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Healthcare CO2eq footprint is 2x Aviation

IMPACTS ON AVAILABZILITY OF CLI MATE CHANG E
B il o X ITS IMPACT ON HEALTH IN CANADA

Due to arctic warming ( 3x Global Rate)*.

Climate change is the biggest global
health threat of the 21st century.

— Lancet’
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Climate change-
exacerbated drought and
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Syrian refugee crisis.”
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Sequence of events in radiotherapy

Cone-beam CT

Replanning N ‘
_
Treatment Imaging Treatment Plan approval
decision (simulation) planning and QA

Many patients have diagnostic CTs prior to consultation.

"\

Radiotherapy
delivery

What if we substituted the CT-sim with the diagnostic CT?



How do radiation oncology treatments contribute?

1.Patient roomed
2.Patient positioning
3.Simulation CT
4. Treatment planning
5.Cone beam CT

6.LINAC treatment

Gridwatch Webapp:

ransportation
to and from
haspital

Power usage
of various
machines for
treatment
planning and
herap
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Skipping the Simulation Scan

Treatment
decision

Treatment Plan approval
planning and QA

@ Cone-beam
CT

e

P

Radiotherapy
delivery

— Single-day palliative treatments differ from curative treatments

e Timely treatment for symptom control is the goal, rather than preciseness!

— Simulation scans may be unnecessary and non-contributory

Follow-up
care

— Omitting simulation step has the potential to reduce greenhouse gas emissions by:

e Reducing number of trips to hospital

e« Energy savings from simulation CT scanners

O



Simulation CT-Free Workflow
o

Radiotherapy

delivery
I

/ Cone-beam \
CT?

o Diagnostic CT used for treatment planning

Replanning

Treatment Treatment Plan approval
decision planning and QA

e Cone beam CTs further leveraged to match and confirm patient positioning

In real-time before treatment

o Cone beam CTs taken as needed (up to 3 tries)

. /




Assess the environmental impact of simulation-
free treatment workflow for patients undergoing

palliative radiotherapy treatments

— Calculate greenhouse gas emissions from
simulation-free treatment workflow

— Compare treatment with control group




Patient Selection
Ggibility: \

e Able to tolerate lying flat for 45 minutes

e Planned to receive a single palliative radiation fraction

e Had a diagnostic CT within the past four weeks
**Patients requiring target motion management or radiation immobilization
devices were excluded

— 16 treatments of simulation CT-free palliative radiation workflow between

\December 2023 to June 2024 included /




Control Patients
ﬁgibility: \ /Treatment sites: \
e Underwent the traditional simulation CT 1 Sacrum left

workflow - 2 LS spine
e Receive a single palliative dose of radiation - 1SBRT
o Controlled for treatment site (site- sternum
matched with simulation-free > 1 Tibia left
patients) - 1 Scapula left
- 1 Pelvis
— 16 treatments of conventional palliative . 1 Back

radiation workflow between April 2021 to March 1 Liver
@22 Included / L]_Abﬂﬂmﬁn_/




Carbon Emissions Calculation

(Distance from home) x (Average
~ CO2e of common vehicles)

All patients travel using personal vehicles

Patients travel by the shortest route to and from
- hospital

(kWh of scan) x (intensity of Ontario's
~ electricity GridWatch)

Energy consumption of scan is estimated to the
- nearest radiological scan type, based on a
~ published paper

Cone beam CT

(kWh of scan) x (intensity of Ontario's
~ electricity GridWatch)
**ON state of Varian cone beam CT is

indistinguishable from baseline power
- fluctuations

Energy usage based on manufacturer’s supplled
data '

_ LINAC idle time
and treatment

(Machine units from treatment
- converted to kWh) x (intensity of
- Ontario's electricity GridWatch)

- Energy usage based on manufacturer’s supplled
~ data

e oL O H.eye.T,.KnoerI.R,.Weh.r.Ie.T et al. (2020)
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Control Distances
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Transportation

K Thirteen control patients made an
additional trip to hospital for simulation

CT prior to treatment

o Three patients had simulation CT
taken same day as treatment

e ~35.28% less CO2 emissions in
simulation-free treatment group

o Sim-free 162.2268 kg CO2

\ o Control 250.614 kg CO2 /

300
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100

a0

Transportation (kg CO2)

Simulation-free Control group

m Transportation (kg CO2)



Simulation CT

-~

o

Control group patients underwent
simulation CT

o Additional 0.594 kg CO2 emitted

o Calculated using estimated CO2

emissions for various imaging protocols

from Heye, Knoerl, Wehrle, and
colleagues (2020)

/

Heye T, Knoerl R, Wehrle T, et al. The Energy Consumption of
Radiology: Energy- and Cost-saving Opportunities for CT and MRI

Operation. Radiology. 2020;295(3):593-605.
doi:10.1148/radiol.2020192084

- Area scanned approximated #
-~ to radiology scan regions :

Chest-abdomen-pelvis 4
EXtremmes .... 1 .............
CheSt ...................................................................... 2 .............
____ pe|V|S5



Cone Beam CT

Number of Participants

Number of Cone Beam CTs by Group

| -

Number of CBCTs

-

.

Simulation-free patients

underwent more cone beam

CTs than control patients

~

/




| inear Accelerator

-

.

Machine units:

Simulation-free: 35747.08 MUs
Control: 16741.30 MUs

~

/

CO2 Emissions (kg CO2)
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Overall Environmental Impact of Each Workflow

CO2 Emissions Breakdown by Group

_ CO2 Emissions Breakdown by Group (Excluding Transportation)
|
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Group

e Simulation-free group produces less CO2 emissions than control group
e Transportation makes up the majority of the carbon dioxide production
o If we exclude transportation, simulation-free workflow produces
slightly more CO2 than control



e Omitting simulation CT resulted in more cone beam CTs

o  Energy consumption from cone beam CTs is relatively small

o However, simulation-free workflow takes longer with unpredictable amount of time due to repeat
imaging and positioning

e Simulation-free treatment workflow is an effective method of reducing
carbon dioxide production for eligible patients

o  Transportation is the greatest contributor to carbon dioxide emissions!

o /




Other Points for Discussion

Same-day simulation CT and radiation treatment appointments

o Patients often wait a long time between the appointments, which makes the experience inconvenient for
them

e Requires sufficient planning team resources for same-day radiation plan creation and verification

o Certain treatments (ex: SBRT) cannot be completed same day due to extensive dose calculation, will likely
be limited to simple 8 in 1 treatments

Patient comfort and ability to tolerate treatments

o Simulation CTs allow us to test whether patient can remain in certain position reliably for treatment



Differences between groups

Various assumptions for calculations

Limited sample size (N=16)
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i Air Quality
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Background

= Air pollution is a leading environmental health
hazard contributing to excess in morbidity and
mortality

" |[n 2019, 99% of the world’s population lived in places
where the WHO air quality guidelines were not met

= Health damages associated with air pollution are
estimated at USS8.1 trillion




Background

ine particulate matter with £2.5 um aerodynamic
iameter (PM, ) is the most studied component of

ir pollution and is associated with cardiovascular
disease

Q O M

" 31% of cardiovascular disease is related to
environmental factors, of which air pollution is
regarded as the most important

@&3






Background

" Animal studies and autopsy data suggest that
myocardial fibrosis could mediate the adverse
cardiovascular effects of air pollution

" Myocardial fibrosis is associated with adverse
outcomes and can precede development of heart

failure
= Can be assessed non-invasively using cardiac MRI




Background

" Long-term air pollution is associated with ventricular
remodeling in patients without CVD

" Myocardial fibrosis could explain some of the
variability in heart failure progression, which is not
explained by traditional risk factors




Purpose

" To evaluate the relationship between long-
term exposure to ambient PM, . and and the
extent of myocardial fibrosis in patients with
cardiovascular disease




Methods

= Single-center retrospective cohort study

* Inclusion: Patient with dilated

cardiomyopathy (DCM) referred for CMR
between 2018-2022 with clinical follow-up

" Exclusion: Prior myocardial infarction and
severe valve disease



Methods

" Primary outcome: Cardiac MRI native T1 z-score
(marker of diffuse myocardial fibrosis)

= Secondary outcomes:

— Late gadolinium enhancement (replacement fibrosis)
— Left ventricular ejection fraction (LVEF)
— Left ventricular end-diastolic volume

— Native T2 z-score (marker of edema)

@&g



Methods

" Exposure: One-year mean concentration of
daily ambient PM, . (ug/m?3) from the closet
monitoring station to each patient’s
residential address prior to cardiac MR




Methods

" Linear and logistic regression models

" Adjusted for: age, sex (sex assigned at birth),
body surface area, local ambient
temperature, distance to nearest monitoring
station, urban versus rural residence location,

MRI field strength, year, cardiac risk factors
and socioeconomic status

@&3



Results

506 patients assessed for eligibility

4 patients excluded due to
LGE-based evidence of Ml

7 patients excluded due to
> valvular insufficiency or
stenosis on MRI

2 patients excluded due to
artifact on T1 maps

A4

493 patients included in the study

Median one-year
PM, . =7.8 ug/m?3
(IQR 7.4, 8.1)



Neighborhood median annual
household income ($)°

Neighborhood education level
(diploma or higher) (%)

(36,800,
51,200)

(36,800,
48,800)

(35,200,
51,800)

(37,200,
52,000)




Results

Cardiac MRI Findings by Tertiles of One-Year Mean PM, . Exposure

' Native T1 z-score 1.4 (0.4,2.5)  1.1(0.1,2.2) 1.4 (0.4, 2.5) 1.7 (0.5, 3.1) .005

.....

Tazscore  02(06,09) 01(0607) 03(-0610 00(07,08 .85
LVEDVI, ml/m? 1 'i'é"('ib"é"'ih"é')'"""'i'i"i"(l"ﬁi""l"égj""""'i'i'é"("l"éé""iﬂj """"" i'ii"("iﬁé""i'é'i')' """""" 01
LVEF, % 40 (24,54) | 49 (28,57) | 41(25,54) | 35(21,51) @ . 001

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

LGE presence (%)abi 322 (67) 92 (58) 112 (70) ~118(72) | .005
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In fully adjusted multivariable
model, one-year ambient
PM, . exposure was
associated with a 0.28 higher
native T1 z-score per 1 pug/m3

Native T1(ms)

el

Fine Particulate Air Pollution (pg/m?)
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Linear Regression

Logistic Regression

B-coefficient 2 P value Odds Ratio ° P value
(95%Cl) (95%Cl)

UNIVARIABLE MODELS
Native T1 z-score 0.26 (0.11, 0.42) .001 - -
T2 z-score 0.08 (-0.02, 0.18) 13 - -
LVEDVI, ml/m? 1.4 (-2.4,5.2) A48 - -
LVEF, % -1.6 (-3.1, -0.3) .045 - -
LGE presence (%) = 1.22 (1.02, 1.47) .034
MULTIVARIABLE MODELS ©
Native T1 z-score 0.28 (0.11, 0.45) .001 - -
T2 z-score 0.05 (-0.06, 0.16) .37 - -
LVEDVI, ml/m? 2.6 (-1.4, 6.6) .20 - -
LVEF, % -1.2 (-2.8, 0.3) 11 - -
LGE presence (%) = 1.25(1.01, 1.56) .041




Results

" |n fully adjusted multivariable model the
increase in native T1 z-score (per 1 pug/m?3) were

— 0.40 in women compared to 0.23 in men
— 0.45 in smokers compared to 0.24 to non-smokers
— 0.37 in hypertensive patients compared to 0.26 in non-hypertensive patients

" Adjusted effect estimates for long-term
PM, . exposure on native T1 z-scores were
similar for patients <50 and =50 years of age




Limitations

= Single center study

= Potential for unknown and unmeasured
confounders

" No histological confirmation

" Only evaluated ambient PM, . exposure and did
not account for indoor exposure or exposure to
other air pollutants




Conclusion

= Higher past PM, . exposure was associated
with increased native T1, a marker of diffuse
myocardial fibrosis

" Myocardial fibrosis could mediate the adverse
cardiovascular effects of air pollution, even at
exposures below current air quality guidelines

@&3



Conclusion

= Air pollution is ubiquitous, although the risks are
not equal

= Certain subgroups are more vulnerable, with a
larger effect observed in women, smokers, and
hypertensive patients

=" Medical imaging can be used as a nhon-invasive tool
to assess underlying mechanisms of climate-
related disease



To evaluate the relationship between long-term
air pollution exposure and myocardial fibrosis Key Result

W Higher exposure to fine

particulate air pollution
is associated with

Myocardial fibrosis myocardial fibrosis even

assessed by cardiac at low exposure levels
MRI T1 mapping

Implications

Ambient air pollution
is a modifiable
cardiovascular risk

Exposure

One-year exposure to factor
ambient fine particulate . S Medical imaging is a
air pollution PR — non-invasive tool to
R bR ~ | investigate climate
SRS R ¥ health effects
J"J"" 1 R R
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Research ethics, climate change, & human

health

RESEARCH ETHICS  CLIMATE CHANGE HUMAN HEALTH
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Special Communication

May 24/31, 2000

What Makes Clinical Research Ethical?

Ezekiel J. Emanuel, MD, PhD; David Wendler, PhD; Christine Grady, PhD

Favorable risk-

benefit ratio

¥ Author Affiliations
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Peculiarity: A risk-benefit fallacy?

Potential risks focus on the
individual

V/s.
Potential benefits focus on

more than just the
individual




Central ethical inquiry

Do the potential harms/risks of a research study to non-
participants (e.g., society, future generations, etc.) matter?



Where beneficence, we should find

non-maleficence

Insofar as we stand in moral relation to
a group, we cannot arbitrarily decide
what it is that we owe them

If we have a general duty of
beneficence, we have at the very least
an equal duty of non-maleficence
toward them




Indirect harms and risks to society

matter

Such indirect risks and harms include how health interventions
may:

(1) Broaden health inequities

(2) Exploit lands, resources, humans, and non-human animals,

(3) Destroy natural habitats, and

(4) Contribute to anthropogenic climate change through the
carbon footprint of health research



Research ethics & climate change

Major Problem:
lgnores the greatest
threat to our
species, non-human
animals, plants,
natural ecosystems,
and our planet:
climate change

¢ United ¢ A\\y UNITED NATIONS
©%) Nations |\ HUMAN RiGHTS

Instruments & mechanisms

Climate change the greatest threat the
world has ever faced, UN expert
warns

21 October 2022



Health research
not insignificant
contributor

e Based on 350 000 trials on
ClinicalTrials.gov. by the
Sustainable Clinical Trials
Group, we get an
estimated 27.5 million
tones of carbon emission
(1/3 of the total annual
carbon emissions of
Bangladesh, a country of
163 million people)




Net Neutral: a modest proposal

1. Calculate and disclose the associated
carbon footprint of their research; &

2. Develop a reduction/mitigation plan to
ensure that study achieves net-zero
carbon emissions

B N S

On this account, mutatis mutandis, research
that cannot achieve net-zero carbon
emissions would, prima facie, be deemed
ethically unacceptable



Moral Justification

X WORLD Y-

* How do we ground a “new wonn L
r e q u i r em ent” VS. m a kl n g a n HAT WE DO PUBLICATIONS NEWS & PRESS HO WE ARE UNIOR DOCTORS M A_ "
already existent moral WMA DECLARATION OF HELSINKI — ETHICAL PRINCIPLES

requirement eXpIICIt? FOR MEDICAL RESEARCH INVOLVING HUMAN SUBJECTS

* Risk-benefit ratio principle
 Respect for persons

. . Principle 11: “Medical research
e Environmentalism

should be conducted in a
manner that that avoids or
minimizes peosstble harm to the
environment [and strives for
environmental sustainability]”



Elucidation, Embedment & Enforcement

Elucidation Embedment Enforcement




Barrier?




Informative Vs. Uninformative Research

o AS t h e Sy St e m Views 26,820  Citations 42 | Altmetric 346 = Comments 1

Viewpoint

encourages poor research  wasas

Harms From Uninformative Clinical Trials

it is th m th
I t I S t e SySt e t a t Deborah A. Zarin, MDW; Steven N. Goodman, MD, MHS, Pth; Jonathan Kimmelman, PhD?

2 Author Affiliations
S h O u I d b e C h a n ge d We JAMA. 2019;322(9):813-814. doi:10.1001/jama.2019.9892
[ ]

Individuals who enroll in clinical trials do so with the belief that their participation will help to advance

n e e d I e S S re S e a rC h ) b ette r medical science. However, many trials are designed, conducted, and reported in ways that stymie this
objective, a problem that can be called “uninformativeness." From the perspective of rese BILLEMEUNDA. . Aboutus v Qurwork v ldeas v search Q
a form of research inefficiency.! But from the perspective of participants, preventable uni
re S e a rC h ) a n d re S e a rC h ness is a serious breach of trust and a violation of research ethics.
. “Uninformative research” is the global health
done for the right

reasons” (Altman, 1994)

To put it bluntly: Three out of four [U.S. clinical
trials] were a waste of time and money.




* Perverse
research

Research motivations?

Industrial

complex?

* More is better?




Do your part!

We need
researchers,
funders, sponsors
g andd the rlesea rch
o Industria
o complex to do
i their fair share

" : L with respect to
We are stealing from the future, selling it to the  their carbon

present, and calling it GDP”-Paul Hawken footprint

./
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D’Souza & Samuel (2023)

JAMA Network

— JAMA’

Search All Enter Search Term

Opinion | June 20, 2024 News | April 26, 2024

Views 4,509 | Citations O ' Altmetric 15 ' Comments 1

Viewpoint | Climate Change and Health

November 27, 2023

Clinical Research Risks, Climate Change, and
Human Health

Jeff D'Souza, PhD"2; Gabrielle Samuel, PhD3

> Author Affiliations

JAMA. 2023;330(23):2247-2248. doi:10.1001/jama.2023.23724

Chapter 13: “Have We
Been Miscalculating the
Potential Benefits and
Risks of Research All
Along?: A Closer Look at
the Interconnectedness of
Research Ethics, Climate
Change & Global Health”
In Handbook of
Environmental Bioethics,

Oxford University Press,
(2025)



summary

(1) We need to revise how we calculate the risks and benefits of
health research to include those indirect harms related to
climate change

(2) We should advocate for change across the research ethics
ecosystem

(3) We need to do so in a fair and just way that does not exacerbate
existing health inequities & opportunities



Thank you



Please provide feedback to inform future eve

If you’re heading out early,
Please fill out the
Symposium Evaluation Survey
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