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Abstract

Objectives Energy consumption and carbon emissions from medical equipment like CT/MRI scanners and worksta-
tions contribute to the environmental impact of healthcare facilities. The aim of this systematic review was to identify
all strategies to reduce energy use and carbon emissions in radiology.

Methods In June 2023, a systematic review (Medline/Embase/Web of Science) was performed to search original
articles on environmental sustainability in radiology. The extracted data include environmental sustainability topics
(e.g., energy consumption, carbon footprint) and radiological devices involved. Sustainable actions and environmental
impact in radiology settings were analyzed. Study quality was assessed using the QualSyst tool.

Results From 918 retrieved articles, 16 met the inclusion criteria. Among them, main topics were energy consump-
tion (10/16, 62.5%), life-cycle assessment (4/16, 25.0%), and carbon footprint (2/16, 12.5%). Eleven studies reported
that 40-91% of the energy consumed by radiological devices can be defined as “nonproductive” (devices “on”

but not working). Turning-off devices during idle periods 9/16 (56.2%) and implementing workflow informatic tools
(2/16, 12.5%) were the sustainable actions identified. Energy-saving strategies were reported in 8/16 articles (50%),
estimating annual savings of thousand kilowatt-hours (14,180-171,000 kWh). Cost-savings were identified in 7/16
(43.7%) articles, ranging from US $9,225 to 14,328 per device. Study quality was over or equal the 80% of high-quality
level in 14/16 (87.5%) articles.

Conclusion Energy consumption and environmental sustainability in radiology received attention in literature.
Sustainable actions include turning-off radiological devices during idle periods, favoring the most energy-efficient
imaging devices, and educating radiological staff on energy-saving practices, without compromising service quality.

Relevance statement A non-negligible number of articles — mainly coming from North America and Europe —
highlighted the need for energy-saving strategies, attention to equipment life-cycle assessment, and carbon footprint
reduction in radiology, with a potential for cost-saving outcome.

Key points

« Energy consumption and environmental sustainability in radiology received attention in the literature (16 articles
published from 2010 to 2023).

« A substantial portion (40-91%) of the energy consumed by radiological devices was classified as “non-productive”
(devices “‘on”but not working).
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- Sustainable action such as shutting down devices during idle periods was identified, with potential annual energy

savings ranging from 14,180 to 171,000 kWh.

Keywords Carbon emissions, Electricity, Energy savings, Environmental sustainability, Radiology
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Articles, mainly from North America and Europe, highlighted the need for
energy-saving strategies, equipment life-cycle assessment,
and carbon footprint reduction in radiology, with potential for cost-saving outcome.

Introduction

In recent years, there has been a growing recognition of
the urgent need for environmental sustainability across
various sectors of society. As a result, individuals, organi-
zations, and industries are taking proactive steps to
minimize their ecological footprint, to ensure not only
environmental benefits but also substantial economic
savings [1]. Climate change is causing a range of impacts
on communities such as more frequent extreme weather,
air pollution, changing distribution of infectious diseases,
mental health impacts, and others [2].

Within the healthcare sector, environmental sustain-
ability has emerged as a critical concern [3-5]. Health-
care facilities, including radiology departments, have
traditionally been associated with high-energy consump-
tion, carbon emissions, waste generation, and the use of
potentially harmful substances. However, the realiza-
tion of the healthcare sector’s substantial contribution to
environmental degradation has spurred a transformative
shift toward sustainability [6, 7].

In this context, the Greenhouse Gas (GHG) Protocol
Corporate Standard [8] establishes standards and guid-
ance for organizations in preparing GHG emissions
inventories, outlined by the Kyoto Protocol. Its objectives
include ensuring a true and fair representation of emis-
sions, simplifying inventory compilation, providing data
for strategic emissions management, facilitating partici-
pation in GHG programs, and enhancing consistency and
transparency in accounting and reporting across compa-
nies and programs.

In addition, considering the categorization of the GHG
Protocol Corporate Standard [8] for carbon emissions
associated with companies (Scope 1 for “direct GHG
emissions”; Scope 2 for “electricity indirect GHG emis-
sions”; and Scope 3 for “other indirect GHG emissions”),
health care facilities play a role in all three of these
categories.

Radiology departments, crucial in the diagnosis
and treatment of various medical conditions, have a
particular responsibility to align their practices with
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environmental sustainability principles. Studies show
that diagnostic departments account for about 9% of the
carbon emission footprint in medicine [9, 10]. The health
sector is responsible for a part of the global greenhouse
gas emissions of about 4-10% [10-12]. Other studies
have shown that computed tomography (CT) and mag-
netic resonance imaging (MRI) equipment account for
a large portion of the hospital’s total energy consump-
tion and carbon emissions (Scope 2) [10, 13-17]. In
radiology departments, the main contributor to climate
change is high electricity consumption caused by using
energy-intensive medical devices such as CT scanners,
MRI systems, and workstations [16, 17]. Additionally, a
significant portion of medical equipment remains on and
nonproductive for nearly one-third of the day [14]. Fur-
thermore, the cooling processes of radiology equipment
and the energy consumption generated by the enterprise
picture archiving and communication system (PACS)
contribute significantly to the energy consumption and
carbon emission (Scope 1 and Scope 2) for hospitals,
especially when these systems are left on overnight, as
commonly practiced in radiology departments [16].

In an intermediate-size or large radiology department,
a considerable number of workstations always remain
in operation, regardless of their actual use. This preva-
lent practice is particularly evident in hospital facilities,
where hundreds of workstations contribute significantly
to unnecessary energy consumption. As a result, exces-
sive energy waste exacerbates the environmental foot-
print associated with radiology [18]. For those reasons,
hospital radiology departments have great potential in
reducing energy consumption, which is accessible by
developing workflow optimization processes, using con-
trol systems, and improving and optimizing the utiliza-
tion of used equipment of imaging departments.

To our knowledge, the only systematic reviews pub-
lished so far in the radiological area have focused on
interventional radiology [19] and radiation oncology [20].
Therefore, the purpose of this systematic review was to
identify all strategies and approaches to minimize energy
use and carbon emissions in radiology departments.

Materials and methods

No ethics committee approval was needed to perform
this systematic review, and it was reported according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [21].

Systematic search

In June 2023, a systematic search was conducted on
MEDLINE (PubMed), Embase (Elsevier), and Web of Sci-
ence to find original articles on environmental sustain-
ability in radiology department. The search was limited
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to original studies written in English, published on peer-
reviewed journals, with an available abstract. The search
strings were built using the following strategy, based on
the Population, Intervention, Comparison, and Outcome
(PICO) model and adjusted for each database consider-
ing their own unique indexing systems, terminology, and
search algorithms:

« ’Environmental sustainability’/exp + synonyms

+ ’Radiology’/exp+synonyms OR ’radiology depart-
ment’/exp

« ’Energy consumption’/exp+synonyms OR ’carbon
emission’/exp OR recycling’/exp OR "waste’/exp”

The full search strings were reported in Supplementary
file 1.

Three researchers (A.R., G.R.B., and M.Z., with 1 to
7 years of experience in diagnostic imaging research) per-
formed in consensus an initial screening of the retrieved
articles, excluding reviews, case reports, and studies that
only comprised automatic computer analyses. The full
text was downloaded for all studies included at this first
selection, and a second screening was performed. Finally,
references of included articles and reviews were manually
searched to check for further eligible studies.

We included a study if it was as follows: (1) focused
on environmental sustainability strategies and (2) had
sustainability endpoint in diagnostic radiology depart-
ments, radiology imaging services, or in diagnostic radi-
ology medical school. We excluded the following: (1)
studies focused on hospitals in general or in setting dif-
ferent from diagnostic radiology department; (2) reviews,
editorials, and viewpoints; and (3) abstracts or conference
proceedings.

Data extraction

For all articles included at the final selection, the same
researchers who selected articles performed indepen-
dently data extraction. In case of disagreement among
readers, arbitration was performed in consensus. For
each study, the extracted data (when present) were as
follows: year of publication; continent and country of
publication; study design (prospective or retrospective);
environmental sustainability topic (energy consump-
tion, carbon footprint, life-cycle assessment); type of
carbon emission or energy consumption (direct carbon
emission/energy consumption, for diagnostic radiology
activity delivery, or indirect carbon emission/energy con-
sumption, from sources such as patients, students and
workers travel, and resource life cycle); types of radiologi-
cal devices involved; unit of measurements system; data
collection method; and sustainable actions described.
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Findings from the included studies that reported on envi-
ronmental sustainability in the radiology setting are pre-
sented through a formal narrative synthesis.

Study quality appraisal

One researcher (A.R.) with 1 year of experience in diag-
nostic imaging research reviewed the quality of the
included articles, using the QualSyst tool [22], using the
checklist for qualitative studies.

Results
Study selection and methodological quality assessment
Starting from 400 records identified through search
query on MEDLINE, 823 on Embase, and 474 on Web of
Science and 8 identified through other sources such as
references from included works, 918 were identified after
duplicates removed. A total of 858 articles were excluded
from title and abstract, while the remaining 60 were
downloaded for individual assessment.

Finally, a total of 16 articles which matched the inclu-
sion criteria were eligible for narrative synthesis. A flow-
chart of study selection is shown in Fig. 1.

Characteristics of the included publications

Baseline characteristics of articles are summarized in
Table 1. Full database is published in Zenodo repository
for data sharing (https://doi.org/10.5281/zenodo.10473
106). Two descriptive surveys were among the included
publications [23, 24]. The remaining articles reported the
results of studies on carbon footprint, consumption, and
energy savings in diagnostic radiology departments using
various quantitative descriptive methods. Seven articles
originated from the USA, three from Switzerland, and
two from the UK and also included contributions from
Ireland, Canada, Australia, and Germany.

Topics, settings and devices
The main topics of articles related to environmental sus-
tainability are as follows:

+ Energy consumption and nonproductive periods of
radiology devices (10/16, 62.5%)

+ Life-cycle assessment (4/16, 25.0%)

« Carbon footprint and environmental impact (2/16,
12.5%)

In the field of diagnostic radiology, inhospital services
are the main investigation’s setting (14/16, 87.5%), fol-
lowed by radiology training areas (2/16, 12.5%). Diagnos-
tic radiology devices were considered in 13 studies [13,
14, 18, 25-28, 30-35]. In particular, the devices whose
energy consumption or environmental impact has been
most studied are CT scanners (7/16, 43.7%), followed by
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MRI scanners (6/16, 37.5%), monitors and workstations
(4/16, 25.0%), and ultrasound scanners (3/16, 18.7%).

In summary, as shown in Fig. 2, the main issues on
which studies in the literature have focused mainly
concern the electricity consumption of diagnostic radi-
ology equipment during the period of operation. Only
a small proportion of them evaluate the entire life cycle
of the equipment.

Energy consumption and potential energy saving

A total of 11 studies [13, 14, 18, 25-29, 33-35] focused
on energy consumption in radiology departments and
identified potential areas for improvement. In 8 of
these 11 studies [13, 14, 18, 25, 26, 33—-35], the authors
used real-time meters electricity/power consump-
tion, as a tool of measuring the electricity consumed.
Alshqaqeeq et al. [28] evaluated the appropriateness of
imaging examinations in relation to energy consumption
described for each type of imaging exam. Moreover, the
unit of measurement adopted to describe electricity con-
sumed is kilowatt-hour (kWh) in 9 out of 11 articles [13,
14, 18, 25, 26, 28, 33—-35]. In addition to electrical energy
expressed in kWh, some authors use carbon dioxide
equivalent (CO,-eq), as scope 2 emissions, to describe
environmental impact (3/11) [18, 25, 27, 33] and cost
(US dollars) to describe economic impact of radiology
service’s activity (7/11) [14, 18, 25, 28, 29, 33, 35].

In all studies about energy consumption, it was
observed that the energy consumption of diagnostic radi-
ology devices, such as MRI scanners and CT scanners,
constituted a significant portion of the overall energy
usage. Turning off devices during idle periods was high-
lighted as a sustainable action. Studies reported that a
considerable percentage (ranging from 40 to 91%) [13,
14, 25-27, 34, 35] of the energy consumption by these
devices was defined as non-productive, emphasizing the
need for optimizing device usage and reducing idle times.

Sustainable actions aimed at energy saving and cost
reduction were explored in the literature [13, 14, 18, 25—
29, 33-35]. Turning off devices during idle period strat-
egies were reported in 9/16 (56.2%) articles [13, 14, 18,
25-27, 33-35], and implementing informatic tools for
workflow in 2/16 (12.2%) articles [14, 29] and optimiz-
ing operating modes in 2/16 (12.2%) articles [27, 28] were
effective approaches. Significant potential energy savings
were reported in 8/16 (50%) articles, with studies esti-
mating annual savings ranging from thousands to tens of
thousands of kWh (ranging from 14,180 to 171,000 kWh)
[13, 14, 18, 25, 26, 33—35]. Cost savings were also iden-
tified in 7/16 (43.7%) articles [14, 18, 25, 28, 29, 33, 35],
emphasizing the economic benefits of energy-efficient
practices applied to the analyzed radiology devices.
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Screening Identification

Eligibility

Included

Records identified through
database searching

MEDLINE: 400

EMBASE: 823
Web of Science: 474

Additional records identified through reference searching

(n=8)

-/

Records after duplicates removed
(n=918)

Records screened
(n=918)

Records excluded based on title and abstract
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Full-text articles assessed for eligibility
(n=60)

Full-text articles excluded, with reasons (n = 44)

Reviews, editorials and viewpoints (n = 19)
Abstracts or conference proceedings (n = 15)
Generic hospital focused studies (n = 4)
Interventional radiology department studies (n = 4)
Radiation oncology department studies (n = 1)

Non-English publications (n =1)

Studies included
(n=16)

Fig. 1 Flowchart depicting the study selection process, according to the Preferred Reporting Item for Systematic Reviews and Meta-Analyses

(PRISMA)
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Fig. 2 Number of articles grouped by topic of environmental impact

Life-cycle assessment

Four studies [27, 30-32] conducted life-cycle assess-
ments to evaluate the overall energy consumption
and environmental impact associated with radiology
services. These assessments considered both direct
energy consumption within the hospital setting and
indirect energy consumption associated with the
manufacturing, transportation, and disposal of imag-
ing devices. In these four studies, a transparent and
detailed life-cycle assessments approach not only is
used to assess the direct and indirect energy impact
of radiological devices but also frequently includes the
evaluation of public health implications. Among medi-
cal imaging modalities, ultrasounds are found to have
the least environmental impact, significantly different
from other modalities. For MRI, the carbon footprint
associated with the entire individual service has been
measured up to a maximum of 22.4 kg of CO,-eq, as
Scope 2 and Scope 3 emissions. This value includes
both inhospital process energy (29 kWh per patient)
and off-hospital energy (about 75 kWh per patient),
required not only for electricity generation during
its medical use but also for the manufacturing of the
MRI scanner itself and disposable and reusable prod-
ucts used during diagnostic activities. Only approxi-
mately 28% of the total MRI life-cycle energy is used
for image acquisition, suggesting potential improve-
ments to reduce the environmental impact [27, 30].
However, there is relatively less attention given to the
deactivation and disposal of radiological equipment.
These analyses provide a basis for comparing environ-
mental impacts across different imaging modalities
throughout their entire life cycle, with implications
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for cost-effectiveness analyses and the development of
sustainable policies in the medical field.

Attitudes and perception

Two studies [23, 24] provided insights into the attitudes
and perceptions of radiology staff toward environmen-
tal sustainability. In both studies, the survey method was
used. In the first study [23], the environmental impact
of radiology students’ travel during their internship was
assessed. Based on the responses, the environmental
impact of the students’ travel was calculated (the total
emissions released by all radiology trainees would be
122.5 tons of CO,, equating to 73.8 return flights from
London to New York), and suggestions were made to
improve their environmental sustainability. For example,
trainers and trainees were happy to use e-mail or video
links, rather than face to face during the training, to
reduce their environmental impact. In the second study
[24], an online survey was conducted among radiology
staff to assess their attitudes towards the climate emer-
gency. The results showed a high level of concern regard-
ing this issue. Active commuting represents only a small
percentage of the travel related to radiology services.
Energy-saving measures are commonly implemented in
radiology departments, but they constitute only a frac-
tion of the overall energy usage.

These two studies have shown that there is a com-
mon sensitivity among radiology staff regarding the
environmental impact topic. Further surveys, including
international ones, would be desirable to gain a broader
understanding of the perception of the theme of energy
sustainability. However, there is already significant
potential to reduce the carbon footprint of radiology



Roletto et al. European Radiology Experimental (2024) 8:35

services by minimizing travel, both for work and training
in radiology.

Quality appraisal

QualSyst total score ranged from 50.0 [29] to 100.0% [14,
25-27] (median 90%, interquartile range 80-95%) with
14/16 (87.5%) articles [13, 14, 18, 23-28, 30, 32—35] over
or equal to the 80% of high-quality level. The included
studies performed poorly on the quality of data collec-
tion and analysis and on the use of verification measures
in sufficient detail. Table 2 represents the full results of
QualSyst quality assessment of included publications.

Discussion

This systematic review provides a comprehensive over-
view of various studies that explore crucial aspects such
as energy consumption patterns, carbon footprint, and
sustainable initiatives implemented within radiology
departments in diverse countries. The key outcomes from
these studies collectively illuminate the current state of
environmental practices in radiology departments and
may contribute valuable insights to explore and promote
eco-friendly approaches in the field.

One prominent finding was the high-energy consump-
tion associated with medical devices installed in radi-
ology departments. The studies highlighted the need
for optimizing device usage and reducing idle periods
to address the nonproductive energy consumption,
which accounted for a substantial portion of the overall
energy usage. This nonproductive energy consumption
accounted for a valuable proportion of the overall energy
usage, ranging from 40 to 91% in the studies [13, 14,
25-27, 34, 35]. Studies taking into consideration shutting
down MRI and CT units during idle periods [14, 25-27,
30-32, 34] have shown that it is possible to make radi-
ology departments more energy efficient, showing sig-
nificant benefits in terms of environmental sustainability,
with energy savings ranging from 14,180 to 171,000 kWh
per year and annual cost savings ranging from US $9,225
to 14,328 per device. The energy consumption of the
reporting workstations is also not negligible and can be
achieved through simple changes in device configuration,
enabling for example automatic shutdown after long peri-
ods of inactivity [13, 18, 33, 35]. Other aspects reported
by Woolen et al. [36] include strategies for reducing con-
sumables, waste, heating and cooling equipment, and
emissions from equipment disposal and replacement.

Additionally, four studies highlighted the importance
of considering the overall life-cycle energy consump-
tion of diagnostic units [27, 30-32]. This includes not
only the energy consumed during their operational
phases but also the energy expended during the manu-
facturing, transportation, and disposal stages, providing
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insights into potential areas for improvement. An unex-
plored topic in environmental impact in the life cycle of
radiological equipment concerns their obsolescence and
renewal [37, 38], in which the need for planned equip-
ment renewal is stated to avoid failures and delays in
diagnosis and patient care. Radiology devices are com-
posed of plastics, metals, and rare-earth elements that, if
not properly disposed of, can cause environmental pollu-
tion [37].

Another result was the growing concern among radi-
ology staff regarding the climate change. Survey-based
studies revealed a high level of awareness and a willing-
ness to engage in sustainable practices. The findings high-
lighted the importance of promoting environmentally
conscious behaviors, such as reducing travel, implement-
ing energy-saving measures, and embracing telecon-
ferencing and distance learning options [23, 24]. These
actions not only contribute to carbon footprint reduc-
tion but also align with the broader sustainability goals
of healthcare systems. For the future, there is a need to
foster and promote the environmental culture even more
in radiological staff healthcare workers.

The dissemination of training courses, learning groups,
teleconferencing, and remote consultations must be pro-
moted and implemented within radiology services. The
goal must be to reduce the ~1.85 tons of CO,, calculated
by Peters et al. [23], caused by the travel of radiology
staff for work and training. While online participation in
health conferences or training courses may present chal-
lenges related to the perceived quality of education by
learners and potential disparities in user experience due
to factors such as Internet bandwidth and real-time or
synchronous delivery, a thorough evaluation of the pros
and cons is imperative for both environmental sustain-
ability and the quality of ongoing education. However,
findings by Vaona et al. [39] suggest that, when com-
pared to traditional learning, e-learning may have little or
no impact on patient outcomes or health professionals’
behaviors, skills, or knowledge. While e-learning could
be more effective in specific medical education settings,
overarching claims of its inherent superiority over tradi-
tional learning may be misleading.

Two studies [14, 29] highlighted the importance of
informatics tools for analyzing workflow and energy
consumption. These tools offer valuable data to inform
energy reduction strategies and optimize scan proto-
cols, leading to more energy-efficient practices in radi-
ology departments. In addition, these tools allow to
reduce energy consumption considering an organiza-
tional approach (e.g., turning off equipment when there
is no work activity) without evaluating an engineering
approach, which has been used in other published work
in the healthcare field [4, 5].
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On the topic of carbon emissions, there is limited
analysis of the total data. No specific article identifies the
type of carbon emission according to the GHG Protocol
Corporate Standard [8]. When discussing space heating
or cooling, vehicle travel by healthcare professionals is
considered within the Scope 1 category of direct GHG
emissions. On the other hand, emissions from energy
consumption or the production of equipment fall under
Scope 2 and Scope 3, representing electricity or other
indirect GHG emissions.

Proper classification of emissions in the radiology area
is important because in some cases a diagnostic activ-
ity does not always necessarily correspond to a carbon
emission. For example, if the energy used to operate CT
and MRI scanners was derived from production through
photovoltaic panels, the carbon emissions would be close
to zero.

The other side of the coin on the topic of sustainability
in radiology concerns the effective management of waste
generated during clinical activities [17]. These wastes can
result in significant carbon emissions and financial bur-
dens for radiology departments [40]. For example, residual
and unwanted effects of iodinated and gadolinium-based
contrast agents are often disposed of in wastewater sys-
tems or clinical waste streams, contributing to increased
environmental pollution. However, there are virtuous
examples where these contrast agents are collected and
recovered, as demonstrated by initiatives such as the
GREENWATER study [41] and other experiences [40, 42].
This study aims to assess the actual amounts of iodinated
and gadolinium-based contrast agents recoverable from
patient urine collected after CT and MRI examinations.

Different reviews on the topic of energy conservation
in diagnostic radiology can be found in the literature, but
none of them presents a systematic approach [10, 36, 43].
In the field of interventional radiology [19, 44], where stud-
ies related to environmental sustainability in the operating
room were also considered, the same issues of equipment
energy consumption, carbon footprint associated with
medical activities, and staff awareness in environmental
sustainability were identified. Waste generation and recy-
cling of material used during interventional procedures
were also added to these topics. Both, although not iden-
tified in the selected articles in our literature review, could
also be associated with diagnostic radiology activities.
Shum et al. [19] concluded that there is a need to discuss
environmental awareness in their day-to-day conversation
and actively contribute to the global green movement by
delivering practical actions to clinical practice. In the litera-
ture review related to environmental sustainability in radia-
tion oncology [20], the recurring themes are always carbon
footprint and electricity consumption, thus demonstrating
how these two themes are the most frequent throughout
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the literature related to the macro area of radiology. Bloom
et al. [20] identify that there are several gaps in the litera-
ture which were identified including comparison of various
treatment modalities such as single versus multifraction
treatment and photon versus proton versus carbon therapy
energy requirements.

Study limitations

Despite the valuable insights provided by the included
studies, this systematic review has some limitations that
should be taken into consideration. Firstly, the scope of this
review is limited to the studies available within the selected
timeframe and databases. Although efforts were made
to include a wide range of articles, it is possible that some
relevant studies were inadvertently excluded, even consid-
ering those publications that are not published in English
language. Secondly, the generalizability of the findings of
the included studies may be limited due to the variability
in study designs, settings, and geographic locations. The
included studies were conducted in different countries,
with variations in healthcare systems, infrastructure, and
energy sources. These contextual factors can influence
energy consumption patterns and sustainability practices
in radiology departments, making it challenging to draw
universal conclusions. Furthermore, the heterogeneity
of the data collected across studies poses a challenge for
direct comparisons and synthesis. Variations in the unit
of measurement, data collection methods, and outcome
reporting may impact the precision and consistency of the
results. The differences in measurement units (e.g., kWh,
kg CO,-eq, US dollar per kWh) and data collection meth-
ods (e.g., real-time metered electricity consumption, survey
responses) may introduce some degree of uncertainty and
make it challenging to directly compare the findings. It is
also important to acknowledge the potential presence of
publication bias in systematic reviews. Studies with statis-
tically significant or positive results are more likely to be
published, while studies with null or negative findings may
be underrepresented [45]. This bias may affect the overall
conclusions drawn from the included studies. Lastly, the
review relies on the quality and rigor of the included stud-
ies. While efforts were made to ensure the inclusion of
high-quality studies, variations in study design, sample size,
and methodology may influence the reliability and validity
of the findings. Through the QualSyst tool, the overall qual-
ity can be considered as satisfactory, with a median article
quality equal to 90% (interquartile range 80—95%).

Conclusions

In conclusion, this systematic review emphasizes the
importance of environmental sustainability in radiol-
ogy departments and the potential for energy savings,
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carbon footprint reduction, and cost optimization
through sustainable actions like the following:

+ Turning off devices during idle period helps to save
energy and consequently reduce emissions and
costs.

+ Implementing power management informatic
systems that automatically turn off or reduce the
power consumption of idle equipment when not in
use

+ Investing in teleradiology and promoting remote col-
laboration and consultations can lead to lower car-
bon emissions.

« Favoring the most energy-efficient diagnostic tech-
nique and energy-efficient imaging devices in rela-
tion to the clinical question, without compromising
the quality of service.

+ Educating radiological staft regarding energy-saving
practices and sustainability goals.

The findings provide valuable insights for healthcare
providers, policymakers, and researchers to develop
strategies and initiatives aimed at promoting environ-
mental sustainability in radiology practice. By imple-
menting these measures, radiology departments can
contribute to a greener and more sustainable health-
care system, aligning with global sustainability goals
and ensuring the well-being of both patients and the
planet. In the future, it will be necessary to prospec-
tively evaluate the introduction of sustainable actions in
entire radiology departments, considering the life cycles
of radiology equipment with a focus on the costs and
environmental impact of aging and refurbishing units.
In the next future, a radiology department could also be
evaluated for its quantified level of environmental sus-
tainability, opening a virtuous competition among hos-
pitals and centers.
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