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= Healthcare systems account for 4—5% of = This systematic review investigates Literature Search
national GHG emissions, impacting climate how ES metrics, particularly CF = Databases: MEDLINE (via PubMed), Psychinfo, Scopus, CINAHL Plus, EconlLit,
and public health.’ analyses, are incorporated into HTA and EMBASE.
= Rapid healthcare technology advancements and research practices. = Timeframe: From inception to October 2023.
oresent growing environmental challenges, = Focus: Integration of ES into HTA and related analysis around decision making

in health care contexts.
Eligibility Criteria

particularly in carbon footprint (CF).2

) ) » |t seeks to determine how these
» Pharmaceuticals contribute 10—-55% of

approaches can enhance the quality

nealthcare GHG emissions through .hlgh and scope of evaluations, supporting . Inclqded studies mtegra’upg ES into HTA or broader healthcare evaluations.
energy use and waste across their lifecycle.!3 more com - SN = English-language publications only.
: , RN prehensive decision ) )
= Medical devices require significant resources making Screening and Data Extraction
for production and disposal; 90% of device ' = Two reviewers independently screened titles, abstracts, and full texts.
waste comes from single-use products.* = Discrepancies resolved through discussion
= |ntegrating Environmental Sustainability (ES) = Data extracted on study design, environmental metrics, methods, key findings,
considerations into HTA supports more and impacts on healthcare decision-making.
holistic and financially sustainable healthcare Thematic Analysis
decision-making.> = Structured around 22 targeted questions covering EIA definitions, integration

into decision-making, financial sustainability, challenges, and case studies.

RESU LTS Top 10 High-Emission Pharmaceuticals Per kg API Reporting

= Review process adhered to PRISMA 2020 guidelines.
_ I Nivolumab - (Fed-batch and continuous perfusion cultures/multi-use tech) 276,596 CO2e (kg)

Nivolumab - (Perfusion mode/single-use tech) 137,234 C02e (kg)

= Life Cycle Assessments (LCA), PRISMA 2020 flow diagram

Carbon fOO’[printing, and Monoclonal antibody (non-specific) (single-use tech) 22,700 CO2e (kg)
Environmentally extended input- b (single-use tech 20,593 CO2e (k P o ; P o
y . P rastuzumab (single-se tech) ¢ (9 |dentification of studies via databases and registers |dentification of studies via other methods
OUtPUt (EEIO) anaIySIS a.re the mOSt Dexmedetomidine 3,010 CO2e (kg)
mhethOdS US:[ed 1I:O qua(?.tlfyl SHGS Of Injectable anesthetic drugs 3,000 CO2e (kg) Records removed before Records identified
pnarmaceuticals, mediCal devices, ) . screening:
and procedures. Morphine 2,040 CO2e (kg) Records identified from: Duplicate records from:
. Desflurane 1,790 CO2e (kg) Databases (n=19,916) TR Citation searching
= The CF of pharmaceuticals showed (n=32)
. " . Hydromorphone 799 CO2e (kg) (n=3’439)
stark disparities, ranging from
276 596 kg Coze/kg API for Nitrofurantoin 603 CO2e (kg) l
nivolumab to just 0.67 kg CO2e/kg
API| for Paracetamol—a difference Comparal’:,llvzpolzg Emlsélsmns on V:\ccmis, h:lec!Tech, and Records screened Records excluded
- _ edical rrocedures: rnieaima nalysis
exceeding 400,000-fold. P y (n=16,477) ~ (n=16,407)
. . Product/Procedure Details CO,e (kg)* Unit*
n These ValueS Varled Wldely due to COVID-19 Vaccine - COMIRNATY® (Pfizer/BioNTech) (cradle to grave) - .o, 0 4ec
. . . N multiple countries ’ ’
differences in productlon method S, g COVIII33-19Vaccine-mRNA—1273 (Moderna) (cradle-to-grave) - multiple o o\ o oo l
. £ countries ' ’
Usage pattern S, and geog raphlc § COVID-19 Vaccine - COVISHIELD® (AstraZeneca) (cradle-to-grave) - 0.013 to 0.048 Treatment Course
> multiple countries | | Reports sought for : Reports sought for Reports not
contexts. COVID-19 Vaccine - Ad26.COV2.S (J&J / Janssen) (cradle-to-grave) - 0,007 t6 0.094 ) Reports not retrieved , ,
multiple countries 00710 0. retrieval L retrieval . retrieved
. Reusable Ureteroscope 4.47 =
= Recent HTA reports, particularly from Sngle-use Uretoroscope 4.43 (n=70) =0 (n=32) (n=0)
PBAC and CDA, often focused on Single use lasic lanyngoscope handle 13 l l
Single-use Gowns 0.905
drug WaStage to addreSS . Di3|gaos§ble Laryngeal Mask Airway 0.285 Use
enVIronmentaI Concerns' reﬂeCtIng d ;:zzasl:lleelsdtainless steel laryngoscope handle (sterilization) 00.22331
||m|ted SCOpe S Reusable Laryngeal Mask A)i/rvsay i 0.%85 R t d f Reports EXC|UdEdZ
. E Cup Fit Filtering Facepiece (FFP) Respirator 0.125 eleigiobr“:tsssesse or . Health and .I:epolrtsbalssessed Replogtsd
. S Total emissions from PPEs over 12 months during COVID-19 212,956,000 - or eligibilit —— exclude
- Many studies demonstrated that = Medical gloves - production 11,000,000 (n=54) environmental & y
. . . . cenario without the Respima e-usable ,196, ear n= . = =
incorporating ES metrics into HTA Secnaria withihe Respaat® Rouable 2017000 ! context without (n=32) =10
. .« . Robotic Rehabilitation Exoskeleton (AGREE Robot) 2,233 decision-making focus
ImprOVGd deCISIOn'makmg; Surgical Instruments Sector 18 100 USD spent (n=12) g
Sometlmes yleldlng Iong_term Patient-led gurveillance (patient-performed teledermoscopy with 16 e et
: : . : dermatologist feedback) —  Non-English language
financial and clinical benefits. Telemedicine 13 Televisit 3
Individual surgical procedures (non-specific) 1,007 (n—3)
. Hysterectom 424
u Emel’glng fl’ameWOI’kS propose g CZtaract Surgyery-phacoemulsification-UK 181.8 * Waste management
linking clinical outcomes with ES S Catarac Surgery - phacoomuisfication- Hungary 190 ecareromenn Studies/R fREs (=)
. . % Cardiac surgery (e.g., single valve repair or replacement) 124.3 (R tudies eports o _
data to gl-“de teChnOIOgy adoptlon; % Cataract Surgery-phacoemuls?f?cation-Mexico 121 included in review Others (n_ 12)
but inconsistent metrics and = s pecemEeto b o
. . o ria .| ri a!onca eter ablation | : (n=75)
reportlng hlnder Comparablllty and Robotic staging procedure for endometrial cancer 40.3
. . *Heatmap created in Excel with color gradients based on sample mean and distribution. For varied units, only values and units are shown.
p O I | Cy a Ct | O n . **Ranges reflect cross-country differences in manufacturing, regulation, and efficiency.

Conclusions
e

= |ntegrating ES metrics into HTA enhances value-based decision-making by identifying opportunities for sustainable innovation and cost savings.

= Coordinated collaboration among providers, policymakers, manufacturers, and regulators is essential to avoid silos, prevent double counting, and ensure standardised methods.

= Embedding ESG principles within HTA and public procurement frameworks will drive the adoption of greener technologies and reduce GHG emissions.

= Future efforts should focus on assessing high-emission technologies (e.g., monoclonal antibodies) and expand beyond CF to include impacts on other domains such as water use, waste,
and biodiversity.

= Advancing these initiatives will make healthcare systems more environmentally sustainable and contribute to global climate and public health goals.
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