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The health care sector is a resource-intensive industry, consuming significant amounts of water and energy, and producing a multitude of
waste. Health care providers are increasingly implementing strategies to reduce energy use and waste. Little is currently known about
existing sustainability strategies and how they may be supported by radiology practices. Here, we review concepts and ideas that mini-
mize energy use and waste, and that can be supported or implemented by radiologists.
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BACKGROUND
R educe. Reuse. Recycle. This popular slogan was
coined in the 1970s as a call to action to save the
environment. The 3R’s of waste management sim-

ply indicate to cut back on the amount of trash that is gener-
ated (reduce), use things again rather than throwing them
away (reuse), and make something new from something that
was thrown away (recycle). Examples include using durable
bags instead of plastic bags for shopping (reduce), donating
worn clothing or furniture for others to use (reuse), and sepa-
rately collecting paper and cardboard that can be made into
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new paper and carton products (recycle) (1). Recently, radi-
ologists and healthcare organizations are exploring how these
principles can be adopted to make imaging services more
sustainable.

The U.S. Environmental Protection Agency (EPA) has
passed numerous regulations targeting clean water, clean air,
and toxic waste. Certain industries are required to report lev-
els of toxins that are released and are being held accountable
for cleaning up toxic waste sites (2). It has been argued that
environmental regulations impose undue cost burden on
businesses decreasing their competitiveness in the market.
However, reduced illness and death, improved air and water
quality, health benefits to workers, and innovation spurred
by environmental regulations could result in economic bene-
fits that can offset costs (2).

The health care sector is a resource-intensive industry,
consuming significant amounts of water and energy, and pro-
ducing a multitude of waste in various waste categories,
including regulated medical waste. It was estimated that in
2007 total effects of U.S. healthcare system greenhouse gas
(GHG) emissions constituted 8% of total U.S. GHG (3). The
largest contributing factors to GHG emissions were hospital
care, physician and clinical services, and prescription drugs
(4). Emissions stem mostly from energy intensive functions in
hospitals, such as heating, ventilation, air conditioning
(HVAC), food services, laundry, computing, and running
equipment (5,6). The Healthcare Environmental Resource
Center (HERC) provides comprehensive resources address-
ing all varieties of hospital waste and any rules and regulations
pertaining to them (7). In addition, HERC shares informa-
tion on successful greening initiatives (7).

Here, we identify opportunities for decreasing resource
consumption and optimizing waste management in radiology
and propose actions that can be implemented at the system,
radiology department, and the individual level.
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CURRENT APPROACH

Awareness of opportunities for greening radiology is rising
(8). Four goals for greening radiology have been proposed:
(1) decreasing energy and water usage, (2) using biodegrad-
able materials, (3) decreasing waste, and (4) recycling and/or
proper disposal of waste (8). A key initial strategy is raising
awareness.
Decreasing Energy Use

Many systems within Radiology run continuously. Limiting
the environmental impact of this energy usage not only
requires initial investment by healthcare facilities, but also
interfacing with multiple stakeholders or departments
throughout the facility, such as engineering, information
technology, environmental services, food services, purchas-
ing, human resources and more.
Engineering
Over the course of a year, 4 MRI scanners and 3 CT scanners
use enough electricity to power a town in Switzerland of 852
people (9). The engineering of sustainable medical imaging
devices is driven in part by the need for solutions in develop-
ing countries (10), and nowadays there are professional
degrees in Sustainable Engineering that reflect a paradigm
shift for this profession from “control of nature to participa-
tion with nature” (11).
Radiologists can foster sustainable engineering by collabo-

rating with vendors to create sustainability strategies: Arizona
State University recently installed a 9.4 Tesla MRI scanner
that is cryogen-free (12), thus eliminating the use of the cryo-
genic liquid helium as a non-renewable resource and requir-
ing less hospital space. Interestingly, advanced imaging
technologies may also consume more energy; i.e., a 3T MRI
unit consumes more energy than a 1.5T unit, and a 256-slice
CT unit consumes more than a 64-slice unit (9). This empha-
sizes the need for collaboration in developing technology that
advances clinical care while reducing rather than increasing
the environmental footprint.
Larger enterprise-wide Green Radiology initiatives may be

possible via academic-industry partnerships, such as a current
partnership at the University of California San Francisco (13).
This partnership is monitoring imaging device energy con-
sumption to produce eco-friendly imaging states and enable
carbon-neutral imaging services. This partnership also
explores applications for low-field strength (0.55T) MRI
imaging, which offers advantages for access to care and the
environment due to being nearly liquid helium free and easier
siting in more rural locations.
Knowledge gathered from life cycle inventories for MRI

imaging has raised the question of whether the American
College of Radiology Appropriateness Criteria should
include a sustainability rating to promote imaging procedures
with a lower environmental footprint when multiple modali-
ties might be equally appropriate (14).
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Shutting Off Monitors
Reducing energy consumption by reading workstation mon-
itors can have a major impact on the energy consumption
footprint in radiology (15-20). Two to four reading worksta-
tions consume the same energy as an average family house-
hold in Switzerland annually (15). The reading station has
traditionally been overlooked as a source of high energy usage
but turning off the monitors when not in use can be very
effective (15,21).

Eliminating the stand-by mode and having workstations
shut down after 1 hour of inactivity resulted in a nearly 50%
energy consumption reduction (16).In radiology, approxi-
mately 84,000 kilowatt-hours (kWh) per year in energy usage
could be saved if all workstations were shut down after the
normal workday (16). For reference, the average U.S. resi-
dential utility customer consumed 10,715 kWh in 2020 (22).
Inactive stand-by mode for workstations also leads to excess
heat production which may cause excess HVAC usage to
maintain operating temperatures, further increasing energy
use. Currently, information technology (IT) updates that are
routinely pushed to workstations during stand-by times may
necessitate leaving computers on throughout the day and
night and would need to be addressed.
Lighting
Using highly efficient lighting, including lighting control sys-
tems and energy efficient bulbs, can create annual energy sav-
ings of 0.12 kWh/m2 in hospitals with a payback period of
less than 2.2 years (23).

Many areas within a radiology department may be unused
for portions of the day, such as exam rooms, office spaces, or
meeting spaces. The most common lighting control methods
include daylight sensor and motion sensor devices (24). Day-
light sensors turn on lighting systems in response to the lack
of natural light. Motion sensor technology turns on lights in
response to occupant motion. Depending upon sensor loca-
tion, passive occupancy (relative absence of motion) can result
in the lights turning off inappropriately. Newer commercially
available control methods combine each of these methods
with ultrasonic technology which detects whether a person is
still in the room. The use of lighting control devices could
yield a 7% reduction in energy consumption (25).

Using energy efficient bulbs can also reduce the energy
consumption for hospitals and radiology departments. Tradi-
tional incandescent bulbs remain widely used due to relative
low cost, dimmability, and because they light up instantly.
Fluorescent bulbs can generate the same illumination with a
much longer lifespan of 7000-24,000 hours compared with
750-2400 hours for incandescent bulbs, all the while utilizing
25%-35% less energy than incandescent bulbs.

More recently, light emitting diode (LED) lights are
becoming widely available and offer approximately 75% less
energy compared with traditional incandescent bulbs. One of
the perceived shortcomings of LED lighting is correlated
color temperature (CCT) referring to the color of the source
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light when viewed directly. Various LED light colors (wave-
lengths of royal blue, green, amber, and red) can be com-
bined to mimic the “warmer” light of traditional
incandescent bulbs that is desired in clinical practice (26).
Climate Control
Heating, ventilation, and air conditioning (HVAC) uses tech-
nology to control air temperature and air purity within an
enclosed space. Hospital HVAC systems generate the highest
consumption of energy (65%) and C02 emissions (47%) (27,28).

Most diagnostic radiology equipment must
be maintained at a consistent temperature controlled by
HVAC, and the energy consumption of dedicated cooling
systems comprise nearly 50% of the total energy needed; the
largest share of energy consumption, approximately two-
thirds, takes place during the nonproductive idle system state
(9). In interventional radiology, as much as 57% of HVAC
energy is used outside scheduled working hours when few
procedures are performed and rooms are typically unoccu-
pied (29). HVAC systems could be modified to operate
between a wider range of temperatures outside scheduled
working hours to save energy (29).

With regards to air quality, it is estimated that air condi-
tioning growth alone will add approximately 132 to 167 GT
of CO2 emissions through 2050, leading to 25%-50% of the
remaining calculated carbon budget and exceeding the
remaining budget projected through 2100, potentially derail-
ing the Paris Agreement goal (30). Interventional radiology
generated approximately 23,500 kg CO2 during an audit of
98 procedures (mean 243 kg CO2/procedure), which is
equivalent to the carbon sequestered by 29 acres of U.S. for-
ests in one year or CO2 emissions from charging 3 million
smartphones (29).

Modern HVAC systems control the indoor environment
by detecting and responding to parameters such as air temper-
ature, CO2 concentration, humidity, and air flow rate and
adjusting its function to an optimal value. Systems that only
use one parameter consume excessive energy and do not
achieve optimal air temperature or quality. Adaptive variable
air control systems, with a feedback control system to adjust
to a changing environment, consume less energy. With
COVID-19, it has become important not to recirculate air or
to maximize the outdoor-air level (31).

“Integrative design” is a holistic approach to building
energy-using systems that can allow substantial improvements
in efficiency by shrinking or optimizing HVAC equipment.
There is evidence of the environmental and economic impact
of replacing low-performing HVAC with new and high-per-
forming HVAC. In addition, building design, including natural
ventilation, efficient thermal insulation, and adequate sizing of
space, are key (23). Benchmarking the energy efficiency of
buildings is important for optimizing energy use and reducing
the carbon footprint. In healthcare, difficulty of collecting
energy data from many healthcare facilities has made it chal-
lenging to develop an appropriate benchmarking system (32).
530
Descargado para Anonymous User (n/a) en National Library of Health and

uso personal exclusivamente. No se permiten otros usos sin autorizaci
Decreasing Waste

Going Paperless
While the cost of purchasing paper is low, the cost of managing
paper (storing, copying, printing, disposing, etc.) can be up to
31 times higher (33). Replacement of paper medical records
with electronic health records (EHR) in the U.S has yielded a
financial 5-year net benefit of $86,000 per primary care pro-
vider, with the majority of the savings related to lower drug
expenses, decreased billing errors, better capture of practice
charges, and improved use of radiology studies (34). It is con-
ceivable that part of such savings comes from reduced cost
related to paper record management, although there are no
studies that have specifically evaluated this aspect.

Despite the widespread implementation of EHR systems,
many medical centers continue to have difficulty with mov-
ing completely away from using paper. Many reasons for
continued paper use exist, such as long-term familiarity with
paper or simply valuing the palpable presence of paper “to
have the information on paper where I can hold onto it”
(35). Persistent paper use is very prevalent in medical billing,
even though 86% of healthcare consumers pay recurring bills
online (36).

Many physicians, including radiologists, may need to take
notes during the workday. Interestingly, paper notebooks
outperform digital tablets in most environmental impact cate-
gories. Tablets produced more health-related impacts and
ecotoxicity while the notebook produced more land-related
impacts and ozone depletion (37). The key ecotoxicity factor
lies with the number of pages of paper used, so using small
sticky notes or re-using special notepads with erasable pens
could be impactful. Digital note taking apps that run on a
workstation desktop would both avoid paper use and obviate
the need to purchase separate digital note taking devices.
Additional opportunities for saving paper in radiology include
purchasing digital textbooks or used books and reading scien-
tific journals online.
Food
The environmental impact from food services is related to pro-
duction/procurement, distribution, preparation, consumption,
or waste management/disposal (38). The environmental impact
that has been most widely explored is food waste (38). Among
the strategies to reduce food waste in healthcare is the Room
Service model. Unlike the traditional model that offers patients
little to no choice with regards to the type of food they want to
eat and when they want to eat it, the room service model allows
patients to order meals a la carte anytime between 06:30 and
19:00 by calling a central call center (39). This system reduces
the number of food items remaining on a plate after a meal
from 30% to 17%, reduces food costs by 28% per annum, while
increasing patient satisfaction (39). A similar concept could be
applied to cafeteria food, where customers choose their own
amount to eat and pay accordingly. Encouraging staff to use
washable and reusable personal cutleries and plates can also be
helpful (8).
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Purchasing
An organizations’ purchasing decisions can have considerable
adverse social and environmental impacts. Green Purchasing
or Environmentally Preferable Purchasing (EPP) are terms
used for purchasing products with reduced impact on human
health and the environment when compared to other prod-
ucts of the same functionality. Incorporating EPP as a pur-
chasing strategy involves raw materials acquisition,
production, fabrication, manufacturing, packaging, distribu-
tion, reuse, operation, maintenance, and disposal of the prod-
uct. It also includes using recyclable products, recycled
materials, reusable products, and products that conserve
energy or natural resources. Evaluation of these factors is sim-
ple when an environmental product declaration (EPD) is
available, which transparently communicates the environ-
mental impact of a product over its lifetime, akin to nutrition
labels on food (40).The National Association of State Pro-
curement Officials (NASPO) has released a comprehensive
green purchasing guideline, which could be considered and
incorporated into policies and decision making at health care
institutions (41).Key purchasing strategies include sourcing
materials locally to decrease transportation, buying supplies
from energy efficient companies, reuse, and consider integrat-
ing biodegradable materials when possible.
Reusing
All industries, including healthcare, will need to transition
from a linear to a circular economy to meet climate goals. In
a linear economy the smallest stopcock and the largest imag-
ing equipment all are designed to be single use, to be disposed
of at the end of their life cycle. The life cycle inventory is a
tool for quantifying the environmental impact from equip-
ment. For example, a life cycle inventory for an MRI scanner
would include raw materials required to build the MRI scan-
ner, resources consumed to install and use the device, dispos-
ing of materials at the end of life, and carbon emissions linked
to transportation (42).
In a circular economy medical equipment would need to

be designed and manufactured as modular, upgradeable and
recyclable. Studies comparing single-use versus reusable
equipment reveal that single-use disposable products typically
result in several-fold higher petrochemical use and global
GHG emissions (43-45).
It appears to make sense that donating unused radiology

equipment to recipients who could not otherwise afford such
equipment would meet the sustainability criteria of “reusing.”
However, such donations could quickly turn into waste if
disadvantages outweigh cost savings for recipients (46). For
example, equipment donations are not cost effective if the
recipient may be unable to absorb the technology (skilled
operators, ancillary equipment, maintenance capability) or
the equipment may become obsolete within 2 years (unavail-
able maintenance part or maintenance services) (46,47)] The
World Health Organization (WHO) issued guidelines for
donating equipment to developing countries that seek to
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improve donation utilization by recipients (47). Summarized,
WHO promotes four principles for medical equipment dona-
tions: (1) Donations should have maximal recipient benefit,
(2) donations should be given with due respect for the wishes
and authority of the recipient and conform to local govern-
ment policies, (3) donations should have no quality double
standard, and (4) donors and recipients should engage in
effective communication throughout the donation process
(47). However, an analysis of medicine and medical device
donations has shown that most donations did not comply
with the WHO guidelines and none of the donation reports
provided enough information to completely assess the dona-
tion compliance with the guidelines (48). Developing equip-
ment with the specific conditions of a low-resource
environment in mind, such as equipment with lower power
requirements or adoption of cloud PACS, may be more sus-
tainable than equipment donations (49).

Reusable surgical gowns are FDA-approved for seventy-five
reuse cycles and may be an option in some radiology areas. Sin-
gle-use gowns can generate up to sevenfold more solid waste
and double the amount of global GHG emissions compared
with reusable gowns (50). Reusable medical gowns that can be
industrially laundered outperform disposable gowns in terms of
protection, durability and sustainability and thus could be con-
sidered for use throughout radiology departments (51). In
another example, the University of Vermont recycles all blue
plastic surgical drapes, transfers them to the University’s process-
ing site where they are made into plastic pellets which are
molded into plastic products such as bed pans (52). There may
be opportunities for refilling materials, such as hand sanitizer.
Large Radiology departments and Healthcare Systems that are
committed to sustainability can leverage their purchasing power
to transform the healthcare economy from a single use linear
one to a multi-use circular economy.
Event Hosting
Medical events should have a smaller carbon footprint (53).
The largest radiology conference hosted by the Radiology
Society of North American (RSNA) generates 43,557 US
tons of travel-related CO2-equivalent emissions (54). For ref-
erence, this equals the average annual carbon footprint of
1308 US households [Feng 2021]. Holding events virtually
could have a significant environmental impact (53). At a
much smaller scale, this may also be true for local meetings
that may require local travel, such as clinical and trainee con-
ferences, departmental/practice meetings, retreats, etc. (53).
Additionally, a checklist for hosting eco-friendly meetings
also suggests raising awareness for sustainable and carbon-
neutral events among attendees, reduce meat and dairy prod-
ucts to reduce carbon emissions, and use smaller plates to
minimize food waste, avoid disposable materials and ask
attendees to bring their own cups, plates, and cutlery, and
provide waste sorting bins (53). Radiology residency and fel-
lowship interview travel results in airplane and car emissions,
potentially significantly reduced with virtual interviews (and
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with significant cost savings for all involved) (29,54). A com-
parison of in-person versus virtual interviews for fellows iden-
tified shortfalls of the virtual format with regards to conveying
the program’s culture and more subjective aspects of the pro-
gram (55). Evaluating the effectiveness of virtual meetings
and interviews could inform future mixed approaches or
refinements to the virtual process.

Attendees of the Radiology Society of North American
(RSNA) annual meeting just over 40% of the attendees’ CO2-
equivalent emissions totaled 39,506,038 kg with a calculated
CO2 offset cost of $474,072 USD (56). More than 90% of the
S&P 500 companies publish sustainability reports, perhaps we
can do the same in healthcare and/or radiology (57).
Figure 1. SortingWaste for Recycling. Trash can in the radiology read-
ing room encouraging separation of waste with clear instructions on
what and what not to recycle. (Color version of figure is available online.)
Teleradiology
Fueled by the COVID-19 pandemic experience, there is
increasing demand for teleradiology and hybrid practice posi-
tions, which have the potential to decrease pollution and
energy use related to transportation.
Packaging
Disposable surgical waste contributes significantly to the
GHG generation from an IR department. The GHG genera-
tion from disposable medical supplies can be reduced by rede-
signing packaging, sorting disposable waste, and optimizing
supply sourcing (29,58-61). In fact, a study determined that
waste from packaging that is non-essential to the function of
a medical device constitutes around 55% of the total weight
of medical supplies waste, and approximately 76% of this
waste is potentially recyclable, but only a small portion of it
is, in fact, recycled (59). Radiologists can advocate for rede-
signing packaging to reduce the number of packaging layers.
In addition, paper instructions can be replaced by digital ver-
sions (60�62).
Anesthesia Gas
Gas anesthetics are a big contributor to GHG generation in most
surgical; however, this is less true for IR as the majority of IR
procedures are performed under moderate sedation (29,63).
Nonetheless, when general anesthesia is utilized low-impact gas-
ses and the use of low fresh gas flow technique during the main-
tenance phase of the anesthesia can be advocated for (64).
Biodegradable Items
Examples of replacing single-use items with biodegradable
products include drinking cups made of cornstarch (8).
Recycling and/or Proper Disposal of Waste

Waste Segregation
During a radiology interventional procedure, waste is com-
monly disposed of as either solid waste or regulated medical
waste. Regulated medical waste requires additional energy
intensive treatment prior to final disposal (65). Proper
532
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segregation strategies can therefore improve the GHG foot-
print both by increasing the percentage of packaging which is
recycled and by reducing the volumes of regulated medical
waste (66). Prime targets for optimizing the segregation of
waste are when the technologist sets up the room before the
procedure starts, during the procedure, and after the procedure
(67). Before the interventional procedure, none of the waste
generated is regulated medical waste and should be sorted into
recyclable and solid waste. This pre-procedural waste can be
disposed of in a separate solid medical waste container which
can be lined by a clean bag and labeled for easy distinction.
During the interventional procedure, with appropriate training
and team education, waste segregation can be done as the pro-
cedure goes on by keeping solid waste disposal and regulated
medical waste containers that are easily identified and appropri-
ately labeled. Similarly, after the procedure, unsoiled and
unused items can be identified to again allow for separation
into regulated medical waste, solid waste, and recyclables. Sim-
ilarly, waste can be segregated in other radiology areas (Fig 1).
Waste Transportation
Medical supplies are often transported as individually boxed
items across international borders and state lines to different
hospitals, which significantly contribute to the overall GHG
production (29)]. An effort should be made to use supplies
that are produced locally or in nearby regions so that multiple
products can be transported in a single package to reduce the
environmental effect of transportation (68). Just-In-Time
(JIT) purchasing has been shown to reduce waste (69).
Raising Awareness

Increasing awareness of the effects of climate change can
cause feelings of hopelessness and cynicism among staff. This
represents an opportunity to motivate individuals and work
systems to take meaningful actions.
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As a first step, it is important to help staff understand how
climate change will and does adversely affect individual and
population health through degradation of the social determi-
nants of health, such as clean air, safe water, safe and adequate
food and housing. According to the WHO, the direct costs
to health is estimated to be between USD 2-4 billion/year by
2030, with 250, 000 anticipated additional deaths per year,
from malnutrition, malaria, diarrhea and heat stress (70).
To raise awareness, impactful campaigns may be initiated by

national radiology organizations, similar to the “Image Wisely”
(71) or “Image Gently” (72) campaigns, where radiologists can
pledge to their commitment to “Image Greenly” (Fig 2) and
access educational resources. Perhaps a goal of carbon neutrality
may be aided by organizations like the American College of
Radiology having a “green” accreditation. Additionally, Hospi-
tal and Radiology department campaigns could include a
focused journal club, inviting speakers, and task forces to identify
and realize greening opportunities. Individual staff members may
share information on public transportation options or ride shares,
encouraging green behaviors such as re-using cups.
Effective engagement of all members of the radiology

practice is of utmost importance to greening radiology. A
strategy to foster positive individual and organizational
behavior includes focusing and investing in employee well-
being (72). In the concept of Healthy and Resilient Organi-
zations (HERO), healthy practices in an organization are
associated with higher teamwork engagement and higher lev-
els of trust (73). Three easy steps to follow are: (1) encourag-
ing people to break the old habits, (2) developing new habits
(incentives help), and (3) repeated response processes natu-
rally become a new attitude (74).
Inspired by the sustainability slogan, “Small actions can

make a big difference,” individuals can make simple contri-
butions in day-to-day life toward a greener world (75). After
Figure 2. Image Greenly Logo. The AUR-RRA Greening Radiology Task
Force vetted the idea of a “Image Greenly” campaign, to add to existing
“Image Wisely” and “Image Gently” campaigns. The artwork was created
by Emory HealthcareMarketing. (Color version of figure is available online.)

Descargado para Anonymous User (n/a) en National Library of Health and So
uso personal exclusivamente. No se permiten otros usos sin autorización
all, it is eventually up to the individual user to remember to
power-down any computer or workstations that are not
being used and to switch off lights in rooms that are unoccu-
pied, such as staff offices, meeting spaces, bathrooms, utility
rooms, breakrooms, etc.
CONCLUSION

Radiologists and healthcare organizations have many oppor-
tunities to make smaller and larger contributions towards a
greener environment. The most impactful actions that can be
taken fall under the auspice of operational leadership within
radiology practices. Leadership and advocacy from radiolog-
ists are most important to raise awareness of greening oppor-
tunities in radiology and to implement and report on
successful greening radiology initiatives.
AUTHOR CONTRIBUTIONS
ci
. C
C

al Security de 
opyright ©20
onception
and
design, or
acquisition
of data, or
analysis
and inter-
pretation
of data

D

ClinicalKey.es po
23. Elsevier Inc. 
rafting the
article or
revising it
critically
for impor-
tant intel-
lectual
content

fi

r Elsevier en ma
Todos los derech
nal
approval of
the version
to be
published

A

rzo 08, 2023. Par
os reservados.
greement to
be account-
able for all
aspects of
the work in
ensuring that
questions
related to
the accuracy
or integrity
of any part of
the work are
appropri-
ately investi-
gated and
resolved
Sumner X
 X
 X
 X

Ikuta X
 X
 X
 X

Garg X
 X
 X
 X

Martin X
 X
 X
 X

Mansoori X
 X
 X
 X

Chalian X
 X
 X
 X

Englander X
 X
 X
 X

Chertoff
 X
 X
 X

Woolen
 X
 X
 X

Caplind X
 X
 X
 X

Sneider X

DesouchesX
 X
 X
 X

Chan
 X
 X
 X

Kadom X
 X
 X
 X
REFERENCES

1. Environmental Protection Agency (EPA). Reduce, Reuse, Recycle. Avail-
able at: https://www.epa.gov/recycle. Accessed November 8, 2021

2. Gray WB (2015). Environmental regulations and business decisions. IZA
World of Labor. 2015 Sep 1. Available at: https://wol.iza.org/articles/
533
a 

https://www.epa.gov/recycle
https://wol.iza.org/articles/environmental-regulations-and-business-decisions/long


SUMNER ET AL Academic Radiology, Vol 30, No 3, March 2023
environmental-regulations-and-business-decisions/long. Accessed
November 8, 2021

3. Chung JW, Meltzer DO. Estimate of the Carbon Footprint of the US
Health Care Sector. JAMA 2009; 302(18):1970–1972. doi:10.1001/
jama.2009.1610.

4. Eckelman MJ, Sherman J. Environmental impacts of the U.S. health care
system and effects on public health. PLoS One 2016; 11(6). doi:10.1371/
journal.pone.0157014.

5. Keller RL, Muir K, Roth F, et al. From bandages to buildings: identifying
the environmental hotspots of hospitals. J Cleaner Prod 2021;
319:128479.

6. Energy Information Administration. 2012 Commercial buildings energy
consumption survey: energy usage summary. Available at: www.eia.gov/
consumption/commercial/reports/2012/energyusage. Accessed:
December 29, 2021

T a g ge d P 7. Healthcare Environmental Resource Center. Available at: https://www.
globenewswire.com/news-release/2021/11/16/2335435/0/en/92-of-S-
P-500-Companies-and-70-of-Russell- 1000-Companies-Published-Sus
tainability-Reports-in-2020-G-A-Institute-Research-Shows.html.
Accessed: December 29, 2021.

8. Chawla A, Chinchure D, Marchinkow LO, et al. Greening the radiology
department: not a big mountain to climb. Can Assoc Radiol J 2017; 68
(3):234–236. doi:10.1016/j.carj.2016.10.009.

9. Heye T, Knoerl R, Wehrle T, et al. The energy consumption of radiology:
energy- and cost-saving opportunities for CT and MRI operation. Radiol-
ogy 2020; 295(3):593–605. doi:10.1148/radiol.2020192084. JunEpub
2020 Mar 24. PMID: 32208096.

10. Obungoloch J, Harper JR, Consevage S, et al. Design of a sustainable
prepolarizing magnetic resonance imaging system for infant hydroceph-
alus. MAGMA 2018; 31(5):665–676. doi:10.1007/s10334-018-0683-y.
OctEpub 2018 Apr 11. PMID: 29644479; PMCID: PMC6135672.

11. Qureshi AS, Nawab A. The role of engineers in sustainable development.
In Proceedings of the Symposium on Role of Engineers in Economic
Development and Policy Formulation, Lahore, Pakistan 2013 (105-114).

12. Welling RD, Azene EM, Kalia V, et al. White paper report of the 2010
RAD-AID conference on international radiology for developing countries:
identifying sustainable strategies for imaging services in the developing
world. J Am Coll Radiol 2011; 8(8):556–562. doi:10.1016/j.
jacr.2011.01.011. AugPMID21807349PMCIDPMC4337872.

13. Murphy H (2022). Arizona State University home to new 9.4T cryogen-
free MRI system. Available at: https://www.healthimaging.com/topics/
magnetic-resonance-imaging/arizona-state-university-94t-cryogen-
free-mri. Accessed: February 20, 2022

14. Berthold J (2021). Siemens healthineers and UCSF create first carbon-
neutral radiology imaging service. Available at: https://www.ucsf.edu/
news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-car-
bon-neutral-radiology-imaging#:»:text=Siemens%20Healthineers%
20and%20UCSF%20Create%20First%20Carbon%2DNeutral% 20Radi-
ology%20Imaging%20Service,-New%20Agreement%20Focuses &text=-
Siemens%20Healthineers%20and%20UC%20San,radiological%
20imaging%20in%20Northern%20California. Accessed: February 20,
2022

15. Hainc N, Brantner P, Zaehringer C, et al. Green fingerprint" project: eval-
uation of the power consumption of reporting stations in a radiology
department. Acad Radiol 2020; 27(11):1594–1600. doi:10.1016/j.
acra.2019.11.011. NovEpub 2019 Dec 13. PMID: 31843389.

16. Prasanna PM, Siegel E, Kunce A. Greening radiology. J Am Coll Radiol
2011; 8(11):780–784. doi:10.1016/j.jacr.2011.07.017. NovPMID:
22051462.

17. B€uttner L, Posch H, Auer TA, et al. Switching off for future-Cost estimate
and a simple approach to improving the ecological footprint of radiologi-
cal departments. Eur J Radiol Open 2020; 8:100320doi:10.1016/j.
ejro.2020.100320. PMID: 33457469; PMCID: PMC7797527.

18. McCarthy CJ, Gerstenmaier JF, O’ Neill AC, et al. EcoRadiology"�pulling
the plug on wasted energy in the radiology department. Acad Radiol
2014; 21(12):1563–1566. doi:10.1016/j.acra.2014.07.010. DecEpub 2014
Aug 27. PMID: 25175323.

19. Esmaeili MA, Jahromi A, Twomey J, et al. Energy consumption of VA
hospital CT scans. In: In: Proceedings of the 2011 IEEE international
symposium on sustainable systems and technology; 2011. p. 1–5.

20. Esmaeili MA, Jahromi AS, Twomey J, et al. Hospital radiology depart-
ment overhead energy estimation. In: In: Proceedings of the 2011 IEEE
international symposium on sustainable systems and technology; 2011.
p. 1–6.
534
Descargado para Anonymous User (n/a) en National Library of Health and

uso personal exclusivamente. No se permiten otros usos sin autorizaci
21. Brassil MP, Torreggiani WC. Recycling in Ir, what IR specialists can do to
help. Cardiovasc Intervent Radiol 2019; 42(6):789–790. doi:10.1007/
s00270-019-02206-9.

22. U.S. Energy Information Administration (EIA). How much electricity dose
an American home use? Available at: www.eia.gov/tools/faqs/faq.php?
id=97&t=3. Accessed: July 30, 2022

23. García-Sanz-Calcedo J, Al-Kassir A, Yusaf T. Economic and environ-
mental impact of energy saving in healthcare buildings. Applied Sciences
2018; 8(3):440.. Mar.

24. Department of Energy. Efficient Lighting Strategies. Available at: https://
www.nrel.gov/docs/fy03osti/26467.pdf. Accessed: January 2, 2022

25. Diaz-Mendez SE, Torres-Rodríguez AA, Abatal M, et al. Economic, environ-
mental and health co-benefits of the use of advanced control strategies for
lighting in buildings of Mexico. Energy Policy 2018; 113:401–409.

26. Soltic S, Chalmers A. Optimization of LED lighting for clinical settings. J
Healthc Eng 2019; 2019:5016013 doi:10.1155/2019/5016013. PMID31
534645PMCIDPMC6732584.

27. Department of Health. Sustainability in healthcare. victoria department of
health. 2012. Available online:www.health.vic.gov.au/sustainability/
energy/use.htm. Accessed: February 20, 2022

28. Liu A, Miller W, Crompton G, et al. Principles to define energy key perfor-
mance indicators for the healthcare sector. In: In2020 International Confer-
ence on Smart Grids and Energy Systems (SGES), IEEE; 2020:898–903.

29. Chua ALB, Amin R, Zhang J, et al. The environmental impact of interven-
tional radiology: an evaluation of greenhouse gas emissions from an aca-
demic interventional radiology practice. J Vasc Interv Radiol 2021; 32
(6):907–915. doi:10.1016/j.jvir.2021.03.531. e3Epub 2021 Mar
29PMID33794372.

30. Sachar S, Campbell I, Kalanki A. Solving the global cooling challenge:
how to counter the climate threat from room air conditioners. rocky
mount institute, 2018. Available at: www.rmi.org/insight/solving_the_glo-
bal_cooling_challenge. Accessed: February 20, 2022

31. Delgado A, Keene KM, Wang N. Integrating health and energy efficiency
in healthcare facilities. Pacific Northwest National Lab. (PNNL), Richland,
WA (United States); 2021 Mar 1.

32. Li Y, Cao L, Zhang J, et al. Energy benchmarking in healthcare facilities: a
comparative study. J Construct Engineering Manage 2021; 147
(11):04021159.

33. Minnesota Pollution Control Agency. Reducing office paper use. Avail-
able at: www.pca.state.mn.us/quick-links/office-paper. Accessed: Feb-
ruary 8, 2022.

34. Wang SJ, Middleton B, Prosser LA, et al. A cost-benefit analysis of elec-
tronic medical records in primary care. Am J Med 2003; 114(5):397–403.

35. Dykstra RH, Ash JS, Campbell E, et al. Persistent paper: the myth of
“going paperless”. InAMIA Annual Symposium Proceedings 158 Am
Med Informat Associat 2009; 2009:158.

36. Trends in healthcare payments eleventh annual report: 2020. Available
at: https://www.instamed.com/white-papers/trends-in-healthcare-pay-
ments-annual-report. Accessed: February 8, 2022.

37. Suksuwan A, Matossian A, Zhou Y, et al. Environmental LCA on three
note-taking devices. Procedia CIRP 2020; 90:310–315.

38. Carino S, Porter J, Malekpour S, et al. Environmental sustainability of
hospital foodservices across the food supply chain: a systematic review.
J Acad Nutr Diet 2020; 120(5):825–873. doi:10.1016/j.jand.2020.01.001.
MayEpub 2020 Feb 21PMID32093919.

39. McCray S, Maunder K, Barsha L, et al. Room service in a public hospital
improves nutritional intake and increases patient satisfaction while
decreasing food waste and cost. J Hum Nutr Diet 2018; 31(6):734–741.

40. The International EPD System. Available at: www.environdec.com/home.
Accessed June 28, 2022.

41. National Association of State Procurement Officials (NASPO). NASPO
Green Purchasing Guide. Available at: https://www.naspo.org/green-
purchasing-guide. Accessed: February 8, 2022

42. Esmaeili A, McGuire C, Overcash M, et al. Environmental impact reduc-
tion as a new dimension for quality measurement of healthcare services.
Int J Health Care Qual Assur 2018; 31(8):910–922. doi:10.1108/IJHCQA-
10-2016-0153. PMID: 30415627.

43. Rizan C, Bhutta MF. Environmental impact and life cycle financial cost of
hybrid (reusable/single-use) instruments versus single-use equivalents in
laparoscopic cholecystectomy. Surg Endosc 2022; 36(6):4067–4078.

44. MacNeill AJ, Hopf H, Khanuja A, et al. Transforming the medical device
industry: Road map to a circular economy: Study examines a medical
device industry transformation, 39. Washington, DC: Health Affairs,
2020:2088–2097.
 Social Security de ClinicalKey.es por Elsevier en marzo 08, 2023. Para 
ón. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

https://wol.iza.org/articles/environmental-regulations-and-business-decisions/long
https://doi.org/10.1001/jama.2009.1610
https://doi.org/10.1001/jama.2009.1610
https://doi.org/10.1371/journal.pone.0157014
https://doi.org/10.1371/journal.pone.0157014
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0005
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0005
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0005
http://www.eia.gov/consumption/commercial/reports/2012/energyusage
http://www.eia.gov/consumption/commercial/reports/2012/energyusage
https://www.globenewswire.com/news-release/2021/11/16/2335435/0/en/92-of-S-P-500-Companies-and-70-of-Russell-
https://www.globenewswire.com/news-release/2021/11/16/2335435/0/en/92-of-S-P-500-Companies-and-70-of-Russell-
https://www.globenewswire.com/news-release/2021/11/16/2335435/0/en/92-of-S-P-500-Companies-and-70-of-Russell-
https://doi.org/10.1016/j.carj.2016.10.009
https://doi.org/10.1148/radiol.2020192084
https://doi.org/10.1007/s10334-018-0683-y
https://doi.org/10.1016/j.jacr.2011.01.011
https://doi.org/10.1016/j.jacr.2011.01.011
https://www.healthimaging.com/topics/magnetic-resonance-imaging/arizona-state-university-94t-cryogen-free-mri
https://www.healthimaging.com/topics/magnetic-resonance-imaging/arizona-state-university-94t-cryogen-free-mri
https://www.healthimaging.com/topics/magnetic-resonance-imaging/arizona-state-university-94t-cryogen-free-mri
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://www.ucsf.edu/news/2021/11/421756/siemens-healthineers-and-ucsf-create-first-carbon-neutral-radiology-imaging#:~:text=Siemens%20Healthineers%20and%20UCSF%20Create%20First%20Carbon%2DNeutral%20Radiology%20Imaging%20Service,-New%20Agreement%20Focuses&text=Siemens%20Healthineers%20and%20UC%20San,radiological%20imaging%20in%20Northern%20California
https://doi.org/10.1016/j.acra.2019.11.011
https://doi.org/10.1016/j.acra.2019.11.011
https://doi.org/10.1016/j.jacr.2011.07.017
https://doi.org/10.1016/j.ejro.2020.100320
https://doi.org/10.1016/j.ejro.2020.100320
https://doi.org/10.1016/j.acra.2014.07.010
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0019
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0019
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0019
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0020
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0020
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0020
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0020
https://doi.org/10.1007/s00270-019-02206-9
https://doi.org/10.1007/s00270-019-02206-9
http://www.eia.gov/tools/faqs/faq.php?id=97&t=3
http://www.eia.gov/tools/faqs/faq.php?id=97&t=3
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0023
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0023
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0023
https://www.nrel.gov/docs/fy03osti/26467.pdf
https://www.nrel.gov/docs/fy03osti/26467.pdf
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0025
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0025
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0025
https://doi.org/10.1155/2019/5016013
http://www.health.vic.gov.au/sustainability/energy/use.htm
http://www.health.vic.gov.au/sustainability/energy/use.htm
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0028
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0028
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0028
https://doi.org/10.1016/j.jvir.2021.03.531
http://www.rmi.org/insight/solving_the_global_cooling_challenge
http://www.rmi.org/insight/solving_the_global_cooling_challenge
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0031
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0031
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0031
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0032
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0032
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0032
http://www.pca.state.mn.us/quick-links/office-paper
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0034
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0034
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0035
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0035
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0035
https://www.instamed.com/white-papers/trends-in-healthcare-payments-annual-report
https://www.instamed.com/white-papers/trends-in-healthcare-payments-annual-report
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0037
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0037
https://doi.org/10.1016/j.jand.2020.01.001
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0039
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0039
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0039
http://www.environdec.com/home
https://www.naspo.org/green-purchasing-guide
https://www.naspo.org/green-purchasing-guide
https://doi.org/10.1108/IJHCQA-10-2016-0153
https://doi.org/10.1108/IJHCQA-10-2016-0153
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0043
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0043
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0043
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0044
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0044
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0044
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0044


Academic Radiology, Vol 30, No 3, March 2023 APPROACHES TO GREENING RADIOLOGY
45. Sherman JD, Raibley LA, Eckelman MJ. Life cycle assessment and cost-
ing methods for device procurement: comparing reusable and single-use
disposable laryngoscopes. Anesth Analg 2018; 127(2):434–443.
doi:10.1213/ANE.0000000000002683. PMID29324492.

46. DeStigter K, Horton S, Atalabi OM, et al. Equipment in the global radiol-
ogy environment: why we fail, how we could succeed. J Global Radiol
2019; 5(1):3.

47. World Health Organization. Guidelines for health care equipment dona-
tions (2020). Available at: https://www.who.int/medical_devices/publica-
tions/en/Donation_Guidelines.pdf. Accessed: January 2, 2022

48. McDonald S, Fabbri A, Parker L, et al. Medical donations are not always
free: an assessment of compliance of medicine and medical device don-
ations with World Health Organization guidelines (2009�2017). Int health
2019; 11(5):379–402. Sep 2.

49. F Alshqaqeeq, C McGuire, M Overcash, et al. Choosing radiology imag-
ing modalities to meet patient needs with lower environmental impact
Resour Conserv Recycl, 155 (2020), 10.1016/j.resconrec.2019.104657.

50. Overcash M. A comparison of reusable and disposable perioperative tex-
tiles: sustainability state-of-the-art 2012. Anesth Analg 2012; 114
(5):1055–1066. doi:10.1213/ANE.0b013e31824d9cc3. MayEpub 2012
Apr 4. Erratum in: Anesth Analg. 2012 Sep;115(3):733. PMID: 22492184.

51. McQuerry M, Easter E, Cao A. Disposable versus reusable medical
gowns: A performance comparison. Am J Infect Control 2021; 49
(5):563–570. doi:10.1016/j.ajic.2020.10.013. MayEpub 2020 Oct 20.
PMID: 33091509; PMCID: PMC7572274.

52. Morgan J (2019). ASHE Health facilities. Recycled blue wrap given new
life as inpatient products. Available at: www.hfmmagazine.com/articles/
3683-recycled-blue-wrap-given-new-life-as-inpatient-products.
Accessed: April 27, 2022

53. Zotova O, P�etrin-Desrosiers C, Gopfert A, et al. Carbon-neutral medical
conferences should be the norm. the lancet planetary health. 2020;4(2).
doi:10.1016/s2542-5196(20)30003-6

54. Nguyen JK, Moran SK, Yee JM, et al. Moving towards equity, wellness,
and environmental sustainability: arguments for virtual radiology resi-
dency recruitment and strategies for application control. Acad Radiol
2022; 29(7):1124–1128. doi:10.1016/j.acra.2021.12.014. JulEpub 2022
Jan 11. PMID: 35031151.

55. Grova MM, Donohue SJ, Meyers MO, et al. Direct comparison of in-per-
son versus virtual interviews for complex general surgical oncology fel-
lowship in the COVID-19 Era. Ann Surg Oncol 2021; 28(4):1908–1915.
doi:10.1245/s10434-020-09398-2. AprEpub 2020 Nov 26. PMID:
33244739; PMCID: PMC7690846.

56. Yakar D, Kwee TC. Carbon footprint of the RSNA annual meeting. Eur J
Radiol 2020; 125:108869doi:10.1016/j.ejrad.2020.108869. AprEpub
2020 Feb 19PMID32105915.

57. GlobeNewsWire (2020). 92% of S&P 500 Companies and 70% of Russell
1000 Companies Published Sustainability Reports in 2020, G&A Institute
Research Shows. Available at: 92% of S&P 500 Companies and 70% of
Russell 1000 (globenewswire.com). Accessed April 7, 2022.

58. Thiel CL, Fiorin Carvalho R, Hess L, et al. Minimal custom pack design
and wide-awake hand surgery: reducing waste and spending in the
Descargado para Anonymous User (n/a) en National Library of Health and So
uso personal exclusivamente. No se permiten otros usos sin autorización
orthopedic operating room. Hand (N Y) 2019; 14(2):271–276.
doi:10.1177/1558944717743595. MarEpub 2017 Nov 28. PMID:
29183168; PMCID: PMC6436127.

59. Clements W, Chow J, Corish C, et al. Assessing the burden of packaging
and recyclability of single-use products in interventional radiology. Cardi-
ovasc Intervent Radiol 2020; 43(6):910–915. doi:10.1007/s00270-020-
02427-3. JunEpub 2020 Feb 7. PMID: 32034434.

60. Shum PL, Kok HK, Maingard J, et al. Environmental sustainability in neu-
rointerventional procedures: a waste audit. J Neurointerv Surg 2020; 12
(11):1053–1057. doi:10.1136/neurintsurg-2020-016380. NovEpub 2020
Jul 17. PMID: 32680876.

61. Raymond SB, Leslie-Mazwi TM, Hirsch JA. Greening the neurointerven-
tional suite. J Neurointerv Surg 2020; 12(11):1037–1038. doi:10.1136/
neurintsurg-2020-016657. NovEpub 2020 Sep 10. PMID: 32913004.

62. Gadani H, Vyas A. Anesthetic gases and global warming: Potentials, pre-
vention and future of anesthesia. Anesth, Essays Res 2011; 5(1):5.

63. H€onemann C, Hagemann O, Doll D. Inhalational anaesthesia with low
fresh gas flow. Ind J Anaesth 2013; 57(4):345.. Jul.

64. Kagoma Y, Stall N, Rubinstein E, et al. People, planet and profits:
the case for greening operating rooms. CMAJ 2012; 184(17):1905–
1911.

65. Joseph B, James J, Kalarikkal N, et al. Recycling of medical plastics.
Advanced Indust Engineer Polymer Res 2021; 4(3):199–208.

66. Shinn HK, Hwang Y, Kim BG, et al. Segregation for reduction of regu-
lated medical waste in the operating room: a case report. Korean J Anes-
thesiol 2017; 70(1):100.

67. Tomson C. Reducing the carbon footprint of hospital-based care. Future
hospital J 2015; 2(1):57.

68. Gupta AK. JIT in healthcare: an integrated approach. Int J Advances
Manage Economic 2012; 1(1):20–27. Feb.

69. World Health Organization. Raising awareness on climate change and
health. Available at: www.euro.who.int/en/health-topics/environment-
and-health/Climate-change/activities/raising-awareness-on-climate-
change-and-health. Accessed April 7, 2022

70. Image Wisely. Available at: www.imagewisely.org. Accessed April 7,
2022

71. Image Gently. Available at: pediatric radiology & imaging | radiation
safety � image gently. Last accessed 2022.

72. Manuti A, Giancaspro ML. People make the difference: An explorative
study on the relationship between organizational practices, employees’
resources, and organizational behavior enhancing the psychology of
sustainability and sustainable development. Sustainability 2019; 11
(5):1499.

73. Acosta H, Salanova S, Llorens S. How organizational practices predict
team work engagement: The role of organizational trust. Cienc. Trab.
2012; 14:7–15.

74. Wood W, Tam L, Witt MG. Changing circumstances, disrupting habits. J
Personal Soc Psychol. 2005; 88:918–933.

75. Gkargkavouzi A, Halkos G, Matsiori S. Development and validation of a
scale for measuring multiple motives toward environmental protection
MEPS. Glob. Environ. Chang. 2019; 58:101971.
535
cial Security de ClinicalKey.es por Elsevier en marzo 08, 2023. Para 
. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1213/ANE.0000000000002683
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0046
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0046
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0046
https://www.who.int/medical_devices/publications/en/Donation_Guidelines.pdf
https://www.who.int/medical_devices/publications/en/Donation_Guidelines.pdf
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0048
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0048
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0048
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0048
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0048
https://doi.org/10.1213/ANE.0b013e31824d9cc3
https://doi.org/10.1016/j.ajic.2020.10.013
http://www.hfmmagazine.com/articles/3683-recycled-blue-wrap-given-new-life-as-inpatient-products
http://www.hfmmagazine.com/articles/3683-recycled-blue-wrap-given-new-life-as-inpatient-products
https://doi.org/10.1016/j.acra.2021.12.014
https://doi.org/10.1245/s10434-020-09398-2
https://doi.org/10.1016/j.ejrad.2020.108869
https://doi.org/10.1177/1558944717743595
https://doi.org/10.1007/s00270-020-02427-3
https://doi.org/10.1007/s00270-020-02427-3
https://doi.org/10.1136/neurintsurg-2020-016380
https://doi.org/10.1136/neurintsurg-2020-016657
https://doi.org/10.1136/neurintsurg-2020-016657
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0062
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0062
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0063
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0063
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0063
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0064
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0064
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0064
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0065
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0065
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0066
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0066
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0066
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0067
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0067
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0068
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0068
http://www.euro.who.int/en/health-topics/environment-and-health/Climate-change/activities/raising-awareness-on-climate-change-and-health
http://www.euro.who.int/en/health-topics/environment-and-health/Climate-change/activities/raising-awareness-on-climate-change-and-health
http://www.euro.who.int/en/health-topics/environment-and-health/Climate-change/activities/raising-awareness-on-climate-change-and-health
http://www.imagewisely.org
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0072
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0072
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0072
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0072
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0072
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0073
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0073
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0073
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0074
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0074
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0075
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0075
http://refhub.elsevier.com/S1076-6332(22)00434-2/sbref0075

	Approaches to Greening Radiology
	BACKGROUND
	CURRENT APPROACH
	Decreasing Energy Use
	Engineering
	Shutting Off Monitors
	Lighting
	Climate Control

	Decreasing Waste
	Going Paperless
	Food
	Purchasing
	Reusing
	Event Hosting
	Teleradiology
	Packaging
	Anesthesia Gas
	Biodegradable Items

	Recycling and/or Proper Disposal of Waste
	Waste Segregation
	Waste Transportation

	Raising Awareness

	CONCLUSION
	Author Contributions
	References


