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Green Nephrology — the role of telemedicine and electronic patient reported outcomes

Chronic Kidney Disease (CKD) affects over 9% of the global population and is a public health
priority (Bikbov et al. 2020), with significant numbers of individuals developing CKD as a
consequence of one or more long-term conditions, such as diabetes or hypertension
(Kovesdy 2022). Healthcare and societal systems are under increasing strain from the
growing burden of managing patients with these long-term conditions; experiencing rising
treatment costs, and workforce shortages (House of Commons Health and Social Care
Committee 2022). Additionally climate change is increasingly affecting all aspects of human
life, including the incidence and distribution of kidney diseases (Barraclough and Agar 2020;
Rajan et al. 2022). Paradoxically the treatment of kidney diseases, particularly dialysis, has a
significant environmental impact; utilising large amounts of energy and water with
considerable waste generation. (Piccoli et al. 2020). Emissions of 3.8 tonnes per carbon
dioxide equivalent (COze) per patient per year were calculated in a study of thrice-weekly in-
centre dialysis (Connor et al. 2011a); a figure more than seven times the mean per patient
carbon footprint in UK healthcare (Brown et al. 2012). The environmental impact associated
with transportation is also high, fluids for peritoneal dialysis are often transported long
distances to point of care (Barraclough and Agar 2020), and while for other areas of
specialist kidney care there are no accurate estimates of environmental impact, for
transplantation, immune mediated disease, and advanced kidney care, these are likely to be

substantial.

In 2019 the overall carbon emissions for the NHS in England was reported as 25-:0 mega

tonnes of COe, with 10% of these emissions directly associated with travel (Tennison et al.
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2021). In July 2022, the NHS became the first health system to legislate for net zero
emissions targets (NHS England 2022). The plans to deliver net zero include targets for i)
emissions directly controlled by the NHS and ii) emissions that can be influenced including
those from patient and visitor travel to and from NHS services. Given the disproportionate
environmental impact of specialist kidney care, the Green Nephrology Network was
established in 2009 as part of the NHS Sustainable Healthcare programme (Barraclough and
Agar 2020). Following a survey of attitude and practice patterns in UK Renal units on water
use, power management, waste recycling and staff beliefs (Connor and Mortimer 2010),
practice changes were proposed including the use of reverse osmosis water and plastic cap
recycling and retro-fitting heat exchangers (Agar 2015; Connor and Mortimer 2010). More
recently, a Sustainable Kidney Care Committee has been set up within the UK Kidney
Association (UKKA), in partnership with the Centre for Sustainable Healthcare and the
Sustainable Healthcare Coalition. The aim of this is to develop and implement a framework
to support UK renal services to meet the NHS net zero goal by encouraging action for

sustainability (UK Kidney Association (UKKA) 2022).

The role of telemedicine

The utility of telemedicine has been identified as a priority area for green nephrology
research (Barraclough and Agar 2020). Telemedicine is the use of digital information and
communications technology to provide and support healthcare remotely (Omboni et al.
2022). The feasibility of telemedicine was demonstrated during the COVID-19 pandemic
when there was widespread adoption (Lew et al. 2021; Stauss et al. 2021). Separately, there

is evidence that telemedicine reduces the healthcare carbon footprint, particularly through

Page 2 of 10



reduced transport emissions (Morcillo Serra et al. 2022; Purohit 2021). Studies estimate

savings range between 0.70—-372 kg CO.e per consultation (Connor et al. 2011b; Purohit

2021). However, these savings were highly context specific; for example, video-conferencing

uses more energy than telephone systems (Purohit 2021). Savings were also dependent on

factors such as medical specialty, geography and travel time: with greater specialisation

correlating with increased savings from reduced travel, likely as tertiary centres covered

larger catchment areas (Purohit 2021). This could be of particular relevance to renal care.

Telemedicine may also offer benefits additional to carbon savings (see Table 1).

Table 1: Proposed advantages of telemedicine

Care delivery by telemedicine

Potential advantages

Teleconsultation for outpatient visits

e Reduced COze travel and facilities usage
for patients, carers and staff

e Convenience (reduced impact on work
and employment)(Ewart et al. 2022;
Purohit 2021; Stauss et al. 2021)

e High satisfaction for patients (Young et
al. 2021)

Remote monitoring including symptoms and
health related quality of life (ePROs)
Integration of remote data with existing
electronic health records; incorporating real-
time data collection, safety data and decision
support tools to improve active surveillance

Management of healthcare appointments
using remote data

e Potential improvements in clinical and
patient-reported outcomes

¢ Avoidance of unnecessary
appointments leading to cost, time and
carbon savings

e Better access for patients in
rural/remote settings (Casey et al.
2013)

e Improved resource allocation, fewer
missed appointments (Lew et al. 2021),
decreased waiting times

Virtual wards to provide short-term
transitional care to patients upon hospital
discharge

e Adverse event prevention (Unplanned
dialysis unit and emergency
department visits/hospitalisations)
associated with care gaps (Raphael et
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al. 2015)

Remote monitoring of dialysis sessions by
interdisciplinary dialysis teams — with
simultaneous access to dialysis parameters
i.e., arterial, venous, and transmembrane
pressure, conductivity, temperature,
ultrafiltration rate, blood volume, laboratory
test results, medications, blood pressure and
weight

e Supports increase in home therapies
(reduced carbon footprint, less
expensive than in-centre haemodialysis
reduced infection risk, shorten duration
of home training) (Stauss et al. 2021)

e Remote monitoring of automated
peritoneal dialysis has shown early
detection and resolution of problems,
improved compliance, reduced
hospitalisations, and improved health-
related quality of life (Milan Manani et
al. 2020)

e Avoid logistical supply problems — early
identification of low supplies (Wallace
et al. 2017)

e Support incremental dialysis or pre-
emptive transplantation

Online delivery of education sessions,
medication inquiry systems, information to
assist self-management

e Increase in autonomy, confidence
(Magnus et al. 2017)

e Patient activation and self-
management skills, behaviour
modification, medications adherence —
Potential to reduce/delay CKD
progression and need for kidney
replacement therapy

Electronic review of primary care referrals by
Renal Specialist

e Timely access to advice, reduced need
for referrals, greater confidence in
primary care to manage CKD patients,
potential travel, cost, time and carbon
savings (Hull et al. 2020)

Telemedicine supported clinical trials via
primary care providers — remote consenting,
safety monitoring, and data collection.
Medicines delivered to home

e Carbon and cost savings

e Increased recruitment of under-
represented groups in research (i.e.,
rural communities)

Patient-reported outcomes to support telemedicine
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Any innovations to counter the environmental impact of healthcare should be patient-
centred and undergo careful evaluation: the goal of patient-centered care is a functional life
with a focus on the reduction of suffering, while the broader goal of person-centered care is
a meaningful life (Hakansson Eklund et al. 2019). One way to assess and evaluate the patient
experience of kidney disease and/or treatments, such as their symptom burden, functional
status and health-related quality of life (HRQOL), is through the measurement of patient-
reported outcomes (PROs) (Calvert et al. 2019) . PROs are defined as “...any report of the
status of a patient’s health condition that comes directly from the patient, without
interpretation of the patient’s response by a clinician or anyone else.” (U.S. Food and Drug
Administration 2009). PROs can be measured using validated questionnaires known as
patient-reported outcome measures (PROMs). PROMs may be “generic,” measuring
domains of interest i.e., HRQOL, regardless of the underlying disease process, or “disease-
specific,” assessing the impact of a specific disease and its associated symptoms and/or

treatment (Anderson et al. 2019).

PRO data can be used alongside biomedical and clinician-reported outcomes to gain a more
complete and holistic view of the effects and impact of CKD and treatment (Aiyegbusi et al.
2017). The rapid growth of digital technologies brings the opportunity to systematically
collect PROs electronically (ePROs) (Meirte et al. 2020). These data can be used to manage
individual patient care or at an aggregate level for research, audit/benchmarking,
commissioning and service improvement (Calvert et al. 2019). Procurement, infrastructure
and innovation have been highlighted as a key work stream for the UKKA Sustainable Kidney
Care Committee; telemedicine and ePROs could have a role to support these sustainability

initiatives by measuring those outcomes which matter to patients for multiple purposes. The
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potential to remotely collect ePROs could remove the need for stable patients to attend
routine in person appointments which could significantly reduce travel-related carbon
emissions. However, there are challenges in the use of ePROs, such as respondent burden

(Aiyegbusi et al. 2022) and concerns over impact on workflow (Anderson et al. 2022).

Future research

Potential benefits need to be considered in the context of treatment for patients with kidney
disease overall and a systematic approach should be taken to the evaluation of
telemedicine. Laboratory measurements are a crucial component of care for patients with
kidney disease and efforts should ensure telemedicine is integrated with point of care
testing. Telemedicine studies to date have largely been short-term feasibility studies with
few participants, which are difficult to replicate due to a failure to adequately describe the
intervention (Hailey 2016). Further research is required to fully determine benefits including
carbon savings and to identify unintended rebound effects; such as exacerbation of existing
health disparities, particularly for older and ethnic minority patients. These could be caused
by poor access and/or connectivity to digital devices, as well as socioeconomic and language
barriers that can impact health literacy and engagement with telemedicine (Calvert et al.
2022; Eneanya et al. 2021); coupled with impacts on workflow for clinicians. Telemedicine
studies should consider equity of access in their study design, particularly for under-served

populations (Calvert et al. 2022; Tong et al. 2022).

Additionally, a shift to telemedicine is not without any environmental impact. Energy and

other natural resources are required to create and power digital devices, and there is
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significant electronic waste with the acquisition of new and multiple devices. Research is

needed to assess the impact of this digital pollution.

To conclude, while telemedicine offers hope to lessen the environmental impact of kidney
care, informed implementation and careful evaluation is necessary to avoid unexpected

adverse consequences.
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Key points

The nephrology community needs to fully assess and reduce the environmental
impact of kidney care.

As well as monitoring and reduction of resource usage (energy and water) and
waste generation, we need to explore how new technologies such as telemedicine
might reduce the carbon footprint of kidney care.

Research which is both environmentally focused while remaining patient-centered

should be promoted

Reflective questions

What actions do you take as an individual and as a facility/unit to support the long-
term sustainability of kidney care?

Does your workplace have a ‘green champion’ —to develop and drive local green
initiatives?

Would your local population be able to participate in telemedicine initiatives or
would there be barriers to use, such as poor digital and health literacy, which could

affect equitable uptake of remote or virtual care?
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