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Scope 1 & 2 emissions Scope 3 emissions



Medical goods and the operating theatre



The operating theatre

• Operating theatre most resource intensive area 
of hospital
– 21-30% of total waste
– 3-6 times higher energy consumption

• Typical operation is 150-170 kg CO2
= driving from London to Edinburgh in a petrol car

• Hotspots (from our systematic review)
– Energy use
– Anaesthetic gases
– Consumable equipment

MacNeill et al.  Lancet Planet Health 1(9):e381–8 
Rizan C et al. Annals Surgery 2020; 272(6): 986-995



Proportional contribution to CO2

Tonsillectomy Knee 
arthroplasty

Laparoscopic 
cholecystectomy

Carpal tunnel 
decompression

Production single-use equipment
Decontamination
Waste

68% of carbon of products used 
is due to single use products



Rizan C et al. Annals Surgery 2020; 272(6): 986-995

Carbon footprint of different approaches to hysterectomy



Carbon footprint of cataract in different settings

Cataract operation 
in UK = 182 kg CO2

Cataract operation 
in India = 6 kg CO2

Rizan C et al. Annals Surgery 2020; 272(6): 986-995 

Highly efficient systems

Reuse of equipment

Lower rates of infective 
endophthalmitis



Market dynamics of medical goods



supplier

consumeruserpayer

Smith BD. Brand Therapy. 2018: Practical, Inspiration Publishing
https://www.drugwatch.com/manufacturers/

Low 
cost/complexity 

products 
(high volume)

High 
cost/complexity 

products

$300bn industry



High cost products

• Complex and multicomponent
– High embedded carbon
– Recycling difficult or impossible, and of low priority

• Restricted or limited number of uses
– Regulatory restrictions on reuse / infection
– Economic drivers



Low cost: free market economics



Low cost: free market economics

https://blogs.ncl.ac.uk/alexhughes/files/2021/07/Forced-Labour-in-the-Malaysian-Medical-Gloves-Supply-Chain-Full-Report-July-2nd-2.pdf



Low cost: outsource production















www.modernslaverypec.org

Source: Forced labour in the Malaysian medical gloves supply chain during the 
Covid-19 pandemic report. The research surveyed 1,491 workers in Malaysia. 

The project collaboration was led by Newcastle University and involved Brighton & 
Sussex Medical School, Impactt Limited and the Rights Lab at the Nottingham 
University. It was funded by the Modern Slavery and Human Rights Policy and Evidence 
Centre (the Modern Slavery PEC) via the UK Arts and Humanities Research Council. 

47% felt unable to 
leave their 

employment due to 
contractual or other 

restrictions

43% workers took out a 
loan to pay recruitment fees, 

averaging over $2,000, 
which took 11.7 months 

on average to repay

31% reported that 
their recruitment 

agency threatened 
them to not speak 

about recruitment fees

57% reported their 
passports were withheld by 

a recruitment agency 
and/or broker during 

processing job applications

Workers worked an 
average of 

12 hours a day

6% reported that 
they have 

experienced or 
witnessed physical 
or sexual violence

51% reported 
congested 

accommodation

50% do not have 
access to medical 
facilities with free 

treatment

10% reported 
receiving no days off 
on average in the last 

three months, 
31% had just one day 

off per month

Issues reported by workers in the 
Malaysian medical gloves industry
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Country of origin
ITUC ranking ≥4

42%

All health contracts SE Norway: 2015-16
(>29,000 items)

45% data 
unavailable



Reuse



Reuse has lower financial and carbon costs

• Example
– Single use scissors: 835g CO2e/use, £4.26/use
– Reusable scissors: 64g CO2e/use, £1.43/use

• Systematic Review: 22 studies of single use versus reusable 
surgical or anaesthetic equipment, all but 2 favour reuse

• Experience suggests in almost all cases reuse saves money

Rizan C et al, in press
Drew et al, 2021



Why is everything disposable?

• At the point of use
– Perceived or uncertain risk of infection
– Convenience / lack of relevant infrastructure

• System challenges
– Regulatory challenges
– Financial structures that support a linear economy
– Lack of guidance on infection risk



Infection risk: precipitating circumstances



Precipitating circumstances: surgical instruments

J Hosp Infect, 2001: 48; 180, Quintessence Int 1998 29:231, Inf Control Hosp Epidem 2010; 31: 107
J Clin Neurosci 2013;20:1207; J Hosp Infect, 2014: 88; 127 

Inconsistent or inadequate 
sterilisation

CJD prion disease

1990s



Precipitating circumstances : surgical instruments

2020s

Robust decontamination & 
sterilisation

Standards and quality 
assurance

HTM 0101



Precipitating circumstances: surgical textiles

“Drapes and gowns must be made of impervious materials. Thin 
cotton drapes and gowns have no place in orthopaedic surgery”

2014 Consultant Advisory Book

• Knee arthroplasty (>80,000 per annum)
– 11 drapes/gowns, 14.5kg CO2 = driving around 72 miles in an average UK car

• Carpal tunnel (>45,000 per annum)
– 3 drapes/gowns, 5.8kg CO2 = driving around 21 miles in an average UK car



Precipitating circumstances: surgical textiles

• Single use: typically non-woven 
petrochemicals (plastic) made overseas

• Reusable: typically woven high-density 
petrochemicals, reused 75 times 

• cotton is obsolete

• Re-useable textiles have typically less 
than one-third carbon of disposable



Precipitating circumstances: surgical textiles

• All health textiles must meet EN13795 standards throughout 
the lifecycle

Liquid penetration Microbial penetration



Precipitating circumstances: surgical textiles

Tensile strength
4x higher with reusable

10x higher if wet

Burst
10x lower with reusable

Linting (particle release)
8x lower with reusable



Precipitating circumstances: surgical textiles

Robust decontamination & 
sterilisation

Standards and quality 
assurance

HTM 0104



Infection risk: Perpetuating factors



Gloves: personal misconception

• Glove volumes
– >1.7 billion/annum in NHS prior to the pandemic, 

single-use plastic
– If placed end to end would almost stretch to the moon

• Most glove use (2/3rds) is inappropriate
– Only required when expected contact with potentially 

infected bodily fluids or broken skin
– Inappropriate use may be perpetuated by individuals, 

hospitals, or even government



Ear microsuction: institutional misconception

• >330,000 procedures performed in England 
per year (HES data)

• Large variation in practice in the  equipment 
used

85 fold 
increase 
in carbon



Skin contact: institutional misconception

• Single use tourniquets, blood pressure cuffs
• Single use pulse oximeters (USA)
• Single use door handles

PLoS One. 2012;7(10):e40171



Tracheostomy tubes: regulatory restrictions

• Becomes an indwelling device after 28 days so must be 
replaced



Endoscopes: financial drivers?

“The single-use rhinolaryngoscope
eliminates the serious potential risk of 
prion transmission in ENT endoscopy”

Mistry et al, 2020
cambridge.or

g/jlo
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Abstract

Backgrou
nd. This

study investigat
ed whether

the single-use
rhinolary

ngoscope
is clinical

ly

and economically comparable to the conventio
nal reusable

rhinolary
ngoscope

within a

tertiary otolaryng
ology centre in

the UK.

Methods. A
non-blind

ed, prosp
ective and

single-arm
evaluation

was carrie
d out over a

5-day

period, in
which micro-costi

ng was used to compare single-use
rhinolary

ngoscope
s with

reusable r
hinolaryn

goscopes.

Results. O
verall, 68

per cent o
f the inve

stigators p
erceived the single

-use rhino
laryngosc

ope to

be ‘good’ or
‘very good’, wh

ile 85 per cent
believed the single-use

rhinolary
ngoscope

could

replace the reusa
ble rhino

laryngosc
ope (n =

59). The
incremental cost

s of reusa
ble rhino

lar-

yngoscop
e eyepieces

and videoscop
es in the out-patien

t clinic, w
hen compared to single-

use rhinolary
ngoscope

s, were £30 and £11, resp
ectively. T

he incremental cos
ts of reusab

le

rhinolary
ngoscope

eyepieces
and videoscop

es in the acute surgical a
ssessment unit,

when

compared to single-use
rhinolary

ngoscope
s, were −£

4 and −£73, resp
ectively.

Conclusi
on. The single-use

rhinolary
ngoscope

provides
a clinicall

y comparable, a
nd poten-

tially cost-minimising, alte
rnative to the reusable

rhinolary
ngoscope

for use in the acute

surgical a
ssessment unit o

f our hos
pital.

Introduc
tion

Endoscop
y allows f

or the en
hanced visualisat

ion, inspe
ction, manipulatio

n and treatment

of internal o
rgans or tissues, w

ithout the need for an incision.
1 The endoscop

e has

revolution
ised otolaryng

ology by virtue of
its ability

to directly visualise
the nose,

throat

and airway, in
an emergency,

in-patien
t or out-patien

t setting. T
here are a range of

indication
s for the use of an endoscop

e in otolaryng
ology, bo

th in emergencies
and

non-emergencies
, includin

g airway o
bstruction

, foreign body rem
oval, hoar

seness, gl
obus

sensation
, recurren

t epistaxi
s, cancer

surveillan
ce, evalua

tion of obstru
ctive sleep

apnoea,

fibre-end
oscopic evaluation

of swallo
wing, and

assessment and treatment of vo
cal fold

lesions.
2

In current p
ractice, o

nce an endoscop
e has been utilised on a single patient, i

t is

required to underg
o reproce

ssing, as r
equired by the He

alth and Social Ca
re Act.

3,4 If con-

taminated, fl
exible endoscop

es pose a moderate degree of infecti
on risk, and

therefore

require ‘h
igh-level

disinfecti
on’ to eliminate vege

tative bac
teria, mycobacter

ia, fungi
and

viruses. T
he importance

of this pr
actice is u

nderpinn
ed by the emergence o

f multi-drug

resistance
, and organism

s such as mycobacter
ia, bacterial

spores, Creutzfel
dt–Jakob

disease (CJD) and variant C
JD.

5 Accordin
gly, the 2015 risk assumptions put forwa

rd

by the UK Advisory
Committee for Dangerou

s Pathogen
s and Health Technica

l

Memorandum
01-01 recommend that if a patient with an undiagno

sed neurologi
cal

illness undergoe
s an invasive

endoscop
y, where

variant CJD cannot be excluded,
or

where the sub-classi
fication of CJD infection

is still pend
ing, then

it is necessary
to

place the
device in

to temporary quarantin
e.5

,6 Unless th
e potentia

l variant
CJD contam-

ination can be subseque
ntly rescinded

, then the quarantin
ed endoscop

e cannot be

returned
to normal use on

other pat
ients.

5,6

ENT UK provides
national

guideline
s for endoscop

e decontam
ination.

7

Decontam
ination can take the form of chemical deco

ntamination (e.g. wipe
systems

such as chlorin
e dioxide

) or centr
al decont

amination systems. Chemical decon
tamination

is less exp
ensive bu

t is deem
ed an inferior m

ethod of decont
amination.

7 Central d
econ-

tamination has a higher co
st, and ENT UK guideline

s state that hosp
itals consideri

ng

central de
contamination models sho

uld be aware of the significan
t cost im

plications
of

such models. While the risk of cross-i
nfection

and harm remains low,
the conseque

nce

of prion transmission remains a ser
ious pote

ntial risk.
ENT UK concurs w

ith the advic
e

© The Auth
or(s), 202
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ttp://

creativeco
mmons.org/li

censes/by
/4.0/), which permits unrestrict

ed re-use, distributio
n,

and reproduct
ion in any medium, provided

the origin
al work is properl

y cited.

�''$&���***���!�%�����#%���#%��'�%!&���''$&����#��#%�����������������
�������
�

�#*" #������%#!��''$&���***���!�%�����#%���#%���������%�&&�����

������	��#"�����#)�������'��	��������&(����'�'#�'�����!�%������#%��'�%!&�#��(&����)�� �� ���'

“there are no known cases of vCJD
being transmitted by surgical 
instruments or endoscopes”

Health Technical Memorandum 01-06



Electrosurgical products: financial drivers?

Sterility is quality assured
Failure rates are less than those of new products

USA in 2020 >31 million devices were remanufactured



Questions



Questions

• Healthcare staff attitudes and behaviours towards reuse
– Preliminary work started (MRC Grant)

• Perceived infection risk
– Infection control guidance (Prof Jennie Wilson)

• Infrastructure and architecture of healthcare
– Enabling infrastructure such as sterilisation and laundry
– Cost including annualized budgets

• Industry perspectives
– Regulatory restrictions
– Economic models of purchase and supply (servitisation)


