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ABSTRACT 

To date, the environmental impact of kidney transplantation has r ecei v ed m uch less attention than that of dialysis. 
Facilitating a pr e-empti v e transplant is pr oba b l y one of the most envir onmentall y friendl y interv entions av aila b le in 

kidney care, as it avoids dialysis, with its requirements for water and ener gy. Ho w ever, tr ansplant assessment also 

r equir es scrutiny, as it inv olv es a multitude of tests, often with duplication of tests and sometimes with little, if any, 
evidence ( e.g. cardiac testing of asymptomatic patients ) . Organ r etriev al often inv olv es air travel of either the organ or a 
surgical team, although more innov ati v e appr oac hes, suc h as drone tr ansport, are being tested. Transplant anaesthesia 
also has an environmental footprint linked to volatile substances. Surgical tray optimization is well esta b lished in other 
surgical specialties to reduce the effects of repeatedly sterilizing instruments that are only rarely used. Post-transplant 
patients have a lot of regular blood tests, and it is time we scrutinise those and find a better balance between safe care 
and environmental footprint. Virtual appointments have become much more common since the COVID-19 pandemic 
and we should use them where appropriate, for example in long-term care of sta b le transplant patients. Transplantation 

is a v er y r esear c h-oriented specialty, and this also has an envir onmental footprint that is amena b le to interv ention. In 

addition, our congresses and conferences have an environmental footprint, and it is for us to promote meetings with 

just as much learning and interaction but less trav el, w aste and energy use. The opportunities are there for us to take 
and our tips provide ideas for clinical teams to turn kidney transplantation into a showcase for excellent, safe and 

envir onmentall y friendl y car e in ne phr ology. 

Ke yw ords: clinical ne phr ology, gr een ne phr ology, innov ation, kidney transplantation, sustaina bility 
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NTRODUCTION 

he last decade has seen increasing interest in green 

e phr ology—br oadl y understood as improving the environ- 
ental sustainability of kidney care. This development was 

r ompted by incontr ov ertib le evidence of human-made cli- 
ate change and also by earlier interest in the environmental 

ootprint of other specialties [ 1 , 2 ]. However, so far the focus
as been v er y m uch on dialysis, and particularly in-centre 
aemodialysis, with its spectacular environmental footprint 
elating to water consumption and waste [ 3 ]. In comparison, the 
nvironmental footprint of transplantation has r ecei v ed m uch 

ess attention. This is surprising gi v en that transplantation 

s a dynamic field with constant innov ation. Furthermor e,
ising temperatures pose significant risks to kidney transplant 
ecipients due to their increased vulnerability to dehydration 

 4 ]. Finally, evidence has emerged to link pollution [ 5 ] and
dverse outcomes after transplantation. The move towards 
or e envir onmentall y friendl y healthcar e has met with an

mportant objection known as healthcar e exce ptionalism [ 6 ,
 ]. This objection makes the case that healthcare is different 
r om other ar eas because it pr ovides such an important role
hat should not be compromised by environmental concerns.
he question of just how much weight should be placed on 

his percei v ed ‘exce ptional’ status of healthcar e and to what
xtent it should be a barrier to attempts to introduce more 
nvir onmentall y sustaina b le appr oaches to healthcar e is an im-
ortant question for medical ethics [ 8 , 9 ] ( but beyond the scope
f this article ) . There remains an unobjectionable position that 
her e mor e envir onmentall y friendl y appr oaches ar e av aila b le
ithin healthcare , whic h have no ne gati v e consequences on

he quality of care, these should be adopted. What are these 
ppr oaches? Her e we aim to provide 10 practical tips to impr ov e
he environmental footprint of kidney transplantation. 

IP 1: CONSIDER THE ENVIRONMENTAL 

OOTPRINT OF TRANSPLANT ASSESSMENT, 
V OID UNNECESSAR Y TESTS AND REDUCE 

SSOCIA TED TRA VEL 

t is important to appreciate that transplant assessment and 

 aitlisting hav e a significant environmental footprint, particu- 
arl y wher e a transplant centr e cov ers a larg e g eographical area.
otential recipients and donors each undergo a variety of eval- 
ations and tests that range from basic laboratory tests and vi- 
ology to tissue typing and extensi v e car dio vascular workup and
ma ging. A r ecent anal ysis in the UK calculated that the carbon
ootprint of pr eoperati v e ev aluation for a potential living kid-
ey donor is 114.2 kg of carbon dioxide ( CO 2 ) [ 10 ]. This may not
ound like much but is equivalent to the CO 2 emissions from 

27 pounds of coal burned [ 11 ]. It should also be noted that not
ll potential li v e donors go ahead with donation. On the basis
f these n umbers, ev en a small transplant centr e ev aluating 100
otential donors per y ear w ould create 11 400 kg of CO 2 through

i v e donor workup alone—the equi v alent of 524 propane cylin-
ers used for home barbecues [ 11 ]. 

One av oida b le source of emissions is duplicate or unneces- 
ar y dia gnostic testing [ 12 ]. A study inv olving patients undergo-
ng g eneral surg er y pr ocedur es found that 75% of patients un-
erwent unnecessary blood w ork, gener ating 974 CO 2 equi v a- 

ents ( CO 2 e ) per patient [ 13 ]. Patients with CKD stage 5 who are
eing assessed for transplantation or re vie wed on the waiting 

ist often undergo duplicate investigations by attending their 
outine clinic appointments and preoperative assessments con- 
urr entl y [ 14 ]. Duplication often occurs when transplant cen-
r es ar e not pr ovided with r esults of pr e vious in vestigations
one elsewhere , suc h as electrocardiogr am or ec hocardiogr am,
nd simpl y r e peat these tests, as this is viewed as less cumber-
ome than trying to obtain those results. Eliminating duplica- 
ion through agreed clinical protocols and electronic informa- 
ion sharing ( with appropriate information governance ) can re- 
uce carbon emissions and increase patient satisfaction, while 
roviding a more streamlined transplant waitlisting pathway.
ardiac testing of asymptomatic low-risk transplant candidates 

s a good example of a testing approach that incurs a significant
nvironmental footprint with little evidence to justify it [ 15 ]. We
hould also r econsider r e peat testing while patients are seen as
art of an ann ual r e vie w on the transplant waiting list. Many
f these tests lack sufficient evidence, particularly in younger 
atients. As an example, the annual face-to-face re vie w of an
symptomatic 30-year-old patient with reflux nephropathy who 
s acti v e and works full time is unlikel y to be of any clinical bene-
t but will incur an environmental footprint. We would suggest 
hat transplant centr es r e vie w their policies for annual retest-
ng, especially in patients who are y oung, w ell and acti v e on the
aiting list, and that the kidney transplant community should 

evelop a clearer evidence base in this area for all patients. 
Travel accounts for most of the carbon footprint during pre- 

perati v e assessments [ 10 ] and reducing it is crucial to reduce
arbon emissions, e.g. by redesigning the transplant listing path- 
ay with coordinated single-day visits and la borator y testing 

nd imaging at local hospitals [ 10 ]. Yohanna et al. [ 16 ] describe
 good experience with the implementation of a 1-day assess-
ent for li v e donors. De pending on local infrastructur e and ac-

ess to resources, this could be facilitated in a day hospital or
hr ough similar ambulator y car e settings. A similar fr amew ork
 hange re garding preoper ative assessment for liver transplant 
anaged to reduce emissions from 618 to 179 kg CO 2 e per pa-

ient [ 17 ]. Similar data for recipient and live donor assessments
r e curr entl y lacking. Telemedicine pr ovides another av en ue to
 educe trav el for patients [ 18 ]. Alternati v el y, for patients r esiding
ar from transplant centres, deploying visiting clinicians can also 
educe the need for travel. In the future, remote sampling tech-
iques could also reduce the need for commuting. As an exam-
le, Neoter yx micr osampling ( Trajan Scientific, Ringwood, VIC,
 ustralia ) allo ws patients to generate a capillar y b lood sample
t home using a kit. This technology curr entl y allows for mea-
urement of serum creatinine and tacrolimus [ 19 ] but it is an-
icipated that this approach, or a similar technology, will also
llow measurement of other tests done as part of transplant 
ssessment, such as markers of infection, li v er function tests,
aemoglobin A1c and others. 

IP 2: REDUCE THE ENVIRONMENTAL 

OOTPRINT OF ORGAN RETRIEVAL, CONSIDER 

ONOR TRANSPORT AND EV ALUA TE THE USE 

F DRONES 

rgan r etriev al can inv olv e significant envir onmental impact r e-
ated to energy consumption, surgical equipment, waste gener- 
tion and travel [ 20 ]. In addition to the targets for environmental
mpact in theatres in general ( see Tip 4 ) , organ r etriev al has some
nique components. At present, algorithms for matching, re- 
rieval and organ allocation focus on distance and likelihood of a
uccessful transplant, but they do not take into account the envi-
 onmental footprint. Innov ati v e perfusion could impr ov e the en-
ironmental footprint of organ r etriev al [ 21 ]. Machine perfusion
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Figure 1: Velos helicopter-style drone used in a 100-mile organ drone run in southern Maryland. The craft is all electric, supports ≈20 kg and can reach speeds of 

50–70 mph depending on ambient conditions and payload weight. With kind permission from Dr J ose ph Scalea, Pr ofessor of Transplant Surger y, Charleston, SC, USA 
[ 20 ]. 

c  

i  

s  

f  

t
 

c  

a  

e  

f  

i  

I  

a  

c
 

(  

t  

i  

p  

b  

i  

i  

v  

l  

d  

b  

p  

p  

a  

t  

g  

i  

n  

q  

t  

l

T
T
E
W

W  

b  

m  

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/19/4/sfag073/8507227 by guest on 01 July 2026
an achiev e pr olonged pr eserv ation of solid organs, ther eby eas-
ng logistics [ 22 ]. Optimized logistics [ 23 ] with less critical time
cales in deceased donation can allow for more environmentally
riendl y w ays of transport. Mor e widespr ead use of local surgical
eams for r etriev al would also help in this regard. 

In li v e donor ( LD ) transplantation, donors’ commute also
ontributes. One study in split LD li v er transplantation r ev ealed
 carbon footprint of 815 mT of CO 2 for a cohort of donors from
arly 2020 to autumn 2021 [ 24 ]. Options to reduce the carbon
ootprint of organ transport include the use of road transport
nstead of short flights and standard flights instead of charters.
t may also be possible to move donors to local r etriev al centr es,
nd specialised donor care units have become the standard of
are in deceased donation in the USA [ 25 ]. 

Transport of organs with drones is another exciting option
 Fig. 1 ) [ 26 ]. Drone use could reduce the environmental footprint
hr ough av oidance of charter or helicopter flights or by facilitat-
ng organ transport on a commercial flight with onward trans-
ort via drone . How ever, most studies currently focus on feasi-
ility and safety, not on environmental benefit. A study in Dorset,

n the UK, on drone transport of pathology samples showed an
mpr essi v e decr ease in CO 2 emissions compar ed with transport
ia van [ 27 ] and it is likely that drone transport of organs will de-
i v er a significant environmental benefit [ 28 ], although precise
ata are still lacking. Outside transplantation, the transport of
 lood pr oducts via dr ones in Rw anda is perhaps the onl y exam-
le of drone use in medicine at scale [ 29 ]. In comparison, trans-
ort of organs is m uch mor e difficult gi v en the tight time scale
nd consequences if transport fails. It is ther efor e not surprising
hat pilot studies have used custom-built drones with two en-
ines and not a commercially available type of drone [ 26 ]. There
s also a lot more work to do in terms of regulation and gover-
ance [ 28 , 30 ], and transport of organs via drones will likely re-
uire not just further extensi v e testing and the esta b lishment of
echnical standards but also changes in national laws and regu-
ations. 

IP 3: PROMOTE PRE-EMPTIVE 

RANSPLANTATION TO REDUCE THE 

NVIRONMENTAL FOOTPRINT ASSOCIATED 

ITH DIALYSIS 

hile the carbon footprint of kidney transplantation has not
een fully c har acterized, the burdensome role of dialysis treat-
ents is well described [ 31 , 32 ]. Pr e-empti v e transplantation is
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her efor e a potent solution in reducing carbon emissions. Life- 
ycle assessments suggest that transplantation may reduce car- 
on emissions by 95% and 90% compared with haemodialy- 
is and peritoneal dial ysis, r especti v el y [ 32 , 33 ]. Each success-
ul kidney transplant has been estimated to save 2.0–3.6 tons 
O 2 e per year compared with continuing dialysis [ 26 ]. Despite 
r e-empti v e transplantation’s benefits, onl y 4% of Eur opean pa-
ients’ initial renal replacement therapy is a kidney transplant 
 34 , 31 ]. To expand pr e-empti v e transplantation, system-lev el
ctions are required aimed at promoting earlier referral, better 
onor identification and coordinated m ultidisciplinar y car e [ 35 ].
i ving-donor pr ograms pr ovide a str ong opportunity for incr eas-
ng pr e-empti v e tr ansplantation r ates, improving outcomes and 

 educing the n umber of patients de pendent on dial ysis [ 30 ]. In-
ernational str ate gies including matc hing progr ams, awareness 
ampaigns, outr each to r egional clinics and primar y car e edu-
ation are instrumental in inte gr ating pre-emptive transplan- 
ation pathways [ 35 ]. What is clear is that pr e-empti v e trans-
lantation reduces the environmental footprint of care through 

v oiding dial ysis [ 32 , 34 ]. Others hav e speculated that the en-
ironmental impact of transplantation may follow the same 
ourse as that of cost, with high cost and environmental im- 
act early and savings later on [ 12 ]. Further resear c h is needed
o quantify the environmental benefit of pr e-empti v e trans- 
lantation with a more detailed assessment of the preopera- 
i v e , intr a-oper ati v e and postoperati v e pathw ay of donors and
ecipients and their environmental footprint compared with 

ialysis [ 12 ]. 

IP 4: REDUCE WASTE DURING TRANSPLANT 

URGERY, CONSIDER TRAY OPTIMIZATION 

ND PROMOTE VIRTUAL CROSS-MATCH 

perating theatres are resource-intensive environments and 

ontribute significantly to the environmental impact of care [ 36 ,
7 ], using as much as six times the energy as the rest of the hos-
ital and producing 50–70% of the waste [ 38 ]. The environmental 

mpact of theatres also relates to equipment and water use. The 
nter colle giate Green Theatre Checklist in the UK [ 39 ] describes
vidence-based guidance to address these factors, from surgi- 
al pr e paration thr ough to postoperati v e car e. Smart energy ap-
r oaches ar e also crucial to reducing the carbon footprint of the-
tres and simple changes to heating and v entilation hav e been 

hown to cut energy consumption by 30% [ 40 ]. Over time, sur-
ical trays accumulate instruments for rare scenarios [ 41 ] and 

ar ge, o verfilled trays increase the material and energy inv olv ed
n w ashing, packa ging and autoclaving [ 42 ]. A systematic ap-
roach to re vie wing surgical tra ys in transplant theatr es can r e-
uce the carbon footprint significantly and also impr ov e cost 
nd staff satisfaction [ 43 ]. The principles of r educe, r euse and r e-
lace can be applied extensi v el y in transplant theatres without 
ompromising patient safety. While in vitro physical cross-match 

as been the gold standard for decades, advancements in hu- 
an leucocyte antigen identification and molecular typing now 

ermit ‘virtual’ cross-matching ( VXM ) with a v er y high degr ee 
f safety and reduction in cold ischaemic time [ 44 ]. A recent col-

a borati v e document fr om the USA confirms that VXM is gaining
r action, although c hallenges r emain [ 45 ]. Gi v en the time, la bour
nd la borator y impr ov ements associated with VXM, it should be
onsidered for as many patients as possible. Centres can learn 

r om mor e innov ati v e peers wher e the majority of transplants
re performed with VXM and physician cross-matching is re- 
erved for selected cases [ 46 ]. National benchmarking of the 
mount of VXM use in each centre should be encouraged to aid
mpr ov ement in this area. 

IP 5: CONSIDER THE ENVIRONMENTAL 

OOTPRINT OF ANAESTHESIA AND REDUCE 

HE USE OF VOLATILE AGENTS 

s ne phr ologists, we do not often consider this aspect of the
nvironmental footprint of each kidney transplant. In the UK,
naesthetic gases account for 2% of all emissions caused by 
he National Health Service ( NHS ) , which equates to 2.5% of
lobal anaesthetic greenhouse gas emissions [ 47 ] ( Fig. 2 ) . Volatile
naesthetics have varying global warming potentials ( GWPs ) , al- 
hough m uch pr ogr ess has been made already by the r emov al
f desflurane ( 100-year GWP 2540 ) from the NHS form ular y and
radual decommissioning of piped nitrous oxide ( 100-year GWP 
10 ) . Volatile gas capture and recycling are still in their infancy,
ut this approach represents another interesting option to re- 
uce the environmental impact of volatile anaesthetics [ 48 ]. In
omparison, total intravenous anaesthesia ( TIVA ) with propo- 
ol is generally seen as less problematic, but there are concerns
round the plastic waste from the consumables used in TIVA 

 49 ]. Taking this into account, recent modelling that includes all
rugs and consuma b les suggests that for the first 22 minutes the
arbon footprint of a median consumption sevoflurane anaes- 
hetic was lower than for TIVA but beyond the first 22 minutes,
or ev er y hour of anaesthesia TIVA’s carbon footprint increased
y 0.04–0.6 kgCO 2 e compared with 4.01 kgCO 2 e for sevofluorane
 50 ]. 

IP 6: THINK ABOUT THE CARBON 

OOTPRINT OF PROFESSIONAL 

EVELOPMENT AND SCIENTIFIC MEETINGS 

ac h y ear, tr ansplant pr ofessionals meet at r egional and na-
ional meetings and also come together for several international 

eetings, with the American Transplant Congress ( ATC ) firmly 
sta b lished as the most significant scientific meeting. To our
nowledge, the environmental footprint of the ATC is currently 
nknown but other congr esses hav e been examined in quite
ome detail [ 51 , 52 ]. The 2023 European Renal Association ( ERA )
ongr ess w as estimated to pr oduce 5808 tons of CO 2 through
ir tr avel alone , an equi v alent to 356 cars driving the distance
f the Earth’s circumference [ 53 ]. More granular detail on the
nvironmental footprint of such congresses is currently emerg- 
ng and the subsequent 2024 ERA congress was estimated to 
roduce 17 732 tons of CO 2 emissions [ 54 ]. The difference in
he 2023 meeting in Milan may be explained at least in part by
he more central European location of the latter, an effect that
as also postulated for American Thoracic Society congresses 

n San Diego compared with Toronto [ 55 ]. It is important to ac-
nowledge that accommodation, local tr ansport, waste , cater- 

ng and materials also have an effect, thus providing oppor- 
unities for intervention. Scientific organisations, such as the 
RA, have begun to scrutinise all aspects of their congresses 
n this respect, ranging from public transport to the provision
f food and heating/air conditioning of the congr ess v en ue. As
 profession, we should start a period of cr eati v e thinking, be-
ome more transparent about the environmental footprint of 
ll of our educational activities [ 56 ] and aim to reduce that
ootprint [ 57 ]. 
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Figure 2: Capture and process options for anaesthetic gases, based on current estimates [ 1 ]. 
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IP 7: REDUCE UNNECESSARY AND 

UPLICA TE LABORA TORY TESTS DURING 

RANSPLANT AFTERCARE AND PROMOTE 

ESTING CLOSE TO HOME 

nnecessary testing and duplication are common features of
edical practice across all specialties, often caused by a lack of

nter opera bility of electronic health records [ 58 ]. Post-transplant
are is no exception. Testing for polyomavirus is a good example
f potential ov ertesting, and r ecent guidelines [ 59 ] highlight the

ack of evidence for frequent testing, and particularly for the fre-
uency with which screening tests should be done in patients
ith sta b le transplant function. Duplicate testing r egularl y oc-

urs in many healthcare systems where the clinical responsi-
ilities are not clearly defined—e.g. a general practitioner or in-
ernist or local ne phr ologist may test the kidney function only
or it to be r e peated by the transplant centre. It is upon us as a
ransplant community to take on this c hallenge , reassess what
evel of routine tests is required and produce guidelines to min-
mise this issue. Clear delineation of responsibility for results
an help further. 

Testing closer to home is a key opportunity for environmen-
al impr ov ement but r equir es infrastructur e and funding. Ensur-
ng patient travel is minimised for preclinic tests ( doing them
t the patients’ nearest health centre ) while making sure all
he right tests are done, and that the results are available to
he transplant specialist at the correct time for remote re vie w,
ould significantly impact the environmental footprint of post-
r ansplant care . Testing from home with a capillary blood test
or tacr olim us and serum cr eatinine is also alr eady av aila b le [ 60 ]
nd early experience is positive [ 19 ]. More widespread use of this
echnology is curr entl y hamper ed by the cost of this approach,
hich includes not only the costs of the kits and implementa-

ion in local laboratories but also those caused by the additional
nfr astructure , e .g. through stor age and sending out the kits. 
IP 8: OFFER VIRTUAL APPOINTMENTS FOR 

OUTINE FOLLOW-UP AND DEVELOP VIRTUAL 

A TIENT EDUCA TION EVENTS 

irtual consultations ar e incr easing ov erall, with a third of all
ppointments in primar y car e carried out r emotel y in the UK
 61 ]. Video consultations are generally very safe in transplant
fter care , especially where there is provider continuity. These
re ideal for stable patients after the first year post-transplant.
owever, risks of virtual consultations are also real [ 62 ], per-
aps especially when an acutely unwell patient is assessed vir-
ually by a clinician who has not seen that patient before. It is
her efor e v er y important to retain the option to call a patient in
or a face-to-face appointment when r equir ed [ 62 ]. Our trans-
lant patients incr easingl y use virtual and online services in
ther aspects of their li v es, e.g. when they appl y for a mort-
age or discuss findings after they have taken their car in for
ervice, and this leads to a growing expectation that at least
 part of their healthcare is also available remotely. In addi-
ion, many transplant patients work, often full time, so conve-
ience is another big adv anta ge of video consultations, partic-
larl y wher e patients comm ute long distances to attend out-
atient clinics face to face. Moore et al . [ 18 ] estimated a reduc-
ion in CO 2 output of 11 718 kg in 2 years when converting rou-
ine appointments from face-to-face to video in a renal cen-
r e cov ering a larg e g eographical ar ea. The effect is likel y con-
idera b l y smaller in centres with smaller or urban catchment
reas. 

It is important to note that digital processes also have an
nvironmental footprint [ 63 ] and to provide care options for
atients who are less tec hnology liter ate [ 64 ]. Access to labo-
atory tests and imaging across the catchment area are also
mportant pr er equisites for widespr ead use of remote consul-
ation and a lack of such access is a major hurdle in some
ountries, especiall y wher e la borator y medicine is pr ovided by



6 M. Welberry Smith et al .

Table 1: Suggested key performance indicators and characteristics of an environmentally friendly transplant program in 2035. 

All aspects of the transplant pathway are mapped in terms of their environmental footprint. 
Wher e possib le and envir onmentall y adv anta geous, dr ones ar e r outinel y emplo yed in or gan r etriev al and transport. 
All letters are sent out electronically and QR codes for web-based patient information are available to reduce printing of leaflets. 
TIVA is the default for transplant anaesthesia. 
The surgical pathway has been addressed using tray optimization. 
All teams have a continuing professional development carbon budget and there is a conscious effort to war ds virtual meetings where possible. 
There has been a conscious effort to reduce duplicate and low-value laboratory tests, such as urine culture for asymptomatic transplant 
patients. 
The tr ansplant progr am has named sustainability champions in transplant ne phr ology, transplant surger y and in the anaesthetic department. 
Virtual follow-up appointments are offered where clinically safe , e .g. for routine long-term follow-up of stable patients. 
The environmental footprint of all transplant resear c h is in the public domain. 
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 ultiple commercial pr oviders. Furthermor e, it is worth con- 
idering where patients will do their blood tests for clinic ap- 
ointments if they are to be seen in video consultations. In- 
ov ati v e appr oaches with either point-of-car e kits at home
r through home-based blood sampling have been described 

 60 ]. 
Patient information events can also be done virtually, and 

ome dedicated video consultation platforms, such as Atten- 
Anywhere, offer functionality for group meetings. Platforms 
uch as Zoom or Teams are also suita b le. It is important to note
hat conducting such group meetings r equir es good planning,
.g. to avoid patients unintentionally sharing confidential and 

ersonal information. Providers should consider written con- 
ent and a short code-of-conduct leaflet sent out in advance of 
he event. 

IP 9: CONSIDER THE CARBON FOOTPRINT OF 

RANSPLANT RESEARCH 

v erall, r esearch often r ecei v es v er y little, if any, attention when
he environmental footprint of medicine is scrutinised. A 2023 
urvey confirmed that even in newly initiated resear c h projects 
reenhouse gas emissions are often ignored during the planning 
hase [ 65 ]. The carbon footprint of clinical trials and of labora-
or y r esear c h is consider a b le. A 2023 study into the carbon foot-
rint of two clinical trials in cancer resear c h suggested that the
wo trials provided 72 tonnes and 89 tonnes, r especti v el y [ 66 ].
owev er, ther e is also reason to be optimistic and hope for a
or e sustaina b le r esear c h landscape . A recent study described

avings of 136 tonnes of CO 2 e simply through the use of vir-
ual meetings and innov ati v e data collection [ 67 ]. Interviews of
tudy participants through telemedicine may be possible , e .g.
or follow-up visits where physical examination or venepunc- 
ur e ar e not r equir ed. A joint confer ence between the Medical
esear c h Council, NHS and National Institutes of Health [ 68 ] re-
ulted in a sector-wide Concordat for the Environmental Sus- 
ainability of Resear c h and Innovation Pr actice [ 69 ], covering all
spects of environmental sustainability. We suggest that all new 

rials in ne phr ology should start collecting data on their environ- 
ental footprint and that data should be shared and part of the 

ublication. Reducing emissions from travel is an easy win when 

t comes to both individual and group action. Sustainable pro- 
urement should be the norm, prioritising reducing or avoiding 
nvironmental impact. The opportunity for nephrology resear c h 

o show leadership and ambition in deli v ering on envir onmen- 
al sustainability is there for the taking and we suggest sharing 
est practices [ 69 ]. 
IP 10: REVIEW ALL CLINICAL PA THW AYS 

ND USE TRANSPLANTATION AS A 

HOWCASE FOR EXCELLENT 

NVIRONMENTALL Y FRIENDL Y CARE 

idney transplantation is well placed to provide a showcase for 
ow high-quality care can be delivered in an environmentally 

riendl y w ay and use clinical pathways that are amenable to
tandar disation. As abo ve, one good example is cardiac workup,
here the kidney transplant community should work coopera- 

i v el y to reduce unnecessary cardiac testing and produce safe,
vidence-based pr otocols. Unnecessar y cardiac testing without 
vidence not only adds to the environmental footprint of care 
ut also causes extra costs and delays timely transplant waitlist-

ng, with an obvious effect on pr e-empti v e tr ansplant r ates and
urvi v al [ 15 ]. Rev ersing this tr end with attention to functional
ssessments ( 6-min ute w alk tests, Duke Activity Scoring Index 
se [ 70 ] and frailty [ 71 ] ) can impr ov e clinical pathw ays and en-
ir onmental sustaina bility sim ultaneousl y. Recent work by the
K Living Kidney Donor Network and the Centre for Sustainable 
ealthcare has showcased the development of tools to impr ov e
nvir onmental sustaina bility in clinical car e pathw ays in trans-
lantation, with a specific focus on living kidney donor workup 

 10 ]. UK application of this toolkit has rapidl y r ev ealed ov erlap
ith quality impr ov ement, generating sev er al w orkstreams of

mpr ov ement in one UK pilot r egion ( Yorkshir e and the Humber )
lone and providing a model for sustainability quality improve- 
ent tools that are needed in transplantation as a whole. This is

n area that should be prioritised for funding and development.
Pathw ay anal ysis should be the norm for all transplant pro-

rams, and this should lead to a rolling scheme of regular anal-
sis and impr ov ement, e.g. ev er y 3–5 years ( Ta b le 1 ) . This ap-
r oach ena b les services to identify ar eas of poor pr actice , reduce
aste and unnecessary travel through testing and increase pre- 

mpti v e and li ving kidney donor transplantation, aiming for a
ervice that deli v ers excellent car e that is evidence-based, cost-
ffecti v e and best for the environment. 

ONCLUSIONS 

ialysis and many other areas of nephrology are increasingly 
iewed through the lens of green nephrology. Now is the time for
ransplantation to follow. We would like to suggest that there is
oom for kidney transplantation to not just catch up with other
reas of our specialty but to surpass them and become a show-
ase of green nephrology and a beacon of hope for other sim-
lar fields of medicine. The use of innov ati v e technology and a
ommitment to pr oacti v e service dev elopment ar e key featur es
f solid organ transplantation. These attributes should help in 



10 tips to turn kidney transplantation green 7 

Figure 3: 10 tips to impr ov e the environmental footprint of transplantation. 
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ur next endeavour: to turn transplantation green. Our prime fo-
us as clinicians remains to safely transplant as many patients
s possible, but this is not a contradiction of our commitment
o more environmentally sustainable transplant nephrology. We 
av e to mov e aw ay fr om the conce pt that car e can onl y be either
xcellent and safe or envir onmentall y friendl y, which wr ongl y
uggests conflict between these things. What we r eall y need to
nd instead is the ‘sweet spot’ where improved environmental
ootprint aligns with excellent and safe care. Our 10 tips r e pr e-
ent a mix of what is already doable and what is possible in the
ear and mid-term future. Some of our suggestions, such as the
se of drones ( Tip 1 ) , capillary blood sampling at home ( Tip 7 )
nd video consultations ( Tip 8 ) for routine transplant aftercare
ill r equir e mor e work and also funding and input fr om m ultiple

takeholders before they can be implemented as part of clinical
outine . Others, how ever, are largely within our grasp as a trans-
lant community: as teams, we can decide to stop asking for

ow-value or harmful tests as part of waitlisting ( Tip 1 ) , optimise
urgical trays ( Tip 4 ) and attend as many meetings as possible
irtually ( Tip 6 ) . We hope that our 10 tips ( Fig. 3 ) will be used,
hared and improved further by others in the field. 
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