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Background

» The climate change crisis threatens human health by adversely affecting the spread of
infectious disease, malnutrition, mental health, and the displacement of people or
communities. (1)
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Aims

Reduce greenhouse gas emission from anesthetic gas waste

« MPOG goal: at least 45% of cases in 2024 will have an average hourly emissions profile of
2.83kg CO, equivalents per hour of maintenance anesthesia.

« HFHS Jackson goal: reduce average hourly emissions rate each month by 40% by
February 2024 and maintain that level into the future.
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Measures

SUS-01 - Fresh Gas Flow only

» Percentage of cases using inhaled
anesthetics with mean fresh gas flow during
maintenance < 3L/min

» Target for P4P >95% of cases
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SUS-02 - Anesthetic gas
converted to CO, equivalent
based on greenhouse gas effect

« Metric is calculated based on percentage of
cases with either:

— Average emissions below a threshold of 2.83kg
CO,eq/hr

— Total maintenance emissions below 2.83kg
CO,eq

« Calculation based on GWP100

« Threshold set based on moderate usage of
least toxic agent, sevoflurane, 2% at
2L/min

» Target for P4P >45% of cases




Table 1. Elements of Emissions Calculations

Molecular Minimum

Weight Alveolar
€)) Concentration

Sevoflurane 200g/mol 144 40mL/min 2-2.4% 1.6L/min

Isoflurane 184.5¢ 565 11mL/min 1.2-1.8% 0.65L/min

Desflurane 169¢ 2540 2.6mL/min 6.8% 0.04L/min
Nitrous . . .
Oxide 44¢ 282 92mL/min 1L/min 5 min
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Interventions

Aug 2021
Changed default
FGF on Anesthesia
Machines

2019
SUS-01
Released

2022
SUS-01 target
increased
from 85% to
90% of cases

Oct 2020
SUS-01
announced
for P4P
Begin
reducing

FGF SUS-02

released
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2023
SUS-01
target
increased
to 95%

July 2023
Low Flow
Anesthesia
Technical
Education

Aug 2023
Anticipated 2024
threshold to
change target
FGF to 2L/min.
Education around
current state

Oct 2023
SUS-02
announced
as P4P
metric

Nov 2023
SUS-02
education on
metric
calculation
and progress
since August

March 2024
EMR Alert
when FGF
>1L/min



Visualizing Statistics, Fresh Gas Flow

Histogram of FGF in January, 2020
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Visualizing Statistics, Fresh Gas Flow

Histogram of FGF in January, 2020
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Visualizing Statistics, Fresh Gas Flow

Excel’s Boxplot

Histogram of FGF in January, 2020
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Visualizing Statistics, Fresh Gas Flow

Excel’s Boxplot

Histogram of FGF in January, 2020 8 .
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Visualizing Statistics, Fresh Gas Flow

Excel’s Boxplot Manual Boxplot
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Visualizing Statistics, Fresh Gas Flow

Excel’s Boxplot Manual Boxplot
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Focus on Mean Fresh Gas Flow

Mean Fresh Gas Flow Rate, Distribution of Cases

-
N

==
o

00]

Fresh Gas Flow (L/min)
o

--------------

Jan-20

HENRY FORD HEALTH-




I X
l X
W wl | | P
LL m ....................
N O e |
(O Mw _ X ﬁ
O = I —_—
C 2 | +A
w oL
- N -
LL mw _ X
C 2 T 1.
G 3 T
s g 0 e
Sl || e
- % | X
O o e
S ..........
me mm _ X
O ¢ i
mmw - _ X
l X
MU__ o (00] O < o\

—i
(utw/7) moj4 ses ysald

0¢-2°d

0Z-AON

0Z-1°0

0¢-dss

0¢-bny

0c-In(

0c-unt

0z-Ael

0z-41dy

0c-1ei

0Z-g=4d

0c-uef

HENRY FORD HEALTH-



W 0
o ¢
b 9
°
B 5
G -w — ....................... ﬁ m
= - T DO .
= _ x|
0p) LI e —
m D S x
L. o o
A xwhgw
e 0 .............................. :
S 5 e
m m _ ................... X
L T ”
n mm R adll
I Y SO
o e 1l
'®) % .......... .
L = AR X
I x1
v
u o (00] O < N

—i
(utw/7) moj4 ses ysald

0¢-2°d

0Z-AON
02-3P0
0¢-das
0c-bny
0z-INt
0z-ung
0c-Aen

0¢-4dy

HENRY FORD HEALTH-



an g I |
. O R S 1l ;
S :m I s VA”__
L R i .
(D & SR Al
3| || e ,
N ._Cu.U [ — ” i
U 3 S —
C g T <]
n m — .................... * m
(O 2 i N
0o 5+ T il
B —————————
2> ") l ¥
- mw B [
o = _ Al
) R .
wn 9 | X
D SR AU I
QO £ 1 x|t
O % ._ ..... ..
L = S a
| D
I
u o 0 0] O < (@\|

—i
(utw/7) moj4 ses ysald

T12-bny

TZ-InC
Tg-ung
Tz-Ael
TZ-idy
TZ-1e
T2-9°4
Tg-uer
0¢-23d
0C-AON
0Z-0
0¢-das
0¢-bny
0z-Inc
0c-ung
0c-Ae
0¢-4dy
0¢-4ei
0Z-9°4

0c-uef

HENRY FORD HEALTH-



Focus on Mean Fresh Gas Flow
Mean Fresh Gas Flow Rate, Distribution of Cases
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Focus on Mean Fresh Gas Flow

Mean Fresh Gas Flow Rate, Distribution of Cases
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Figure 2. July 2023

Any use of N,O disproportionately
increases both total case emissions and
average hourly emissions.

N,O accounted for: July

‘23
Percentage of all
_ 52.2%
maintenance (3391kg)

anesthesia emissions
Percentage of cases 34.0%

Percentage of total

) : 8.1%
Mmaintenance minutes
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Comparing Average Hourly
Emissions Among Cases that Used
N>O to Those That Used None
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Decreasing Use of Nitrous Oxide

Figure 2. July 2023 K& +500
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Average Hourly Emissions during Maintenance Anesthesia
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Average Hourly Emissions during Maintenance Anesthesia
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Results

Sustainability measure

Outcome achieved

SUS-01:
Cases with mean Fresh Gas Flow
< 3L/min

SUS-02:
Cases with mean hourly CO,
equivalent < 2.83kg/hour

Monthly mean hourly emissions

Total emissions avoided since August
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40%
reduction

n/a

97% for 2023

 35% Jan-July 2023
« 56% Aug-Jan 2024
« 80% Feb-May 2024

January’s mean hourly
emissions are 50% below
baseline

>30,400kg CO, eq
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Conclusions

« Considering the greenhouse gas effect of inhaled anesthetics is a paradigm shift in
this practice of medicine.

« A focus on fresh gas flows can have a profound impact on hourly and total
emissions.

* There are differential global warming effects of various agents. Specifically, avoiding
routine use of nitrous oxide can further reduce emissions.

 Participation in the Anesthesia CQI-sharing metrics and targets can elevate issues
of environmental sustainability in the administration of anesthetics.

« Results for other Henry Ford Health System hospitals are catching up.
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The climate change crisis threatens human health by adversely affecting the spread
of infectious disease, malnutrition, mental health, and the displacement of people or
communities, (1)

The Anesthesiology Performance Improvement and Reporting Exchange {ASFIRE) is a
project of the Multicenter Perioperative Qutcomes Group (MPOG) Collaborative
Quality Initiative (CQI). Their sustainability goal is to help reduce greenhouse gas
emissions from anesthesia waste used in the US by optimizing environmentally-safer
anesthesia agents and managing fresh gas flow.

* MPOG geoal: at least 45% of cases in 2024 will have an
average hourly emissions profile of 2.83kg CO; equivalents
per hour of maintenance anesthesia.

* At Henry Ford Jackson Hospital (HFJH): average hourly
emissions were 6.32kg CO; eq/hr. We seek to reduce that
average hourly emissions rate each month by 40% by
February 2024 and maintain that level into the future,

* Sustainability Goal 01 (SUS-01): Percent of cases with mean
fresh gas flow (FGF) during maintenance anesthesia of
=3L/min, target 95%
* Sustainability Goal 02 (SUS-02): Percent of cases where
mean hourly CO, eq is less than the CO, eq of 2%
sevoflurane at 2L/min FGF = 2.83kg CO, eq/hr, target 45%
* Monthly Mean of Hourly Emissions
+ Calculating CO, equivalents is based on:
= Vapor Flow = FGF x Percent Agent
- GWP19 = Global warming potential is a multiplier to
approximate comparative global warming effect of a
chemical to CO; over a 100-year timeframe

- Molecular weight = GWP to calculate CO, eq is based on
the same mass of chemical

Minimum
Alveolar
Concentration

<D GWP!™  Max Vapor

(3) Flow

Weight
(3)

Sevoflurane 200g/mol 144 40mL/min 2-2.4%
Isoflurans 184.5g 565 1iml/min 1.2-1.8%
Desflurans 1699 2540 2.6mL/min 6.8%

Nitrous Oxide 449 282 92mL/min 1L/min

e e

Reduced default Fresh Gas Flow rate in all

S anesthesia machines at HFHS
Joint education session for CRNAs and
July 2023 anesthesiologists on technical mechanics of
low flow anesthesia (<1L/min)
Clinical education around performance,
August 2023 reliability of previous target (3L/min), with

encouragement toward target below 2L/min
Education about SUS-02 metric, how it is
November 2023 calculated, and how to meet metric; shared
performance data from August-September
Data show reductions in two areas:
1. Use of highest emission gases
2. Use of fresh gas flows

Baseline Data

Monthly Distribution of Ca

January 2024

vaintenance Anesthesia,

Tu

- ]
H e

Downward shift after
intarventions,
reduction in upper
outliers indicated by
mean approximating
madian

distribution
showing more
consistant practice

Figure 1. Boxplots show the distribution of case mean FGF,
month by month, SUS-01 metric was introduced during 2020.
By August 2021, the distribution had compressed showing more
consistent practice. Each boxplot also shifted down reflecting
lower flows. Additional reductions began in August 2023 after
education with centralization of the mean to the median.

Figure 2. July 2023. Any use
of N,O disproportionately
increases both total case
emissions and average hourly
emissions. In July, N;O
represented over 50% of total
anesthetic gas emissions as
measured in CO; equivalents,
reduced to 15.3% in
January.

¢y e=mmmseemezsyleee N

Initiated
education to
45 reduce flows
below 3L/min

3.5 Fecus on limiting
routine use of Ny0
30

Jan  Feb Mo Apr May Jun  Jul  Aug Sep Oct Nov Dec Jan-24

oo Emissions Avoided === Baseling Average = hean Hourly Emissions in 02 eq

Figure 3. Monthly mean hourly emissions in kg CO, eq.
Six consecutive months of decreasing emissions.

SUS-01: 95% 97% for 2023

cases with mean Fresh Gas Flow

= 3L/min

SUs-02: 45% «  35% Jan-July 2023
Cases with mean hourly CO, +  56% Aug-Jan 2024

equivalent = 2.83kg/hour
Monthly mean hourly emissions  40% January’s mean hourly
reduction  emissions are 50%
below baseline

Tatal emissions avoided since nfa >14,600kg CO; eq

August

« Considering the greenhouse gas effect of inhaled
anesthetics is a paradigm shift in this practice of medicine.

+ A focus on fresh gas flows can have a profound impact on
hourly and total emissions.

*»  There are differential global warming effects of various
agents. Specifically, avoiding routine use of nitrous oxide
can further reduce emissions.

+  Participation in the Anesthesia CQI-sharing metrics and
targets can elevate issues of envireonmental sustainability
in the administration of anesthetics.

*  Results for other Henry Ford Health System hospitals will
be available after implementing similar interventions
starting in December 2023,
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