in faster emergence times. However, a significant
drawback is its instability at low temperatures, requiring
external heating for thermoregulation during anesthesia.

With an increased focus by perioperative teams worldwide
on being responsible stewards of our climate, Desflurane

has come under scrutiny for its significant negative impact
on global warming. In 2014, Vollmer found that Desflurane
accounted for a concentration of 0.30 parts per trillion in

the atmosphere, as samples were taken from the northern
hemisphere (American Geophysical Union, 2015). This
concentration may seem small, especially when compared to
the atmospheric concentration of carbon dioxide at 400 parts
per million. However, it is essential to remember that despite
its low atmospheric concentration, Desflurane is 2,500 times
more impactful on global warming (Ozelsel, Sondekoppam, &
Buro, 2019).

Moreover, according to Sherman and Chesebro (2022),
Desflurane’s greenhouse gas emissions are 40 times greater
than those of Isoflurane and Sevoflurane, partially explaining
why significant levels of Desflurane were found in the
atmosphere during gas sampling in 2014 in the northern
hemisphere. Another concerning aspect of the harmful
effects of Desflurane is its lifespan in the atmosphere. When
Desflurane is evacuated from operating rooms via scavenging
systems, the expelled gases do not break down quickly but
remain intact in the atmosphere for years. Among the three
primary ether-derived anesthetics used in the United States,
Desflurane remains in the atmosphere for a minimum of ten
(10) years, with some research indicating that it may persist
for up to 21 years. This far exceeds the figures for Isoflurane,
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which has a mean of 3.6 years and a range of 3-6 years.
Additionally, Sevoflurane has a mean of 1.2 years and a range
of 1-5 years (Varughese & Ahmed, 2021; Yasny & White,
2012). Considering that minimal metabolism occurs when
using volatile anesthetics, most of the gases used during
surgery exit the patient and enter the atmosphere directly
via the scavenging system. Recent advancements aimed at
mitigating the impact of volatile anesthetics and reducing
waste have given rise to low-flow anesthesia as a technique
to minimize the adverse effects of volatile anesthetics while
avoiding their complete elimination from use in anesthesia
(Varughese & Ahmed, 2021).

WHAT DEFINES LOW-FLOW
ANESTHESIA

At its base level, low-flow anesthesia delivers fresh gas flow
below a patient’s minute volume. This process of running

a minimal gas flow allows for the anesthetic agent to be
recycled (Honemann & Mierke, n.d.). The end goal is only

to deliver the minimum needed oxygen concentration to
prevent hypoxia (Upadya & Saneesh, 2018). According to
GE HealthCare, to use Low-flow techniques, the fresh gas
flow must be "less than half the minute ventilation of the
patient, which is most often less than 3.0L/min on average
in a normal adult” (GE HealthCare, 2020). This low flow aims
to reduce waste and reuse the volatile anesthetic. If you
recall, earlier in the article, volatile anesthetics are poorly
metabolized in the body, meaning the exhalation contains
nearly the same amount of anesthetics in the inspiratory
phase. This process involves recycling the anesthetic agent
back into the patient instead of flushing it with high-flow
oxygen into the scavenger. The low-flow approach leverages
the inherent chemical qualities of the agent, allowing for

its reuse and minimizing its release into the atmosphere.
(Honemann & Mierke, n.d.).

The benefits of low-flow anesthesia are numerous; the
reduced flow results in less oxygen and volatile anesthetic
waste. In fact, in states of high-flow anesthesia, rates above
5.0L/min result in wasting at least 80% of the administered
volatile anesthetic (GE HealthCare, 2020). From a patient care
perspective, low-flow anesthesia has several advantages,
the primary being the preservation of heat and humidity,
which optimizes gas exchange in the lungs and preserves
the patient’'s temperature (Upadya & Saneesh, 2018). Within
the perioperative space, low-flow anesthesia has also been
found to protect clinicians by avoiding overexposure to

the agents through operating room pollution. This directly
impacts anesthesia technologists by limiting their exposure



during maintenance phases, such as refilling the vaporizers.
By utilizing low-flow anesthesia, the vaporizer needs

less frequent refilling (Upadya & Saneesh, 2018). From a
climate perspective, the benefits of low-flow anesthesia
are apparent; recycling the volatile anesthetics sends fewer
anesthetics to the atmosphere, ultimately limiting the
greenhouse gases that damage the ozone layer (Upadya &
Saneesh, 2018).

You may be asking yourself, hasn't low-flow anesthesia
been around since the development of the circle
system? The answer to this question is complex, but the
answer is yes at its core. However, the complex nature of
maintaining the minimum delivery of oxygen made proper
low-flow anesthesia nonideal because of the constant
changes in delivery for specific patients and changing
conditions, coupled with complex formulas to ensure
appropriate delivery. However, in recent years, anesthesia
machine manufacturers have answered this problem with
technological advances to make low-flow anesthesia
practical and safe.

TECHNOLOGIES BEING USED TO
CURB THE EFFECTS OF VOLATILE
ANESTHETICS ON THE ENVIRONMENT

GE HealthCare End-tidal Control (Et Control) software

As healthcare technology continues to advance, and with

a growing emphasis on reducing our carbon footprint,
anesthesia machine manufacturers, anesthesia researchers,
and other companies are actively developing new
technologies to minimize the environmental impact of
wasted anesthetic gases.

GE Healthcare, the maker of various anesthesia machines
widely used across the country and holding the largest
market share for anesthesia machines in the United States, is
one such company dedicated to innovating its technology to
mitigate the environmental effects of anesthesia.

This year, GE Healthcare partnered with the University of
Michigan to upgrade the entire fleet of Aisys CS2 anesthesia
machines, totaling 171 units (GE Healthcare, 2023). The
objective was straightforward: integrate End-tidal control
software into all machines to align with the University's long-
term commitment to reduce its climate impact as part of its
Green Anesthesia Initiative. The addition of this new software
marks a significant step toward the University of Michigan’s
goal of reducing "greenhouse emissions from anesthetic
gases by 80%" (UM Anesthesiology, 2022). According to GE
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Healthcare, the University of Michigan is the first hospital
system in the United States to implement this software in
its operating rooms (GE Healthcare, 2023). However, the Et
Control software is not entirely new and has been widely
used in Europe for over a decade (GE Healthcare, 2023).

The Et Control software is a multimodal system that enables
the provider to set an end-tidal goal. The software then
conducts analyses and adjusts delivery to ensure the

precise administration of oxygen and volatile anesthetic

(GE Healthcare, n.d.). The software relies on five safety
mechanisms: Et Control Supervisor, Et Control System Check,
Et Control Fresh Gas Sample Check, Et Control Increased
Flow, and Et Control Auto Exit (GE Healthcare, n.d.). These five
mechanisms collaborate to continuously inspect the machine
for leaks and proper calibration during active use on patients
(GE Healthcare, n.d.). For example, the Et Control Fresh Gas
Sample Check operates in the background every three
minutes, lasting approximately 13 seconds (GE Healthcare,
n.d.). Additionally, if the software cannot correct any faults
detected by the other four safety mechanisms, the system
will automatically exit the Et Control mode using the Et
Control Auto Exit mechanism (GE Healthcare, n.d.).

It is crucial for anesthesia technicians and technologists

to be familiar with the five mechanisms used to ensure

the system’s proper operation. Additionally, they should
understand how to program the system before use.

When utilizing the Et Control software, the technician or
technologist needs to be aware of the provider's desired
End-tidal Oxygen (EtO2) value for the patient and the
desired End-tidal Anesthetic Agent (EtAA) for the patient
(GE Healthcare, n.d.). This is accomplished through the
machine monitor, where the Et Control software is activated
by selecting the start icon and then specifying the end-tidal
targets on the lower portion of the screen (GE Healthcare,
n.d.).

Mindray’s A Series Advantage Optimizer for Low-flow
Anesthesia

Similar to the GE Et Control system, the Mindray Optimizer
seeks to lessen emissions and optimize the utilization of
gasses via a low-flow delivery. The Optimizer can be found on
the A7 and WATO EX-65 Pro anesthesia machines (Mindray
North America, 2019). Unlike the GE system, the Optimizer
does not have an automatic system; instead, the Optimizer
uses its software to analyze the current oxygen and volatile
anesthetic usage and then provides a recommended or target
delivery for both anesthetic agent and fresh gas flow.



On a tangential note, the Optimizer system also provides
the anesthesia team with a cost per hour, allowing the
system to not only provide a reduction in emissions but also
a quantifiable way of showing the low-flow systems cost
savings for the institution (Mindray North America, 2019).

For the anesthesia technologist, the operations of the
Optimizer are different from the GE System. However, there

are some essential items to be aware of for its safe operation.

In order for the Optimizer to be functional, three conditions
on the machine must be met. One, the electronic flow control
system (EFcs) must be active and operational. The EFcs is

an electronic flowmeter system that relies on solenoids
attached to sensors, whose purpose is to control the flow of
gas and monitor actual flows against the desired settings.
Two, the External AG module must be active and operational
(Electronic Flow Control System-EFCS - Mindray WATO EX-
55Pro Service Manual [Page 66], 2020). The External AG
module is a system that analyzes the gases in the machine
and displays the MAC value of the agent in the patient. Third,
for the Optimizer to be functional, the machine must be in
mechanical ventilation mode.

In most cases, if those three items are addressed, the
Optimizer will function and provide recommendations for
low-flow delivery. However, the system will be disabled if
certain situations occur. For example, the Optimizer will not
be enabled if the "circuit leak test is skipped or has failed”
(Mindray North America, 2016). Furthermore, if specific
alarms engage, the Optimizer will deactivate.

These alarms include:

« Apnea + AG Hardware Error
« Apnea > 2 min « External AG Self-Test Error
« Apnea CO2 « AG Hardware Malfunction

Flow Sensor Failure
Check Flow Sensors
Pinsp Not Achieved
Vt Not Achieved

Patient Circuit Leak

The CO2 Absorber Canister
not Locked

+ Ventilator Comm Stop

» Drive Gas Pressure Low

AG Init Error

AG No Water trap

AG Change Water trap
AG Comm Stop

AG Airway Occluded
AG Zero Failed

External AG Module
Disconnected

Incompatible AG Software
Version
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In summary, the Mindray Optimizer allows clinicians to
optimize volatile anesthetics without complex calculations to
meet the patient’s metabolic demands.

EMERGING TECHNOLOGIES FOR
CONTROLLING VOLATILE ANESTHETICS

While low-flow anesthesia and the software developed by
machine manufacturers have provided the most streamlined
approach to prevent the excessive release of greenhouse
gases, other emerging technologies may find their way into
operating rooms in the coming years. One such technology,
similar to low-flow, relies on older concepts to address
wasted gases, specifically absorption (Ang et al,, 2019).
When we think of anesthetic absorption, we often associate
it with charcoal filters used for malignant hyperthermia.
However, activated charcoal is being explored as a method
for absorbing anesthetics in non-emergency situations.
Another example of absorption technology being deployed
is Deltasorb. Similar to a carbon dioxide absorber, Deltasorb
operates through filtration to capture the anesthetic agent.
The agent is subsequently re-liquified and stored for
recycling later (Wasiwicz, Grewal, 2016; Yasny & White,
2012).

CONCLUSIONS

The past few decades have seen a global shift towards
addressing climate change, resulting in various industries
adapting their practices to reduce CO2 emissions. Within
the perioperative environment and anesthesia, a concerted
focus has been on limiting the greenhouse effect of volatile
anesthetics. As global temperatures rise from rising carbon
dioxide levels and other greenhouse gases, a closer look at
limiting the negative impact of volatile anesthetics on the
environment is warranted.

Desflurane, despite its clinical benefits, poses significant
challenges due to its disproportionate impact on global
warming. Fortunately, technological advances identified safe
ways to utilize this gas, most notably in low-flow anesthesia.

As the healthcare industry continues to address climate
change, these technological advancements and shifting
practices reflect a shared commitment to environmental
responsibility.
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To test your knowledge on this issue’s article, provide correct answers to the following
questions on the form below. Follow the instructions carefully.

Desflurane:

1.

What distinguishes Desflurane from Isoflurane in
terms of chemical structure?

A) It has more fluorine atoms.

B) It has fewer halogens.

Q) It lacks ether derivatives.

D) It contains Xenon.

. Why is Desflurane considered an energy-intensive

anesthetic?

A) It requires high pressure for accurate
administration.

B) It has a low boiling point.

C) It metabolizes rapidly in the body.

D) It is not suitable for inhalation inductions.

. What environmental impact does Desflurane have,

as mentioned in the text?

A) It reduces greenhouse gas emissions.

B) It is 2,500 times more impactful than carbon
dioxide.

C) It breaks down quickly in the atmosphere.
D) It has a short lifespan in the atmosphere.

. How does Desflurane contribute to global warming?

A) It has low atmospheric concentration.

B) It remains intact in the atmosphere for years.

C) It metabolizes efficiently in the body.

D) It is less harmful than other volatile anesthetics.

. Despite its drawbacks, why is Desflurane still

valued in the operating room?

A) It has a longer atmospheric lifespan.
B) It induces anesthesia slowly.

C) It allows for quick patient emergence.
D) It is cost-effective.

Low-Flow Anesthesia:

6. What is the primary goal of low-flow anesthesia?
A) To maximize gas flow.
B) To minimize oxygen concentration.
C) To recycle the anesthetic agent.
D) To induce hypoxia.

. According to GE HealthCare, what fresh gas flow
rate is considered low-flow?
A) More than 3.0L/min.
B) Exactly 3.0L/min.
C) Less than 3.0L/min.
D) More than 5.0L/min.

. What advantage does low-flow anesthesia offer
from a patient care perspective?
A) Reduced heat and humidity preservation.
B) Increased oxygen and anesthetic waste.
C) Longer surgery durations.
D) Limited exposure for anesthesia technologists.

. Why has low-flow anesthesia become more
practical in recent years?
A) Due to increased atmospheric pressure.
B) Advancements in anesthesia machine technology.
C) A decrease in patient demand.
D) Changes in delivery for specific patients.

10. What is a significant benefit of low-flow anesthesia

from a climate perspective?

A) Increased greenhouse gas emissions.

B) Preservation of the ozone layer.

C) Reduced recycling of volatile anesthetics.
D) Limited impact on the environment.
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To apply for Continuing Education/ s

Contact Hours: The answers to the Winter 2023 "Combating the Negative
. . . . Impacts of Volatile Anesthetic" Quiz 1 are: (circle answers)

1) Provide all the information requested on this form.
2) Provide correct answers to this issue’s quiz in 1. ABCD 6. ABCD

the box to the rlght 2. ABCOD 7. ABCOD
3) Mail this form along with $10 Member or

A . A

$20 Non-Member ’ peb 8 Peb

(check or money order, payable to ASATT) to: 4 ABCD 9. ABCD

ASATT

6737 W Washington St, Ste 4210 > ABCD W0 ABCD

Milwaukee, W1 53211 \_ m

Name:

ASATT Number:

Street Address:

Phone Number:

City: State: Zip:

Signature: Date:

SUBMISSIONS FOR THIS ISSUE’S QUIZ EXPIRE DECEMBER 31, 2024.
ACHIEVE 80% IN THIS QUIZ TO EARN ONE (1) CONTINUING EDUCATION CREDIT.

647




