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Abstract

Aims Climate change poses a major threat to global health, with implications for cardiovascular disease.
Cardiovascular imaging warrants attention due to its environmental footprint. Despite recognition of the
need for climate-conscious healthcare, awareness and implementation of sustainable practices among cardio-
vascular imagers remain unclear. This study aims to assess current awareness, knowledge, and attitudes regard-
ing climate change and sustainable cardiovascular imaging.
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Methods An anonymous 2-month online survey was disseminated via European Association of Cardiovascular Imaging

and results newsletters, social media, and direct invitations. It explored: (i) general environmental consciousness, (i) know!-
edge of climate-cardiovascular links, (iii) perceived barriers, strategies, incentives, and communication tools,
and (iv) the survey’s potential influence on practice. A total of 218 participants from 41 countries responded
(51% female; 91% cardiologists; and 84% Europe). Only 11% had received formal education on climate or sus-
tainable healthcare. Self -reported environmental consciousness was low in 12%, moderate in 65%, and high in
23%. While 90% acknowledged healthcare professionals’ responsibility in addressing climate change, 60% rare-
ly considered environmental impact when requesting imaging. Knowledge was limited: only 63% correctly an-
swered >4 of 7 questions. Main barriers were the lack of awareness (47%) and institutional or medico-legal
pressures encouraging frequent imaging (33%). Reducing unnecessary imaging and improving education
were seen as the most effective strategies to address these barriers (50%). After completing the survey, 84%
reported greater inclination to consider sustainable practice.

Conclusion This international survey highlights a gap between environmental concern and its integration into cardiovascu-
lar imaging. Education, institutional support, and system-level strategies are needed to foster sustainable
practice.
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Environmental consciousness was defined in three categories: Low—‘l rarely consider environmental impact in my daily decisions’;
Moderate—‘l sometimes consider environmental impact and make eco-friendly choices when convenient’; ‘High—Environmental considera-
tions actively guide many of my daily decisions and habits’. Abbreviations: CV, cardiovascular.

Introduction . o :
cardiovascular risk, incidence, prevalence, and severity. The

Addressing climate change is an urgent priority, since environ- European Society of Cardiology (ESC) Guidelines on cardiovas-

mental factors exert a profound global influence on cular disease prevention in clinical practice highlight air pollution
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as a major health risk and an important driver of climate change,
largely through fossil fuel combustion and rising carbon dioxide
(CO,) emissions.r Ambient air pollution has been estimated to
reduce life expectancy by 2.9 years, contributing to an annual
global excess mortality of 8.8 million.2

In this regard, it is also important to acknowledge that the
healthcare sector itself contributes substantially to climate
change, accounting for about 4.6% of global greenhouse gas
(GHG) emissions in 2020.23 This fact emphasizes the urgent
need to integrate environmental sustainability into healthcare
delivery, given its implications for both climate change and hu-
man health. Cardiovascular imaging contributes to environmen-
tal impact through its energy use, radiation, and use of contrast
material.*° Climate cardiology has recently emerged as a field
dedicated to understanding and addressing these interactions
between climate change and cardiovascular health.® Given the
pressing need to enhance awareness regarding climate cardi-
ology, this survey aimed to provide a first snapshot of cardiovas-
cular imagers’ knowledge, awareness, and attitudes regarding
climate change and environmental sustainability.” It further eval-
uated their willingness to adopt sustainable cardiovascular im-
aging practices and the potential barriers to its implementation.

Methods
Study population

This survey was conducted by the European Association of
Cardiovascular Imaging (EACVI) Scientific Initiatives Committee
(SIC) and the Heart Imagers of Tomorrow (HIT) Committee from
March to May 2025, in accordance with the EACVI criteria for sur-
veys.? Its content and structure were reviewed and validated by
members of the EACVI SIC to ensure relevance, clarity, and align-
ment with the objectives of the survey. The questionnaire was dedi-
cated for cardiovascular imagers (including cardiologists,
radiologists, imaging technicians/radiographers, biomedical engi-
neers specializing in cardiovascular imaging and others) in Europe
and beyond. The survey consisted of 22 questions, including single-
choice questions addressing four key dimensions: (i) general envir-
onmental consciousness—including prior education on sustainabil-
ity and the integration of environmental considerations in clinical
decisions; (i) knowledge of the climate crisis and its bidirectional re-
lationship with cardiovascular health and imaging—assessed
through seven multiple-choice questions; (iii) identification of key
levers for action, such as perceived barriers, effective strategies,
motivating incentives, and communication tools; and (iv) the poten-
tial influence of the survey on participants’ willingness to integrate
environmental considerations into practice. The survey was con-
ducted using an online platform, was fully anonymized, and tech-
nical measures were implemented to prevent multiple submissions
from the same IP address. Participation was voluntary, and informed
consent was obtained from all respondents.

Statistical analysis

Categorical variables were expressed as frequencies and
percentages.

Analyses were performed according to a three-group classifica-
tion based on self-reported levels of environmental consciousness
in daily life: Low (‘l rarely consider environmental impact in my daily
decisions’), Moderate (‘| sometimes consider environmental impact
and make eco-friendly choices when convenient’), and High
(‘Environmental considerations actively guide many of my daily de-
cisions and habits’).’

Comparisons of categorical variables across groups were per-
formed using the ¥ test. Statistical analyses were conducted using
R software, version 4.2.2 (R Project for Statistical Computing).

Results

A total of 219 individuals participated in the survey; after exclu-
sion of one incomplete response, the final analysis comprised
218 participants from 41 countries with 84% based in Europe
(see Supplementary data online, Table S1 and Figure S1).
Among participants there was 51% female, 91% cardiologists
(80% specialist in cardiovascular imaging), 72% had between
30and 49 years of age (see Supplementary data online, Table S2).

General environmental consciousness,
knowledge of the climate crisis, and its
relationship with cardiovascular health and
imaging

Only 11% of respondents reported receiving formal university
or postgraduate education on the climate crisis or sustainable
healthcare, whereas 41% had encountered patients whose car-
diovascular health was potentially affected by climate-related
factors. Regarding environmental consciousness in their daily
life, 12% self-reported low environmental consciousness, 65%
moderate, and 23% high. While 51% of respondents considered
that healthcare professionals should play a significant role in ad-
dressing the health impacts of climate change, 59% reported
that the environmental impact of imaging tests was of little or
no importance in their clinical decision-making (Figure 1,
Supplementary data online, Table S2).

Awareness of cardiovascular imaging’s

environmental impact

Regarding awareness of climate change and its cardiovascular
environmental impact, 63% of respondents correctly answered
at least four of the seven knowledge questions, with the
proportion of correct responses increasing in parallel
with higher self-reported environmental consciousness (see
Supplementary data online, Table S3 and Figure S2). A large ma-
jority (80%) correctly identified that GHG-related human activ-
ities are the primary cause of climate change,® and 73%
recognized that the strongest predictor of the environmental
impact of an imaging test is its energy consumption.’’
Furthermore, 67% of respondents correctly ranked imaging
technologies according to their carbon footprint. However,
only 39% knew that cardiovascular disease is the health field
most directly impacted by climate change,® and just 20%
were aware that the health sector contributes 4-10% of global
GHG emissions, with ~1% attributable to medical imaging®
(see Supplementary data online, Table S3, Figure 2).

Understanding and willingness to adapt

cardiovascular imaging practice

The most frequently reported barriers to reduce the environ-
mental impact of imaging practices were lack of awareness
(47%) and institutional policies, clinical guidelines, or medico-
legal pressures promoting frequent or unnecessary testing
(33%). Reducing unnecessary imaging and enhancing education
were perceived as the most effective strategies (50%) in redu-
cing the environmental impact of cardiovascular imaging.
When asked about incentives that would encourage prioritiza-
tion of environmental sustainability in cardiovascular care, the
most frequently selected were educational programmes addres-
sing the environmental impact of treatments and diagnostics
(24%) and policies integrating environmental impact
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A Level of environmental
consciousness in your daily life

11.9%
22.9%
Low 65.1%
Moderate
High

C Role of healthcare professionals in
adressing the climate change on health

0.5%q go,

50.7%
39.3%

No role

Minor role

Moderate role
[l Significant role

B Education on sustainable

healthcare
11%
0,
No 89%
Yes

D Importance of the environmental
impact of imaging tests in your clinical
decision-making

11.1%

29%

Not at all important

Not very important

Somewhat important
[l Very important

Figure 1 General environmental consciousness. General environmental consciousness and perceptions of sustainable healthcare
among respondents (n = 218). (A) Self-reported level of environmental consciousness in daily life. (B) Proportion of respondents who
received university or postgraduate education on sustainable healthcare. (C) Perceived role of healthcare professionals in addressing
the impacts of climate change on health. (D) Reported importance of the environmental impact of imaging tests in clinical decision-

making. Data are presented as percentages of respondents.

assessments into care planning (23%). Other options, including
financial incentives, recognition initiatives, research grants,
and support for adopting low-carbon technologies, were en-
dorsed less often (see Supplementary data online, Figure S3).

Regarding strategies to raise awareness of the environmental
impact of medical imaging, the largest proportion favoured the
inclusion of CO, emission data (kg per scan) in clinical guidelines
(37.3%), followed by displaying this information on the imaging
request form (33.2%). Providing such information on informed
consent forms or in practitioners’ reports was less frequently se-
lected (see Supplementary data online, Figure S3).

Importantly, after completing the survey, 84% of respondents
reported being more inclined to consider environmental sustain-
ability in their practice, regardless of their initial level of environ-
mental consciousness (see Supplementary data online,
Figure S4).

Discussion

In this first international survey on awareness, knowledge, and at-
titudes regarding climate change and environmental sustainability
of cardiovascular imaging practices among cardiac imagers, we
identified: (i) an awareness-practice paradox: despite limited for-
mal training in sustainable healthcare, many respondents had al-
ready witnessed climate-related effects on cardiovascular health
and recognized a professional responsibility—yet most did not con-
sider the environmental impact while making their clinical deci-
sions. (ii) Knowledge gaps persist, with only a minority able to
correctly answer most questions on climate change, cardiovascular
health, and imaging's footprint. (iii) Major barriers to implement
sustainable cardiovascular imaging practices were identified,
including lack of awareness, absence of institutional guidance,
and medico-legal pressures driving overuse of imaging.
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| The primary cause of climate change is GHG from human activities

The gest pred of the

consumption

| impact of an imaging test is energy

The carbon footprint (per imaging test) is the following: PET (highest) > CMR >
SPECT > CT > Echo {lowest)

The main goal of the Paris Agreement on global warming are to limit global
warming below 2°C above pre-industrial levels

The characteristic of MRI contrast agents posing the greatest concern is their
ability to react with disinfectants in wastewater, forming toxic byproducts

The field of health the most directly impacted by climate change is cardiovascular
diseases due to heat stress and air pollution

The proportion of GHG attributable to the healthcare sector in industrialized
countries is: 4%-10% of GHG emissions, with 1% attributable to medical imaging

Correct Response Rate by Question

79.9%

50.7%

38.8%

20.5%

0

25 50 75 100
Correct Answers (%)

Figure 2 Knowledge of the climate crisis. Correct response rate to knowledge questions on climate change, health, and cardiovascular
imaging (N = 218). Data are presented as percentages of good answers. Abbreviation: CMR, cardiovascular magnetic resonance; CT,
computed tomography; Echo, echocardiography; GHG, greenhouse gas emissions; MRI, magnetic resonance imaging; PET, positron
emission tomography; SPECT, single-photon emission computed tomography.

(iv) Encouragingly, completing the survey itself increased willing-
ness to integrate sustainability into practice, suggesting that
even brief educational exposure can shift attitudes.

An awareness-practice paradox

Our findings reveal a clear dissonance between awareness of
the climate change problem and daily clinical practice. On the
one hand, respondents acknowledged both the health impacts
of climate change and the responsibility of healthcare profes-
sionals in addressing them. On the other hand, the environmen-
tal impact of imaging was rarely considered in daily clinical
decisions. Only 11% of participants reported having received
formal education in sustainable healthcare, and just 23% de-
scribed themselves as highly environmentally conscious in daily
life. These proportions are strikingly low, especially in light of
the 2023 Lancet Countdown report, which highlighted that cli-
mate change is already negatively impacting health and survival
worldwide at the current mean warming of 1.14°C above pre-
industrial levels.®> The report stressed that without urgent ac-
tion, these health risks will accelerate sharply, but that climate
action itself represents a major opportunity to protect and im-
prove population health. Against this backdrop, the limited in-
tegration of environmental impact into cardiovascular imaging
practice appears particularly concerning, reflecting the absence
of tools, incentives, and institutional guidance needed to trans-
late awareness into action.

Insufficient knowledge

Knowledge gaps were evident, with less than two-thirds of re-
spondents able to answer most questions correctly. While basic
concepts—such as the human cause of climate change—were
widely understood, far fewer respondents recognized the vul-
nerability of cardiovascular disease to environmental change
or the healthcare sector’s substantial contribution to GHG

emissions. Yet, cardiovascular diseases are disproportionately
impacted by environmental factors.® It has been estimated
that air pollution was responsible for 9 million deaths worldwide
in 2019, nearly two-thirds (61.9%) of which were
cardiovascular.©

In parallel, the contribution of healthcare itself to the climate
crisis remains underappreciated. The sector accounts for 4-10%
of national GHG emissions, of which nearly 10% is attributable
to medical imaging.® Importantly, imaging modalities differ sub-
stantially in their environmental footprint, as recently empha-
sized by Gunasekaran et al.” Strengthening knowledge and
competencies in this field is therefore essential—not only to re-
duce the footprint of cardiovascular imaging itself, but also to
ensure that clinicians are fully equipped to address the environ-
mental determinants of cardiovascular risk.

Barriers to sustainable cardiovascular
imaging

The survey highlighted structural and cultural obstacles that
hinder the integration of sustainability into cardiovascular im-
aging. Lack of awareness was the most frequently cited barrier,
followed by the absence of institutional policies or guidelines,
and medico-legal pressures that encourage frequent imaging.
While our results suggest that environmental considerations
remain largely absent from daily decision-making, the issue
has been recognized at the institutional level. The ESC's
2022 strategic plan explicitly identified environmental sustain-
ability as a fundamental value, with a commitment to publish
official scientific statements on the environmental impact of
cardiovascular practice.r* This demonstrates a growing willing-
ness to foster change, although these ambitions are still at an
early stage and have yet to be translated into routine clinical
practice.
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From a technical and practical perspective, Picano et al.* have
argued for an integrated assessment of imaging based on three
complementary pillars—environmental, social, and financial
costs. This approach has recently been incorporated into the
EACVI consensus on stress echocardiography in chronic coron-
ary syndromes,*? which explicitly called for sustainability to be
considered alongside diagnostic accuracy and patient outcomes.
However, such examples remain scarce, and most current guide-
lines do not yet systematically address environmental aspects.
This gap is reflected in our survey: nearly 60% of respondents
admitted that the environmental footprint of imaging had little
or no influence on their clinical decision-making.

These findings emphasize that sustainability in cardiovascular
care cannot rely solely on individual motivation; it requires sys-
temic change. Professional societies, policymakers, and health-
care institutions must provide clear frameworks, align
incentives, and embed environmental criteria into clinical path-
ways. Thus, allowing clinicians to feel supported in their environ-
mentally conscious decision- making.

Willingness to change

An encouraging signal from our survey was that willingness to
consider environmental sustainability increased simply after
completing the questionnaire, independent of baseline environ-
mental consciousness. This demonstrates that even short, low-
intensity interventions can trigger reflection and change.
Embedding sustainability into guidelines, training curricula, and
awareness campaigns could therefore deliver immediate impact.
At the individual level, clinicians can already contribute: redu-
cing unnecessary imaging and making environmentally informed
choices are simple actions with significant potential to cut
emissions.*®

Limitations

Several limitations should be acknowledged. First, the survey
was disseminated through open communication channels with-
out a predefined sampling frame or denominator, precluding cal-
culation of a true response rate and limiting assessment of
representativeness. In addition, no predefined quotas for sex,
age, or geographic distribution were applied, as participation
was open to all eligible respondents, which may have resulted
in imbalanced representation across subgroups.

The geographic distribution of respondents was predomin-
antly European, with strong representation from Western
Europe. This imbalance may introduce selection bias and limits
the generalizability of the findings to cardiovascular imaging
communities in other regions. Although the survey was primarily
conducted within cardiovascular imaging societies, it was also
open to professionals from other fields; however, the small num-
ber of non-imaging respondents did not allow for meaningful
subgroup comparisons.

Environmental consciousness was assessed using a self-
reported, non-validated categorical measure. While more com-
prehensive instruments exist, their length was not compatible
with the survey design. This subjective assessment may have in-
troduced misclassification bias and should therefore be inter-
preted as exploratory. Furthermore, the reported increase in
willingness to integrate environmental considerations after
completing the survey may have been influenced by a
Hawthorne-like effect, whereby participants modify reported
attitudes or intentions as a result of survey participation.

Finally, real-world imaging volumes were not considered, pre-
cluding assessment of the overall environmental impact of each

imaging modality, which also depends on frequency of use.
Moreover, although cardiovascular imaging contributes only a
limited proportion of total healthcare-related GHG emissions,
it plays a central role in guideline-recommended multimodal
strategies that improve patient outcomes. Sustainability consid-
erations should therefore be carefully considered alongside pro-
ven clinical benefits and should not compromise evidence-based
cardiovascular care.

Conclusions

This first international survey identified a gap: while awareness
of climate change is rising, knowledge and implementation of
sustainable cardiovascular imaging remain limited. Major bar-
riers persist, yet even brief educational exposure increased will-
ingness to change. To move from concern to action,
sustainability must be embedded into training, guidelines, and
institutional frameworks—making environmental responsibility
an integral part of cardiovascular care.
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