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I. Background and Objectives for the Technical Brief

Clinicians are increasingly aware of the environmental impacts of healthcare processes
and procedures, however the path to reducing that impact is often unclear or complex.
Life cycle analysis (LCA) provides a pathway to evaluate products, processes, and
procedures within a healthcare setting and to support evidence-based decision making.
Drivers for adoption of LCA include comparison of single-use and reusable devices and
evaluation of material efficiency in processes and procedures.!® The framework for LCA
is described in ISO 14040.° To assess the impacts associated with a procedure or process
requires a detailed audit of the materials and methods used, in the form of a LCA
conducted in accordance with ISO 14044.'° The method explores the energy, water,
environmental impacts associated with each phase of the raw material extraction,
manufacturing, transportation, use, and end-of-life pathways. A system boundary is
established to determine the variables in a product’s life cycle that will be included in the
analysis and what will be excluded, or outside the system boundary. The system
boundary is defined by the scope of the LCA and may include the full life cycle of a
product (cradle to grave) or a subset of the process (e.g., cradle to gate, gate to gate, or
gate to grave). Cradle is defined as the raw material extraction phase of the product
manufacturing. Gate is defined as the boundary of the specific module or process (e.g.,
include the impacts before a product leaves the factory gate). Grave describes the end-of-
life phase of a product. A limitation in the analysis may be unknown associated impacts
at various points from cradle to grave, and stages of the product life cycle therefore the
scope of this technical brief will highlight the type of system boundary boundaries used
in the healthcare studies might be limited to only a portion of the life cycle, such as LCA
studies are often product- or facility-focused which can serve as a pathway to raise
awareness about environmental impacts with a particular healthcare procedure or
process.!! However, facility-focused studies present limitations in that it is not always
possible to replicate the same strategies to reduce impacts, due to the differences in
products, policies, and procedures within each facility. In addition, LCA includes
geographical contexts in the form of operational energy supply, and increasingly
operational water supply, adding further challenges in comparison between facilities to
support decision-making. The challenge remains on how to translate case-studies to
sector-wide change, without regulation or standardized guidance.

Increasingly, commercial companies present their own life cycle analyses to market and
promote adoption of their product. This can result in confusion in the decision-making
process, as a facility may opt into a product due to the perceived financial and
environmental benefits without knowledge of the broader clinical process in which the
product is used. While industry data is necessary to understand the impacts associated



with a product’s life cycle, third-party certified data is a preferred method to demonstrate
transparent, comparable, and objective quantitative data.

Multiple drivers aid in decision-making within a healthcare system, including compliance
with regulatory bodies, facility resources including staffing, individual preferences and
behaviors. There is further need for policy and procedures for single-use and reusable
devices, with established pathways for recycling.'? In addition to environmental benefits
and resource efficiency can lead to cost savings for a healthcare facility. Through LCA
studies and evidence-based strategies, the health care sector can increase organizational
commitment to sustainable practices.'® Scientific barriers include the need to evaluate
interventions to reduce waste and provide evidence of no impact or increased risk to
patient safety. Non-scientific barriers include a lack of risk awareness, insufficient
training in waste management, improper staffing and resources.'> Embedded procedures
within health care education translate into resource intensive practice, which leads to
increased waste. Absence of national guidance leads to development and adaption of
knowledge at local level,'* which does not translate to system wide change.

Healthcare waste includes medical, biomedical, clinical, or facility waste, which is
approximately one to two percent of total urban waste.!? The majority of the waste
generated (85%) is non-hazardous, whereas the remaining waste includes infectious,
radioactive, or toxic healthcare waste.!> !° The healthcare waste management process is
highly reliant on initial sorting and segregation of the waste, to ensure correct collection,
transportation, storage, treatment, and disposal.'? To maintain the level of quality, this
process requires cohesion between multiple stakeholders, including, staff, waste
management, administration, facilities operations.'? Exposure risk extends across the use
and end-of-life phases, including patients, healthcare and waste management staff, as
well as the general public in cases where healthcare waste is not properly disposed.'?
Improper disposal of pharmaceutical waste is impacting drinking water, with antibiotics,
hormone, non-steroidal anti-inflammatory, beta blockers, lipid regulators, and anti-
depressant drugs the most prevalent pharmaceuticals found in the environment.'? !¢ There
have been negative impacts to wildlife, as well as the development of environmental
bacteria leading to evolution of antibiotic-resistant strains.'? Microplastics have been
found in human blood and lungs.'® !

Understanding the full life cycle of a product or processes includes a clear understanding
of the end-of-life pathways. Treatments of waste are used to disinfect and sterilize
infectious and sharp waste.!? Incineration of waste is used to remove hazardous waste and
reduce the volume into ashes and gases, however the method includes exposure risk to
staff if the operational requirements are not met." '* These are all energy intensive
processes. Chemical treatment can also be used to breakdown waste.'? While effective at
sterilization of personal protective equipment and medical devices, the use of Ethylene
Oxide is being reviewed by the U.S. Environmental Protection Agency to assess and limit
the release of the air pollutant under the Clean Air Act, to reduce the airborne pollutant in
the communities where reprocessing plants are located.'® ! Municipal solid waste, or
non-hazardous waste is unregulated, with end-of-life pathways of recycling or landfill.'*
16 Diversion of waste products includes composting and recycling as end-of-life
pathways.!® Limitations include that with patient information must be shredded to comply
with HIPAA policies.



Reprocessing is another pathway, which reflects increased development of circular
supply chains.?° This includes reusable devices, which are collected and reprocessed,
including sterilization and disinfection, before reuse.'® Aversion is another methodology
for reduction of waste, through improved procurement processes, including purchase of
reusable products and medical devices, to reduce extraction of raw materials and
contribution to waste streams.'® Also reduction of unnecessary supplies, such as
prepackaged surgical trays, which result in disposal of unused items, as well as economic
loss.!® Use of waste as an energy source is emerging, with pyrolysis of healthcare waste
used to produce liquid fuels with properties similar to diesel, as well as organic waste
(e.g., medical cotton) used to produce biogas,'? and excess heat used in energy
generation.'

For a life cycle assessment (LCA) study to be used to support policy and decision-making
requires that the study is reliable and has addressed any variation in modelling
parameters, methods, data collection and databases that may lead to uncertainty in the
interpretation of the results.?!"?6 Addressing uncertainty is particularly important when
evaluating end-of-life pathways to support waste management decision-making. There
are varying methods that can be used to evaluate uncertainty, including discernibility
analysis, impact category relevance, overlap area of probability distributions, null
hypothesis significance testing.?” The gap in uncertainty analysis in health care LCA
studies has been identified as a barrier for further comparison and replication of the
studies.'! Furthermore, assessment of uncertainty within the LCA is essential to
accurately capture the multi-life cycles and material re-use®® ?° through circular economy
strategies and pathways.?% %

Therefore, in addition to understanding the environmental impacts associated with a
process, the analysis also must simultaneously evaluate the benefit and risk to patient care
and safety.'* The focus on patient safety has led to a rise in single-use devices and a
planned obsolescence of reprocessed devices.? Single-use devices and equipment are
often comprised of single-use plastics and their rising use is increasing waste
generation.'? In addition to the individual products and processes, some LCA studies
have focused on organizational sustainability, with a lack of guidance at the practitioners’
level.!®

Performing a LCA and acting on the results requires considering the complex, multilevel
nature of healthcare organizations and engaging with stakeholders both within and
outside of the organization, including manufacturers, suppliers, clinicians, non-clinical
administrative, facilities, and leadership personnel, waste disposal services, and
government. Factors to consider within an organization or facility when identifying
potential levers for change include clinical practice, supply purchasing, facility design
and operation, and governance, standards, and policies.

This technical brief was commissioned by the Agency of Healthcare Research and
Quality (AHRQ) Evidence-based Practice Center (EPC) Program, initiated by the AHRQ
Climate Workgroup. The objective of this technical brief is to assess the current use of
LCA frameworks in healthcare research and practice, understand the components of those
frameworks, and assess gaps in research and practice to guide future directions.



I1. Guiding Questions

The brief will be facilitated by guiding questions (GQs), documenting research and Key
Informant input.

GQ1. Frameworks for Life Cycle Assessment (LCA)
e What LCA frameworks have been developed or adapted for healthcare
settings, products, and procedures?
1. What data sources, measures/indicators, and methods are used to

inform these frameworks?

ii. Which components of the frameworks are thought to have the
greatest association with carbon footprint?

iii.  What limitations of these frameworks have been described?

GQ2. Studies of LCA
e How are LCAs applied in healthcare research?
1. What topic areas have been studied and for what settings?
11. What data sources, measures/indicators, and methods were used in
the analysis?
iii. What outcomes have been studied, and what were the findings?
iv. What were cited limitations of the research?

GQ3. Gaps in the knowledge and future research needs
e Are there frameworks that are being developed or have been developed
but not yet implemented?
e What are possible areas of future research?

II1. Methods

The methods for this technical brief will follow the Methods Guide for the Evidence-
based Practice Center (EPC) Program. The guiding questions will help formulate the
overarching methods and facilitate the search strategy for this technical brief, which are
outlined in this protocol. This technical brief and answers to the guiding questions will be
informed by interviews with key informants, grey literature searches, and published
literature searches, as detailed below.

1. Data Collection:

A. Discussions with Key Informants

Key informant interviews will provide input on the state of the research and practice of
LCA in healthcare. For this project we selected six scopes of interest (with the option of
expanding to further content areas) for which we identified suitable representatives: LCA
frameworks, operations, tools for healthcare organizations/providers, researchers,
organizational policy, and medical technology industry.

For this technical brief, we will use the key informants as a source of information not yet
captured in the scientific literature. We will seek the help of the key informants in



understanding the conceptual complexity of healthcare industry waste as well as practical
support by asking for input to refine the guiding questions, the search strategy, and our
suggested approach to document the findings in this technical brief. The planned questions
are documented in Table 1.

Table 1 Potential Key Informant Questions

Topic Question
Guiding » To fully assess the current state of the science for this topic, are we asking
questions the right questions?
* Are we addressing the most important decisional dilemmas and knowledge
gaps?

Current status | » Are there specific frameworks for LCAs in healthcare that you find most
valuable and explain why you would recommend?

*  What is the contribution of LCAs to decarbonization of healthcare?

* Are there any lessons learned from LCAs in other industries?

» Are there specific institutions or organizations that you would highlight
that are utilizing LCAs in healthcare?

*  What do you think is needed to advance the field of the use of LCA in

healthcare?
* How can LCAs be applied more broadly in healthcare, beyond a single
study?
Barriers * What are the barriers and/or challenges to conducting LCA in healthcare
and applying results?
* What are the major gaps in the research of LCAs in healthcare?
Search and * Do you have any comments or additions to the search strategy?
sources * Are there new sources of information and/or data?
» Are there non-research/non-academic data sources that you use?
Analysis and * Do you have any comments regarding the planned synthesis of the
result findings?
presentation * Do you have any suggestions on how best to organize the findings?

Abbreviations: LCA life cycle analysis

The key informant interviews will follow a semi-structured format. key informants
interviews will be conducted as web conferences, and we will invite key informants to a
small group meeting or individual interviews as their schedule allows. Key informant
interviews will be documented during each call by a designated member of the project
team. Notes will be reviewed and discussed by the investigators to evaluate how the input
provides insight on the key questions.

The interviews will be supported by an online survey that informs KIs of our questions in
advance and that will also give participants the opportunity to add information which may
have been lost during the call. This procedure ensures that in the case of group interviews,
all key informants feel heard and have the opportunity to provide their perspective to ensure
that a few participants do not dominate discussions. The structured approach to questions
will allow us to provide a systematic overview of responses.

B. Gray Literature Search

While the published research literature on LCA in healthcare is still limited in volume,
there are multiple grey literature sources that need to be searched systematically to fully



explore the existing evidence base and applied use of LCA. A key resource we will
explore is Healthcare LCA, a repository of existing healthcare LCAs and methods that is
used by researchers and other audiences for literature searches and other purposes. We
will also ask key informants whether they are aware of additional non-academic or non-
research data sources that may be searched.

We will also search the research registries ClinicalTrials.gov, National Institutes of
Health (NIH) RePORTER, Environmental Protection Agency (EPA) Health and
Environmental Research Online (HERO), European Research Council projects, and the
International Clinical Trials Registry Platform for ongoing research. We will review the
proceedings of the 2023 CleanMed conference for ongoing research.

Finally, AHRQ will set up a portal for submissions of Supplemental Evidence And Data
for Systematic Reviews (SEADS) and publish a notice on the Federal Register to
encourage SEADS submissions.

C. Published Literature Search

We will search a combination of biomedical (PubMed), environmental (Agricultural &
Environmental Science Collection; Environmental Science Database; Environment
Index), and technical research (Web of Science, Scopus) databases as this is an
interdisciplinary research topic. We will discuss the implications in more detail with the
KIs, but we suggest searching databases without publication year restriction to get a
complete overview of the existing literature. While the large majority of studies has been
published fairly recently, considerations for sustainability have been published as early as
2005,%"3! in particular in Scandinavian countries. The frameworks and analyses appear
comparable, and restricting searches further will miss foundational work.

We will also use existing systematic reviews to identify studies. However, not many
research syntheses on the topic have been published to date and most include only a small
number of studies.!!* 3237 Nonetheless, we will systematically identify all existing reviews
by searching PubMed using a systematic review filter, the Cochrane Database of
Systematic Reviews, the repository of the Campbell Collaboration, and the review
registry PROSPERO. We will document the existing reviews as a resource collection and
add the studies included in the reviews to our database of primary research studies to gain
a complete overview.

The draft search strategy for research databases is documented in the appendix. The
search strategy will undergo peer review to ensure relevant resources for this technical
brief are identified.

Table 2 below describes the eligibility criteria in a Population, Concept, Context, Other
limiters framework.


https://healthcarelca.com/

Table 2. Criteria for Inclusion/Exclusion of Studies in the Review

Domain Inclusion Exclusion
Population e GQI: Publications that include a figure or detailed e Publications citing existing
description of a life cycle assessment framework frameworks without further
e GQ2: Publications that describe the methods and results conceptual contribution to
of a life cycle assessment study the framework and
o GQ3: Registered research of life cycle framework publications describing only
development or assessment the need or future plans of
conducting a life cycle
assessment
Concept Life cycle assessments that address either scope 1, scope 2, e Frameworks, assessments,
scope 3 emissions. Scope 1: Direct emissions (facilities, ongoing research not
anesthetics, fleet and leased vehicles), Scope 2: Indirect including life cycle
emissions (electricity, stream). Scope 3: Other indirect assessments
emissions (food and catering, business services, medical
devices, medicines, water, metered-dose inhalers, energy
[well-to-tank], business travel [public transit, gray fleet], staff
commuting, manufacturing [products, chemicals, gases],
waste, information technology, Health Care Organization
(HCO) investments, construction, and freight transport)
e GQ1: Frameworks for life cycle assessments, including
logic models, analytic frameworks, or other
conceptualization
e GQ2: Published life cycle assessments, life cycle
assessments do not need to meet ISO (International
Organization for Standardization) 14040 standards but
need to describe a goal, scope, and boundaries;
assessment can describe partials or full cradle to grave
cycles
* GQ3: Ongoing research, development of frameworks and
assessments
Context e Healthcare: healthcare delivery organizations, health e Studies in contexts not
insurance, or manufacturers/suppliers that directly specific to healthcare

contribute to the delivery of healthcare (e.g., supply of
personal protective equipment) including scope 1, scope
2, and scope 3 emissions

Other limiter ¢ Information published in English-language journal o Data reported in
manuscripts, trial records, and gray literature in the public abbreviated format (e.g.,
domain from the outlined sources conference abstracts) will

be excluded; systematic
reviews will be retained for
reference mining

Abbreviations: GQ guiding questions; HCO health care organization; ISO International Standards
Organization

Literature searches targeted to each guiding question will be designed, executed, and
documented by the EPC Medical Librarian. For databases, we will use controlled
vocabulary where applicable as well as text words as not to miss newer studies not
indexed yet. Searches will be conducted without date restriction.

Literature screening and data abstraction will be conducted in an online database
designed for systematic reviews (DistillerSR). Literature reviewers will screen citations
supported by machine learning. All citations that at least one reviewer determines to be
potentially relevant to the Technical Brief will be obtained as full text. Full text studies
will be screened by two independent reviewers against the explicit eligibility criteria;
disagreements will be resolved by consensus. The literature searches will be updated



during the Peer Review process before finalization of the Technical Brief. Any identified
data meeting the eligibility criteria will be incorporated into the final Technical Brief.

2. Data Organization and Presentation:

A. Information Management

We will abstract data from published studies, gray literature from the outlined sources, and
online research registries using online software for literature reviews.

The technical brief will systematically identify frameworks that have been suggested in the
context of healthcare (GQ1). This will include conceptual publications as well as empirical
literature applying LCAs. We will broadly characterize the frameworks by described scope
(e.g., cradle to grave). In addition, we will describe the frameworks in terms of
components, suggested data sources, indicators informing the assessment, and applied
methods and analyses. Frameworks are difficult to summarize, and we will use a
combination of qualitative (e.g., type of components) and quantitative (e.g., complexity of
the model) domains to provide a comprehensive and useful overview. We will abstract any
information on the anticipated impact on carbon footprint and we will document the
limitations of the frameworks noted by the authors. While a full critical appraisal of
frameworks is beyond the scope of the technical brief, we will provide some information
regarding the source (e.g., endorsement by a professional organization), stakeholder
involvement in the development of the framework, evidence-based status (e.g., the
components are based on empirical data), defined population (framework target described
in detail), and validity testing status (e.g., goodness of fit assessed, applied in different
contexts).*® > Where publications depict a conceptual framework, analytic framework, or
theoretical model visually, we will seek permission to include the model in an appendix as
a resource. Many publications are now created under creative commons agreements and
figures can be used with appropriate attribution. For others, publishers need to agree on the
use of the figure, which sometimes comes with a small fee but is rarely denied.

GQ2 will analyze empirical LCA studies in the context of healthcare. LCAs have been
applied in a range of healthcare areas - within and across healthcare delivery organizations,
and within and across different healthcare disciplines (e.g., focused on surgical equipment
specifically or personal protective equipment generally).!!:32-37 We will abstract the study
identifier and publication year together with contextual information such as the geographic
region, healthcare setting, and discipline. It is critical to understand the context for the
analyses, as circumstances are different in developed compared to developing countries
and healthcare systems and existing mandates (e.g., UK vs US). We will broadly organize
studies by healthcare discipline, building on categories established for the Healthcare LCA
database. Furthermore, we will document existing studies by LCA scope. For this, we will
establish a categorization system grounded in the identified literature and discussions with
key informants. Our preliminary literature review indicates that most studies in healthcare
focus on use in the healthcare facility. We will highlight any identified cradle to grave
analyses and document the relative frequency of the different start and endpoints of the
analyses employed in the studies. We will abstract the data sources, indicators, and analytic



methods employed in the study. We will document the outcomes and the author’s
conclusion. In addition, we will abstract any limitations the authors have reported.

For GQ3 we will document ongoing research studies and identified gaps in research and
implementation. We will abstract the study identifier and source, the type of project (e.g.,
framework development or assessment), the scope (e.g., cradle to grave lifecycle), and the
expected completion date or stage of the framework development or assessment.

B. Data Presentation

We will document published frameworks, life cycle assessment publications, and
registered ongoing research in concise evidence tables, accompanied by a narrative
synthesis. The technical brief will provide a trend analysis showing the interest in LCAs
over time.

The characteristics of the identified frameworks (GQ1) will be documented across
studies, summarizing the abstracted data outlined above. Where publications depict a
conceptual framework, analytic framework, or theoretical model visually, we will seek
permission to include the model in an appendix as a resource. We will display figures
created under creative commons agreements with appropriate attribution and ask
publishers for permission to use the figure.

We will summarize the abstracted features of the identified LCAs (GQ2) in a summary
of findings table and a narrative synthesis. We will summarize the expected research,
stratified by type (framework, assessment), organized by scope (starting with cradle to
grave LCAs), and highlighting research close to completion.

We will summarize forthcoming research (GQ3) and conduct a formal gap analysis to
clearly outline the presence and absence of research for relevant topics. Using an
evidence gap map format, we will pinpoint the most important lack of research. The
analysis will be supported by the content experts and KI input to ensure that the lack of
research represents research needs that need to be filled. We will use the established
eligibility criteria framework to formulate recommendations for research. Research needs
will be organized by domain (e.g., type of intervention, context) and will be sufficiently
detailed for future research to advance the field.

The project data will be shared via SRDRPlus.
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V. Definition of Terms

Acronym Definition

AHRQ Agency for Healthcare Research and Quality

EPA Environmental Protection Agency

EPC Evidence-based Practice Center

GQ Guiding Questions

HERO Health and Environmental Research Online

ISO International Organization for Standardization

LCA Life Cycle Assessment

SEADS Submit Supplemental Evidence and Data for Systematic Reviews

VI. Summary of Protocol Amendments

There are no amendments.

VII. Key Informants

Key Informants are the end users of research, including patients and caregivers,
practicing clinicians, relevant professional and consumer organizations, purchasers of
health care, and others with experience in making health care decisions. Within the EPC
program, the Key Informant role is to provide input into the decisional dilemmas and
help keep the focus on Key Questions that will inform healthcare decisions. The EPC
solicits input from Key Informants when developing questions for the systematic review
or when identifying high-priority research gaps and needed new research. Key Informants
are not involved in analyzing the evidence or writing the report. They do not review the
report, except as given the opportunity to do so through the peer or public review
mechanism.

Key Informants must disclose any financial conflicts of interest greater than $5,000 and
any other relevant business or professional conflicts of interest. Because of their role as
end-users, individuals are invited to serve as Key Informants and those who present with
potential conflicts may be retained. The AHRQ Task Order Officer (TOO) and the EPC
work to balance, manage, or mitigate any potential conflicts of interest identified.

VIII. Peer Reviewers

Peer reviewers are invited to provide written comments on the draft report based on their
clinical, content, or methodological expertise. The EPC considers all peer review
comments on the draft report in preparation of the final report. Peer reviewers do not
participate in writing or editing of the final report or other products. The final report does
not necessarily represent the views of individual reviewers.
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The EPC will complete a disposition of all peer review comments. The disposition of
comments for systematic reviews and technical briefs will be published 3 months after
the publication of the evidence report.

Potential peer reviewers must disclose any financial conflicts of interest greater than
$5,000 and any other relevant business or professional conflicts of interest. Invited peer
reviewers with any financial conflict of interest greater than $5,000 will be disqualified
from peer review. Peer reviewers who disclose potential business or professional
conflicts of interest can submit comments on draft reports through the public comment
mechanism.

IX. EPC Team Disclosures

EPC core team members must disclose any financial conflicts of interest greater than
$1,000 and any other relevant business or professional conflicts of interest. Related
financial conflicts of interest that cumulatively total greater than $1,000 will usually
disqualify EPC core team investigators.

X. Role of the Funder

This project was funded under Contract No. 75Q80120D00009 from the Agency for
Healthcare Research and Quality, U.S. Department of Health and Human Services. The
AHRQ Task Order Officer reviewed contract deliverables for adherence to contract
requirements and quality. The authors of this report are responsible for its content.
Statements in the report should not be construed as endorsement by the Agency for
Healthcare Research and Quality or the U.S. Department of Health and Human Services.
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Appendix 1. Draft Search Strategy

PUBMED
Results — 3013

ALCA or BLCA or CLCA or DLCA or ICLA or LCAM or LCC OR LCSA or OLCA or
O-LCA or PLCA or SLCA OR LCIA OR "ISO 14040" OR lifecycle OR "life cycle"
AND

Healthcare OR health care OR primary care OR practice OR hospital OR clinician OR
physician OR doctor OR nurse OR medical care[Title/Abstract]

AND

Impact OR emissions OR carbon OR greenhouse OR environment® OR waste OR
climate change OR (climate AND change)

EMBASE
Results — 421

(alca:ti,ab,kw OR blca:ti,ab,kw OR clca:ti,ab,kw OR dlca:ti,ab,kw OR icla:ti,ab,kw OR
lcam:ti,ab,kw OR Icc:ti,ab,kw OR Icsa:ti,ab,kw OR olca:ti,ab,kw OR 'o lca":ti,ab,kw OR
plca:ti,ab,kw OR slca:ti,ab,kw OR Icia:ti,ab,kw OR 'iso 14040":ti,ab,kw OR
lifecycle:ti,ab,kw OR 'life cycle':ti,ab,kw)

AND

(‘'health care delivery'/de OR 'medical care'/de OR healthcare:ti,ab,kw OR 'health
care':ti,ab,kw OR 'primary care':ti,ab,kw OR hospital:ti,ab,kw OR clinician:ti,ab,kw OR
physician:ti,ab,kw OR doctor:ti,ab,kw OR nurse:ti,ab,kw OR 'medical care':ti,ab,kw)
AND

(((environment® NEAR/4 (impact OR impacts)):ti,ab,kw) OR emissions:ti,ab,kw OR
carbon:ti,ab,kw OR greenhouse:ti,ab,kw OR environment*:ti,ab,kw OR waste:ti,ab,kw
OR 'climate change':ti,ab,kw OR (climate:ti,ab,kw AND change:ti,ab,kw))

Web of Science
Results — 731

Editions: ESCI, SCI-EXPANDED, SSCI

#1

TS=(ALCA or BLCA or CLCA or DLCA or ICLA or LCAM or LCC OR LCSA or
OLCA or O-LCA or PLCA or SLCA OR LCIA OR "ISO 14040" OR lifecycle OR "life
cycle")

#2

TS=(Healthcare OR "health care" OR "primary care" OR hospital OR clinician OR
physician OR doctor OR nurse OR "medical care")

#3
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TS=(environment* NEAR/4 Impact OR emissions OR carbon OR greenhouse OR
environment®* OR waste OR climate change OR (climate AND change))

#4
#1 AND #2 AND #3

SCOPUS
Results — 406

( TITLE-ABS-KEY ( healthcare OR "health care" OR "primary

care" OR hospital OR clinician OR physician OR doctor OR nurse OR "medical care" ) )
AND

( TITLE-ABS-

KEY (emissions OR carbon OR greenhouse OR environment®* OR waste OR climate A
ND change OR ( climate AND change ) ) )

AND

( TITLE-ABS-

KEY (‘alca OR blca OR clca OR dlca OR icla OR Icam OR Icc OR Icsa OR olca OR o-
Ica OR plca OR slca OR Icia OR "iso 14040" OR lifecycle OR "life cycle" ) )

Agricultural & Environmental Science Collection (Proquest)
Results - 658

Limited by: Peer reviewed

noft(healthcare OR "health care" OR "primary care" OR hospital OR clinician OR
physician OR doctor OR nurse OR "medical care" ) AND noft(emissions OR carbon OR
greenhouse OR environment* OR waste OR climate AND change OR ( climate AND
change ) ) AND noft(alca OR blca OR clca OR dlca OR icla OR Icam OR lcc OR Icsa
OR olca OR o-Ica OR plca OR slca OR Icia OR "iso 14040" OR lifecycle OR "life cycle"

)

Environmental Science Database (Proquest)
Results — 228

Limited by: Peer reviewed

noft(healthcare OR "health care" OR "primary care" OR hospital OR clinician OR
physician OR doctor OR nurse OR "medical care" ) AND noft(emissions OR carbon OR
greenhouse OR environment® OR waste OR climate AND change OR ( climate AND
change ) ) AND noft(alca OR blca OR clca OR dlca OR icla OR Icam OR lcc OR Icsa
OR olca OR o-Ica OR plca OR slca OR Icia OR "iso 14040" OR lifecycle OR "life cycle"

)
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Environment Index (EbscoHOST)
Results — 120

Filter: Academic Journals

TI ( ( healthcare OR "health care" OR "primary care" OR hospital OR clinician OR
physician OR doctor OR nurse OR "medical care" ) OR AB ( ( healthcare OR "health
care" OR "primary care" OR hospital OR clinician OR physician OR doctor OR nurse
OR "medical care" ) OR SU ( ( healthcare OR "health care" OR "primary care" OR
hospital OR clinician OR physician OR doctor OR nurse OR "medical care" ) OR KW ( (
healthcare OR "health care"” OR "primary care" OR hospital OR clinician OR physician
OR doctor OR nurse OR "medical care" )

AND

emissions OR carbon OR greenhouse OR environment* OR waste OR climate AND
change OR ( climate AND change ) ) OR SU ( emissions OR carbon OR greenhouse OR
environment® OR waste OR climate AND change OR ( climate AND change ) ) OR AB (
emissions OR carbon OR greenhouse OR environment* OR waste OR climate AND
change OR ( climate AND change ) ) OR KW ( emissions OR carbon OR greenhouse OR
environment® OR waste OR climate AND change OR ( climate AND change )

AND

alca OR blca OR clca OR dlca OR icla OR Icam OR lcc OR Icsa OR olca OR o-lca OR
plca OR slca OR Icia OR "iso 14040" OR lifecycle OR "life cycle" ) OR SU ( alca OR
blca OR clca OR dlca OR icla OR Icam OR lcc OR Icsa OR olca OR o-Ica OR plca OR
slca OR Icia OR "iso 14040" OR lifecycle OR "life cycle" ) OR AB ( alca OR blca OR
clca OR dlca OR icla OR Icam OR lcc OR Icsa OR olca OR o-Ica OR plca OR slca OR
Icia OR "iso 14040" OR lifecycle OR "life cycle" ) OR KW ( alca OR blca OR clca OR
dlca OR icla OR Icam OR lcc OR Icsa OR olca OR o-lca OR plca OR slca OR Icia OR
"iso 14040" OR lifecycle OR "life cycle"

Cochrane Database of Systematic Reviews (take out health terms)
Results - 3

#1

(ALCA or BLCA or CLCA or DLCA or ICLA or LCAM or LCC OR LCSA or OLCA or
O-LCA or PLCA or SLCA OR LCIA OR "ISO 14040" OR lifecycle OR "life
cycle"):ti,ab,kw (Word variations have been searched)

#2

(Impact OR emissions OR carbon OR greenhouse OR environment® OR waste OR
"climate change" OR (climate AND change)):ti,ab,kw (Word variations have been
searched)

#3

#1 AND #2
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Campbell Collaboration
Results - 0

Tried intext:for both search strings (separately)

PROSPERO
Results — 9

(ALCA or BLCA or CLCA or DLCA or ICLA or LCAM or LCC OR LCSA or OLCA or

O-LCA or PLCA or SLCA OR LCIA OR "ISO 14040" OR lifecycle OR "life
cycle"): KW

19



	Evidence-based Practice Center Technical Brief Protocol
	Project Title: Healthcare Industry Waste and Lifecycle Assessment

