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ABSTRACT

The use of telehealth to support, enhance or substitute traditional methods of delivering healthcare is becoming
increasingly common in many specialties, such as stroke care, radiology and oncology. There is reason to believe that this
approach remains underutilized within nephrology, which is somewhat surprising given the fact that nephrologists have
always driven technological change in developing dialysis technology. Despite the obvious benefits that telehealth may
provide, robust evidence remains lacking and many of the studies are anecdotal, limited to small numbers or without
conclusive proof of benefit. More worryingly, quite a few studies report unexpected obstacles, pitfalls or patient
dissatisfaction. However, with increasing global threats such as climate change and infectious disease, a change in
approach to delivery of healthcare is needed. The current pandemic with coronavirus disease 2019 (COVID-19) has
prompted the renal community to embrace telehealth to an unprecedented extent and at speed. In that sense the
pandemic has already served as a disruptor, changed clinical practice and shown immense transformative potential. Here,
we provide an update on current evidence and use of telehealth within various areas of nephrology globally, including the
fields of dialysis, inpatient care, virtual consultation and patient empowerment. We also provide a brief primer on the use
of artificial intelligence in this context and speculate about future implications. We also highlight legal aspects and pitfalls
and discuss the ‘digital divide’ as a key concept that healthcare providers need to be mindful of when providing
telemedicine-based approaches. Finally, we briefly discuss the immediate use of telenephrology at the onset of the COVID-
19 pandemic. We hope to provide clinical nephrologists with an overview of what is currently available, as well as a glimpse
into what may be expected in the future.
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INTRODUCTION

Telemedicine, a term coined in the 1970s, literally means ‘heal-
ing at a distance’, and describes the use of information technol-
ogy to improve outcomes through care and patient information.
Other similar terms currently in use include telehealth, which
emphasizes the delivery of care outside traditional healthcare
facilities, whereas eHealth focuses on information and commu-
nication. Telemedicine in a broader sense may differentiate be-
tween provider and patient-centred approaches, direct
communication, education and data processing within the
healthcare system (Figure 1) [1]. There is reason to believe that
telemedicine is currently underutilized in our specialty [2].
Patients with significant kidney disease generally have a high
burden of healthcare interactions but many of them share a de-
sire to remain in employment and stay out of hospital. The dis-
cussion around climate change [3] and, more recently, the
coronavirus disease 2019 (COVID-19) pandemic have prompted
to rethink of traditional models of medicine. The latter has
forced the renal community to embrace change and consider
telemedicine in order to maintain patient care. Here, we provide
a narrative review and an update on telemedicine in nephrol-
ogy. Due to the limited number of large-scale studies, we have
decided against a meta-analysis of published research on this
topic, instead focusing on adult renal medicine with particular
attention to applications for clinicians such as dialysis,
inpatient care, virtual consultation and patient empowerment.
We also review pitfalls and discuss potential future avenues of
research. Our aim is to provide practicing nephrologists and al-
lied healthcare professionals with an overview of what is cur-
rently possible and where the field may be heading in the next
decade.

DIALYSIS

Home dialysis has clear advantages over in-centre treatment in
terms of flexibility, quality of life and cost [4], while a survival
benefit remains difficult to prove [5]. Furthermore, ‘low-tech’
home therapies such as peritoneal dialysis (PD) are promising
approaches to overcome the increasing discrepancy between
patients requiring dialysis (14.5 million) and those receiving di-
alysis (5.4 million) worldwide in the next 10 years [6]. Barriers
that may prevent a more widespread uptake of home therapy
include patient-related factors such as lack of confidence and
the perception of isolation, as well as socio-economic factors
[7]. Geographical isolation is also a concern regarding therapy.
As an example, Tonelli et al. described increased complications
with PD if patients lived >50 km away from the renal centre [8].
This observation fits in with more recent data that describe dis-
tance to healthcare as a risk factor in patients with renal failure
[9], although the precise nature of the association remains
unclear. In theory, telemedicine should have clear advantages
in dialysis (Table 1). Telemedicine is also seen as a tool to over-
come distance: a collaborative project run by the Implementing
Transnational Telemedicine Solutions team aims to increase
access for geographically remote populations in Northern
Europe by implementing telemedicine in a sustainable way [18].

Peritoneal dialysis

Current evidence concerning the use of telemedicine in PD
relates to either the use of remote biometric monitoring (RBM),
with or without the addition of videoconferencing, or other bidi-
rectional communication [19, 20]. The data collected by RBM

remain variable, with most centres using a combination of
blood pressure, weight, ultrafiltration volumes or dialysis
exchanges. Breaches or predetermined trends can be flagged up
and acted on accordingly, either by a telephone call, videocon-
ference or an in-person visit. Recently, the introduction of a sys-
tem allowing remote access to an automated PD (APD) system
with little involvement on the side of the patient has fostered
the use of telemedicine in PD [21, 22]. While the advantages
seem obvious, studies with objective outcomes are few and of-
ten hampered by small sample size, heterogeneous populations
or other study limitations. Some authors reported reduced
unplanned hospital and emergency room visits with an associ-
ated reduction in utilization and cost of health resources, but no
change in overall hospitalization rates [23, 24]. Wallace et al. de-
scribe a system for automatic collection of PD parameters and
the benefits that this incurs, namely monitoring for and early
detection of problems such as technique failure, non-adherence
and presentation of factitious data at in-person review [10].
They also suggest that automatic monitoring of PD can help
avoid logistical problems such as those related to last-minute
provision of low supplies. In addition, it may enable ‘marginal’
patients to continue PD at home via either increased monitoring
or early detection of problems preventing technique failure and
modality switch [10]. These benefits however, were not quanti-
fied, and the authors emphasize that their service was not
available at all times and did not replace the need to seek help
in acute illness [10].

Overall, evidence suggests a positive patient experience
when telemedicine is used within PD [25, 26]. Common themes
identified are increased autonomy [26], reduced hospital visits
(saving on travel, cost and time) [11, 26, 27], increased patient
satisfaction compared with phone contact [26], increased confi-
dence [26] and feeling of increased safety [11], decreased per-
ception of ‘being a burden’ [26] and enabled more time for life
[26]. Objectively, changes to quality of life scores have been in-
consistent, with mainly similar [25, 27–29], but occasionally im-
proved [20], scores reported.

Agarwal and Wilkie [30] noted that the use of telemedicine
in PD has challenges as well: patients may perceive the technol-
ogy as intrusive, worry about data security or miss the direct
contact with healthcare providers. Some have reported low vol-
untary uptake of telehealth [26, 29]. The assumption that all
patients on home dialysis are automatically ideal candidates for
telemedicine due to their use of technology to deliver their
treatment may also be premature: a Norwegian group assessed
the perceived potential of telemedicine support for a small
number of PD and home haemodialysis (HHD) patients [11] and

FIGURE 1: Taxonomy of telemedicine [1].
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found that those patients who used machinery to delivery their
dialysis, i.e. HHD and APD, were receptive to the idea of using
telemedicine, whereas those patients performing continuous
ambulatory PD (CAPD) were not [11]. Preference for continuing
with traditional rather than tablet-based recording of exchange
information has also been reported in CAPD patients [31].

HHD

Studies concerning telehealth outcomes in HHD are even fewer,
with most publications exploring perceptions and acceptability
rather than objective outcomes [11, 12, 32–37]. These studies de-
scribe positive patient experience, with improved adherence
and confidence [12, 32, 36], time and financial savings [11, 37]
and reassurance to both patients and carers mainly to address
acute problems on HHD [11, 32, 35, 36]. Positive staff experience
has also been reported [12, 34]. Benefits of telemonitoring and
RBM have been reported for home training, in terms of both re-
duced time and improved confidence transitioning home [32,
35, 38, 39] and reducing technique failure [39] (Figure 2).
Regarding other objective measures, only one study has
reported an increased frequency of HHD prescription change
through use of an app [37]. However, negative experience has
also been reported. Of note, since its conception in the mid-
1990s, one of the initial pioneers of real-time telemonitoring on
nocturnal HHD [40–42] discontinued its use in 2012 [38]. The
authors argue that, while telemonitoring was initially perceived
as useful and safe, patient reassurance and compliance moni-
toring can be better met through other means [38]. Therefore as
with PD, much more evaluation and evidence is required.

Recently, in Canada, the development of a virtual ward to
address gaps in care that are often present after a dialysis pa-
tient is discharged from hospital, or has another such change in
care, has been reported [43]. Through the use of the virtual
ward, 67% of HHD patients were found to have a gap in care;
however, the presence of care gaps was not found to be related
to other secondary adverse outcomes such as readmission to
hospital. The study did not look at whether the use of a virtual
ward resulted in a reduction of these secondary outcomes, but
was proven to be a feasible and practical intervention [43]. A

large prospective follow-up trial assessing the impact of the vir-
tual ward for both PD and HHD patients after discharge has
been designed and is currently underway [44].

In-centre haemodialysis

Many of the perceived benefits of telemedicine for dialysis
patients have been for those undertaking home therapies.
However, few studies have examined the role this can play for
patients undergoing in-centre haemodialysis (ICHD). These
have looked at either telemedical interventions on non-dialysis
days, such as RBM, questionnaires and reminders [45–47], or
during dialysis itself, such as videoconferencing, virtual rounds
or real-time measurement of dialysis variables remotely [48–51].
As with PD, results have been variable. Sicotte et al. reported the
use of two different telehealth strategies in the Canadian First
Nations, and found no difference between the two modes, sup-
porting the suggestion that telehealth can be tailored to the
needs and preferences of the individual or population [48].
However, tensions among staff have been reported [49].

Due to the open nature of most ICHD units, the issue of pri-
vacy and confidentiality during videoconferencing has been
raised. Whitten et al. found that patients again had overall posi-
tive perceptions of telehealth, and moreover did not feel it lim-
ited their privacy, however they were uncertain whether they
would rather be seen in person or perhaps utilize telehealth
only when this was not possible. These sentiments were echoed
not only by staff, who had a mixed perception of when it was
suitable to use [13], but also in a further study where only 45.5%
of patients were satisfied with self-monitoring compared with
100% with nurse involvement [14]. As with PD and HHD, how-
ever, improved self-awareness, self-management and self-
efficacy have been reported, despite technical factors, memory
and lethargy being highlighted as barriers to use [14].

The advantages of telemedicine in dialysis patients seem ob-
vious and patient experience is generally positive. These senti-
ments are echoed in other specialities where telehealth has
been used more widely, for example, telehealth-supported
thrombolysis in acute stroke having comparable clinical

Table 1. Advantages of telemedicine use in dialysis [10–17]

Patient-related
• Technology may facilitate home therapy and/or shorten duration

of home training.
• Reduction in patient travel time and costs.
• Patient empowerment and engagement in self-care.
• Less impact on work and employment.
• Increased patient confidence.

For the health economy
• Reduction in staff travel time and costs for satellite clinics.
• Reduction in costs for outpatient clinics, clinic room usage, nurs-

ing support, parking.
• Improved access to healthcare for remote areas.
• Scarce resources such as outpatient clinics focus on those most in

need.
• Less ambulance costs for transport and unscheduled visits.

For climate/environment
• Considerably reduced fossil fuels used for commute to routine

low-impact outpatient appointments.
• Less parking in hospital.

FIGURE 2: Telemedicine in HHD: nurse providing instructions and observing pa-

tient setting up dialysis at home (patient consent provided).
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outcomes or supervising provision of chemotherapy to remote
oncology patients [52]. There is also very little evidence of real
risk or harm and in a meta-analysis of telemedicine in chronic
conditions, Hanlon et al. concluded that this approach is gener-
ally safe [53]. However, the authors also emphasized that
telehealth-mediated self-management was not consistently su-
perior to usual care [53]. As far as the use of telemedicine in di-
alysis is concerned, evidence of true benefit with regards to
clinical outcomes, cost or resource utilization is equally difficult
to find. What one would like to see is more studies demonstrat-
ing not just patient satisfaction but also evidence of real benefit.
There are good examples of such studies in other specialties, for
example cardiology. A 2017 meta-analysis concluded that tele-
medicine reduced admission, shortened length of stay and re-
duced mortality in patients with congestive heart failure [54].
Further research is required in the field of telenephrology and
dialysis, with upcoming trials such as Clinical Evaluation of
Remote Notification to Reduce Time to Clinical Decision
(CONNECT) [55] hopefully gleaning more evidence on objective
outcomes to support this ever-growing field.

INPATIENT CARE AND IN-REACH
CONSULTATION

In most countries, inpatient nephrology will only be provided in
larger centres with some degree of in-reach into smaller sur-
rounding hospitals and provision of dialysis care in satellite
units. Northern Canada is often used to illustrate a challenging
geography where the most remote dialysis satellite unit can be
750 km away from the regional centre [56]. Our own department
in the northwest of the UK is slightly less challenged, but the
distance to our most remote satellite hospital is still 100 km.
Apart from the geography, our ability to in-reach is also ham-
pered by the fact that the hospitals operate different IT systems,
the lack of synchronization between our availability and that of
our counterparts locally, and finally the challenge to assess
from a distance whether a patient is well enough to be
transferred.

The advantages of telenephrology in this scenario are quite
obvious, and it is surprising that not much evidence exists in
our specialty when compared with, for example, stroke medi-
cine [57, 58]. Virtual inpatient consultations can also provide
the patient with an opportunity to speak with the specialist,
which may enhance the discussion and also allow the local
teams to seek advice. On occasion, such a discussion may even
avoid the need for the patient to transfer to the tertiary centre.
Intuitive as the concept may be, the evidence to support the
concept is currently mostly lacking, not only in terms of efficacy
but also with regard to cost-effectiveness and governance.

Barriers also exist, in particular relating to organizational,
technical and economic/regulatory forces [55], and developing a
fully fledged virtual in-reach service with video dialogue will be
a challenge for many. However, virtual in-reach consultations
do not necessarily have to involve visual contact or voice; in our
practice, we have gained read and write access to a neighbour-
ing hospital’s electronic health record (EHR) so that we can re-
view results, observations and medication, and read ward
round entries. We document our advice in a ‘virtual ward
round’, which our colleagues locally will see with immediate ef-
fect (Figure 3). Others have described a similar approach not to
overcome distance but to address workload when providing
in-reach advice on site but without the need to see the
patient [59].

VIRTUAL CONSULTATION FOR NON-DIALYSIS
PATIENTS

One reason for the success of virtual clinics for home dialysis
patients is that these patients are per se younger, proactive and
usually IT literate. However, rolling this approach out to a popu-
lation of patients attending general nephrology outpatient clin-
ics can be more difficult. Virtual clinics for the triage and
management of patients with chronic kidney disease (CKD) and
for providing remote advice have been well described [60–67].
Two UK-based studies have implemented virtual clinics for the
follow-up of patients with moderate CKD. Overall survival rates
were higher in patients managed in the virtual nephrology
clinic compared with those discharged to primary care follow-
up [68]. Interestingly, of those patients requiring initiation of re-
nal replacement, none was started in an emergency setting, and
rates of definitive dialysis access were higher than regional and
national figures [68]. A London group reported reduced waiting
times from 64 to 5–10 days, with <15% of referrals requiring a
face-to-face review [69]. Promising data have also emerged from
Australia, where the use of a virtual clinic has been described as
safe and efficient [60].

Others have described the use of virtual clinics for transplant
assessment with improved waiting times and significant time
and financial savings [70, 71], as well as for transplant aftercare
[72–75]. The latter may be another very suitable use of such
technology, again because the transplant population is on aver-
age younger and IT literate. The authors also emphasized the
importance of involving patients in such service redesign and
reported substantial cost savings [72] as has been described
elsewhere [76]. Transitional care following renal transplantation
is another very attractive use for telemedicine that is currently
under investigation by a large German study [77]. It will be very
interesting to see whether the intervention, which includes two
smartphone apps, truly improves adherence and outcomes in
this vulnerable population. Acceptability and patient perspec-
tives on virtual clinics are overall positive for both CKD [60, 64,
65, 69, 78, 79] and transplant patients [75, 80], with the notable
exceptions of what is lost from lack of face-to-face contact in
terms of non-verbal communication or when faced with an
acutely ill patient [65, 81].

It is worthwhile noting that even in the setting of a dedicated
study as few as 12% of the referrals may be suitable for virtual
clinics [67]. More worryingly, studies conducted in a real-life set-
ting often fail to demonstrate a clear benefit of telemedicine
over traditional CKD management and referral systems. A study
in the Netherlands looked at the use of telenephrology in the
management of CKD across 47 general practices [82]. Primary
care providers reported a positive experience, but evidence of a
clear-cut benefit was lacking. Any such approach also requires
access to primary care records [83], which can be difficult to ob-
tain. The cost aspect of this approach also deserves consider-
ation. Some authors describe considerable savings as high as
£111.56 per patient attendance [67]. Our own experience trying
to argue the case of savings has been less than straightforward,
mainly because in the UK a national tariff for a virtual clinic en-
counter does not exist. The general issues around reimburse-
ment for telemedicine in Europe [84] and the USA [85] have been
discussed elsewhere. Recent political developments in USA are
also noteworthy: The Bipartisan Budget Act of 2018 removed
restrictions based on geographical location, enabling telemedi-
cine to be available to far greater numbers of patients than be-
fore [19]. Protagonists and supporters of this approach hope
that it will reduce costs and also provide better care [86]. This
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FIGURE 3: ‘Virtual ward round’ for a fictitious inpatient at Furness General Hospital, Barrow-in-Furness, UK. The clinician at the renal centre reviews all patient data

and writes an entry directly into the EHR. Panel A: Fluid balance and ward round documentation by parent team locally. Panel B: Virtual nephrology consultation docu-

mented remotely. Not shown are medication, vital signs, and laboratory/imaging results, which are also accessible during the remote consultation. The distance be-

tween the renal centre and the satellite hospital is 64 miles (103 km) or 90 min by car; the satellite hospital has face-to-face inpatient care once a week in conjunction

with an outpatient clinic there. With kind permission from Melanie Waszkiel and Dr Colin Brown, University Hospitals of Morecambe Bay NHS Foundation Trust,

Kendal, UK.
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trend could well have an effect on legislation in the rest of the
world as well.

Providers should consider cost early on and agree a sustain-
able funding. Cost is also a key consideration for the use of tele-
medicine in developing countries [87], where this approach
appears attractive to address the huge workforce shortage and
inequity of service provision [88]. Whether telemedicine is
actually beneficial and cost-effective in this scenario remain
unclear [87].

PATIENT PORTALS AND mHEALTH

An increasing number of resources are designed around patient
information, engagement and empowerment (see Figure 4). A
good example from the UK is RenalPatientViewTM, a web-based

system that grants patients access to their laboratory results
(Figure 5). The aims of this particular portal are to encourage
patients to engage with their health issues and give them a
sense of ownership, as discussed in this journal recently [89].
Typically, such portals will also provide patient information, for
example, around laboratory results and normal ranges. More re-
cently, such portals have been equipped with added interactiv-
ity, that is contact with a physician for advice [89].

In comparison with RenalPatientViewTM, which is a technol-
ogy originally developed for desktop computers, mHealth
describes the use of mobile devices for similar purposes. Ideally,
mHealth addresses the patients and relatives’ need for commu-
nication and also enables chronically ill patients to have access
to the information relevant to them at the right time (‘small
data principle’) or on the go. Some studies suggest that

mHealth

Biometric 
monitoring

BP and weight

Medica�on 
adherence 

Reminders 

Mul�disciplinary 
team input

Physiotherapy

Lifestyle 
modifica�on

Dietary advice

Interac�ve Care 
pathways

CKD journey 

Care Provider 
communica�on

Advice or 
reassurance

Pa�ent 
communica�on

Forums and 
support groups

Urinalysis 
monitoring

Relapse of 
disease 

Results and 
health record

Blood results

Integrated 
sensors

Heart rate, 
biochemistry  

Symptom 
diary

Trigger words, 
tracking  

Informa�on 
support

Guidelines and 
leaflets

FIGURE 4: Schematic illustrating range of patient portals and mobile applications available, with examples of potential uses underneath.
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interactive therapy plans can promote adherence [90] and im-
prove safety [91]. A good example of mHealth in our specialty is
the use of smartphone-based apps such as Transplant HeroTM

to remind transplant patients of their immunosuppressive
medication and thus improve adherence [92].

More advanced platforms can also promote healthy lifestyle
[93], provide patients with tailored information about their care
pathway and more. A commercial provider in Germany has de-
veloped a more sophisticated approach [94] that is based on the
MyTherapy app [95]. The patient has the option to share certain
information, such as medication or vital parameters, with their
care team so that they can intervene early. A Japanese study
looked at the use of a smart phone app as a way of facilitating
patients’ engagement with issues such as dry weight targets
and diet and demonstrated improved quality of life [96]. Patient
satisfaction was particularly demonstrated in a retrospective
paediatric study that looked at the parents of paediatric renal
patients when having access to an online resource in which
they could seek advice from a specialist. Over 90% of the res-
ponders would recommend the resource and felt they trusted
the online consultation [96].

Importantly, the patient experience with apps is not always
positive. A recent contribution by a patient emphasized that
these apps are often clunky and poorly designed [97]. Moreover,
ratings by physicians do not often correlate with patients’ expe-
rience [98] and anybody seeking to embark on a new
mHealth project is probably well advised to seek patient in-
volvement from the start [97]. It is also clear that apps are not
universally trustworthy when it comes to the information pro-
vided [99], which raises the question of whether the renal

community should perhaps consider ways to signpost reliable
apps [100].

ARTIFICIAL INTELLIGENCE

Artificial intelligence (AI) is often defined as the use of intelli-
gent, non-human agents that perceive their environment and
take actions to maximize its chance of successfully achieving
its goals. It is becoming one of the biggest areas of development
engineering in healthcare and our specialty is no exception
[101]. In particular, the continuing euphoria and success of Deep
Learning are raising high expectations. Deep Learning is a spe-
cial form of machine learning in which artificial deep neural
networks inspired by the human brain are used and trained on
huge amounts of data to identify patterns. Cardiologists have
recently described Deep Learning for automated identification
of atrial fibrillation based on patient videos [102]. Another good
example is the use of Deep Learning in imaging. Sharma et al.
show that such an approach can be used to calculate the kidney
volume of autosomal dominant polycystic kidney disease
(ADPKD) patients with a high degree of certainty [103]. The use
of AI in nephropathology is also conceivable [104, 105]. Deep
Learning through analysis of historical patient data also offers
possibilities for decision support or the identification of high-
risk patients. Esteban et al. for example, used Deep Learning
with a set of data from the Charite Hospitals renal transplant
database to develop an algorithm to predict clinical events
[106].

Others have described the use of AI in haemodialysis
patients mainly to determine target weight and dialysis

FIGURE 5: RenalPatientViewTM—screenshot with laboratory results (fictitious patient) from [86] (open access licence).
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prescription. The benefit of AI in this setting is that the
machines can respond in real-time to the changes in a patient’s
homoeostasis and aim to reduce the delay in response thus pre-
venting episodes of symptomatic intradialytic hypotension or
large variations in ultrafiltration [107]. These systems also allow
for continuous changes in dialysis prescriptions and generate
data that can be useful in aiding predictions on prognosis or car-
diovascular risks. Further applications of AI include renal anae-
mia, and the ongoing ANEMEX trial (ClinicalTrials.gov Identifier:
NCT03214627) uses AI to develop an algorithm that makes rec-
ommendations on erythropoietin dosing. The algorithm gener-
ates recommendations based on the information acquired
when analysing previous medication lists and doses, demo-
graphics and recent investigations [108].

Natural language processing is another useful application of
AI. Texts can describe a lot of information and relevant findings,
be it in the form of biomedical publications, in doctor’s letters in
hospitals or in medical forums. In order to access this data effi-
ciently and automatically, approaches from natural language
processing are often used. The technology can access text but
also spoken language. Possible uses include extracting new his-
tories from EHRs, trawling social media for possible side effects
of new medication or finding warning signals in patient diaries.
Especially in clinical everyday life, methods from speech proc-
essing can be used to access historical text data more easily, to
generate cohorts, to summarize patient histories or to collect
relevant information in order to incorporate it into prediction
models with structured information (e.g. laboratory values, vital
parameters). An interesting approach that combines big data
analysis and natural speech has been tested on a cohort of
patients with rare diseases [109]. In many cases, the system was
able to detect and suggest the correct diagnosis early in the
course of the disease on the basis of the symptoms [109].
Through machine learning and multiple closed-feedback loops,
the system becomes more intelligent with each patient contact
assess. A similar system could be useful to support decision
making in rare glomerular diseases, inherited renal disease or
vasculitis/multisystem disease.

THE DIGITAL DIVIDE, LEGAL ASPECTS AND
OTHER BARRIERS AND PITFALLS

Telemedicine has pitfalls beyond the lack of robust evidence
[110], in particular around the ‘digital divide’ [111]. This term
was originally used to describe differences in Internet ‘access’
between urban, educated and wealthy patients on one side and
underserved populations on the other [112]. More recently, this
concept has also included eHealth literacy [113, 114]. All
attempts to empower patients by digital means will only ever
reach a part of the population that is already quite well-
activated and engaged, whereas another substantial part of the
patient population (the elderly, non-users of the internet, the
less well-off) is essentially ignored. Several approaches have
been suggested to address and overcome this divide, such as
community-based education, focusing on underserved popula-
tions or using primary care to support patients with low
eHealth literacy [111].

Another concern is around legislation and confidentiality.
There is reason to believe that our renal patients may worry
less about this topic than those in other specialties [115], and
perhaps also less than their physicians. However, legal require-
ments around data confidentiality have increased in recent
years and clinicians need to be mindful of this risk. As an

example, earlier this year, the UK information commissioner is-
sued a £183 million fine against British Airways for a significant
data breach [116].

Other barriers and pitfalls also need to be considered.
Agarwal and Wilkie also note potential challenges for providers,
such as the need to manage change, find additional resources
and generate evidence of benefit that is required for funding
[30]. Other concerns include the volume of data presented could
be too large to analyse, and lead to ‘fatigue’ among providers
[10]. One study reports that 47% of alerts generated required an
intervention [25].

Others have emphasized that the balance between face-to-
face and virtual visits is delicate [117]. Telemedicine also has
potentially significant effects on the doctor–patient relationship
[118]. Finally, there is the question of accountability: what if,
say, a significant laboratory result has slipped through the
safety net of a virtual approach or a patient has underestimated
the significance of a new symptom during a long period of
unsupervised or virtual follow-up? It is probably safe to say that
robust evaluation will be crucial to the success of any such ap-
proach, coupled with a degree of vigilance for unexpected side
effects. Table 2 summarizes potential barriers and pitfalls. Table
3 provides a glossary of terms.

Telemedicine during the COVID-19 pandemic

Very recently, COVID-19 [119] has demonstrated another unique
feature of telemedicine to the renal community, namely to en-
able ongoing care when traditional forms of healthcare are tem-
porarily no longer available. In our own practice, we were
positively surprised by how something we have always aspired
to could be implemented within days, and with good patient
feedback. In addition to transitioning almost all clinics to video-
conferencing or telephone services, and expanding our home
therapy capacity, we have also introduced smartphone technol-
ogy to remotely assess urine dipstick results (Figure 6) [120].
Telemedicine has not only enabled us to keep patients out of a
high-risk hospital setting but also allowed us to provide reassur-
ance to anxious patients who are in self-isolation far away.
However, we have also encountered limitations, particularly in

Table 2. Barriers to telemedicine [10–17]

Patient-related
• Patient privacy, technology perceived as intrusive.
• Care may be perceived as impersonal when compared with face-

to-face.
• Anxiety when remote advice not immediately available.

Physician-related
• Resistance to change.
• Additional workload.
• Perceived loss of control when compared with face-to-face.
• Data overload and user fatigue.
• Concerns around accountability when care is shared with patient.

Related to law, governance and infrastructure
• Delays in technology installation, poor broadband connection for

example in rural communities.
• Technology may fail either spontaneously or during denial-of-ser-

vice attack.
• Cost and reimbursement.
• Data protection legislation and General Data Protection

Regulation, regulations around data storage.
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older patients and others who are less familiar with technology.
We have also learned that with current UK tariff structures, our
approach is financially ruinous and unsustainable due to a dif-
ference between face-to-face clinics and a virtual consultation
of around £250 per patient. Irrespective of such concerns, it is
clear from our interaction with patients in the last couple of
weeks that this development will be irreversible after the crisis:
most patients will not return to previous rituals of commuting
to clinic appointments. We can only hope that patient groups
and other stakeholders will lobby the government to change
tariffs and make this approach viable in the mid- to long-term.

FUTURE USE OF TELEMEDICINE IN
NEPHROLOGY

It is likely that the use of smartphone mobile apps to enhance
patient autonomy and self-management (mHealth) will in-
crease further within the specialty, for example in renal trans-
plant recipients [121]. We speculate that within a decade, many
or most renal patients in the developed world will have access
to such technology, with access to their laboratory results and
clinic letters, often with an option for communication with
healthcare providers. It is also likely that commercial providers
will develop an interest in such technology and at some stage
healthcare providers will have to be reimbursed for providing
advice to their patients through such technology. There are also
implications for education in that we need to train up a work-
force that has more advanced information technology skills
than ever before [122].

The use of telemedicine is also likely to grow in the and at
pace acute hospital setting, accelerated by the ongoing COVID-
19 pandemic, concerns regarding climate change and workload
pressures overall. In 2014, National Health Service (NHS)
England outlined a requirement for all acute NHS hospitals in
the UK to develop automated acute kidney injury (AKI) alerts
[123]. In response to this a London group, in collaboration with
DeepMind Technologies Ltd (London, UK), developed the
Streams app: a ‘mobile AKI detection and management applica-
tion’. Despite a significant reduction in the number of unrecog-
nized AKI episodes and time to recognition within the
emergency department, there were no differences in renal

recovery [124]. Other e-alert systems have also shown variable
results, with no improvement in clinical outcomes in AKI seen
in the USA (alerts via text message) [125], improved diagnosis
and nephrologist review but limited translated clinical effects in
China (e-alerts to physician workstation) [126] and Korea (auto-
mated nephrologist consultation generated) [127], and numer-
ous improved clinical outcomes in the UK [128]. We speculate
that within the next decade most hospitals in the developed
world will have some form of AKI alert system and that the
nephrologists of the future and their teams will spend more
time assessing patients highlighted in this way.

Wearable technology in combination with remote monitor-
ing is surely another field with potential growth [129]. Of note,
wearable devices for haemodialysis [130] and, more recently, PD
[131] have been described and reviewed elsewhere [132]
(Figure 7). We speculate that within the next decade such devi-
ces will become safe and established options for some patients
and that they will become smaller and potentially implantable
[132]. They could be linked to wearable sensors to monitor renal
function [133], calcium or pH [134] and other parameters.
Assessment of oedema (SmartSockTM) has been described [135],
as well as other sensors such as wireless detection of blood
leaks for HHD [136]. Outside of nephrology, recent research has
demonstrated the ability of a smartwatch to detect atrial fibril-
lation, with no app-related adverse events reported [137]. Such
technology could be extrapolated to nephrology, for example a
detected decrease in oxygen saturations coupled with increas-
ing weight or oedema triggering increased ultrafiltration vol-
umes. The use of such wearables in dialysis patients has been
reviewed recently [138]. The combination of wearable technol-
ogy with mHealth apps is also tempting. As an example, others
have speculated that an app could integrate data from heart
rate and blood pressure measurement and the word ‘dizzy’ in
its patient diary to suggest a change in antihypertensive medi-
cation [100]. We believe that the current COVID-19 pandemic
will act as a proof of concept for some of these applications and
that some of these systems will influence care in selected
patients such as those with nephrotic syndrome within the
next 5 years.

AI will, we believe, be another field with significant growth.
An AI approach to predicting AKI has been described recently
[139]. This opens up the possibilities and implications of using
AI within nephrology further. Examples include the above-
mentioned changes in biometric measurements resulting in an
automatic alteration to dialysis prescription coupled with ma-
chine learning regarding the patient’s physiological ‘norm’,
alterations in laboratory or physiological parameters leading to
an earlier (or later) than planned outpatient appointment or use
of AI for the triage and management of AKI. We also view
screening for CKD in the community as a potential use of AI and
we speculate that within the next decade many renal centres in
the developed world will use AI for this purpose.

CONCLUSION

A decade ago, one of us concluded an article on the Internet and
Nephrology in this journal with Bob Dylan’s notion that ‘times
they are a changing’ [140]. In hindsight, we underestimated just
how much mobile technology would change our specialty. Ten
years later, we have again underestimated the pace of change:
in our initial version of this article in late January 2020, we
stated that ‘the next decade will undoubtedly involve even
more change to the way we go about our daily work’. We could

FIGURE 6: Smartphone technology to remotely monitor urine dipstick results

[120] to diagnose urinary tract infection or monitor proteinuria. healthy.io, Tel

Aviv, Israel, with permission. The kit comprises a beaker, a solitary urine dip-

stick and a colour chart. Patients also receive the link to an app via text message

that takes them through the process and uses the smartphone camera to assess

the dipstick result. The result is uploaded to a secure web platform and the

requesting clinician is notified [120].
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not have been more wrong: Telemedicine has become a reality
as a result of the pandemic, and at pace: During the week pre-
ceding this resubmission, we have already carried out

numerous virtual consultations, assessed patients’ general ap-
pearance and peripheral oedema via a smartphone camera and
used an app to analyse urine dipsticks remotely. We speculate
that the change brought about by the COVID-19 pandemic [141]
as well as stark choices around climate change [142] will force
rapid change away from the traditional model of care whereby
most patients commute to renal centres by means of fossil-
fuelled transport and return home often with no change of
treatment and no real benefit other than ‘reassurance’. Our
patients have made it abundantly clear already that they will
not return to this model even after the pandemic has ended.
We therefore believe that within a year most nephrologists in
developed countries will have some form of telemedicine in
their portfolio. Patients and their self-help groups will help
overcome barriers, be they regulatory or financial. We ac-
knowledge the scepticism within the renal community as evi-
denced in a recent EDTA survey [143], as well as the fact that
the true potential of AI remains difficult to gauge [144]. A glar-
ing oversight in our 2009 contribution was to ignore the digital
divide as a potential issue. We applaud all enthusiasm for tele-
medicine within the specialty but we must also ensure that we
cater for our population as a whole irrespective of access to the
Internet or eHealth literacy. Finally, it is sobering that a world-
wide pandemic was required to question regulatory red tape
[145], overcome real and perceived obstacles, and enable

Table 3. Glossary

AI: Computer systems that can perform tasks that would usually require human intelligence, and are able to ‘think’ and ‘learn’ in order to do
so.

Bidirectional communication: Any means of communication in which two or more parties communicate together at the same time. For exam-
ple, telephone call or videoconferencing.

Deep Learning: Specifically relates to the use of artificial neural networks, which are computerized networks that mimic the neural networks
in the human brain. It enables AI to ‘learn’ as a human brain would, and is a subset of machine learning, see below.

Digital divide: Traditionally used to describe the gap between those who do and do not have adequate access to information and communica-
tion technology. Can now also be used to include those who may have access, but are less capable of using these technologies, that is, those
who are less eHealth literate, see below.

e-Alert: An alert that is automatically generated by a machine, without the need for a person to review data.
eHealth: Healthcare that is supported by electronic systems and processes. For example, an EHR, or automatically generated reminders.
eHealth literacy: The ability to obtain, understand and use healthcare information through electronic means.
EHR: A digital database containing a breadth of information regarding a patient or a certain population. Typically includes patient demo-

graphics, medication and allergy lists, medical notes, laboratory or imaging results and physiological parameters, amongst others. It may be
accessible to a variety of different healthcare providers, depending on local arrangements.

Machine learning: A process used in AI where computer programmes or algorithms automatically improve through experience and repeated
exposure. Linked the deep learning, which mimics the neural structures of the human brain, see above.

mHealth: Healthcare that is provided through a mobile device, such as a mobile phone or tablet.
Natural language processing: How computers can process and analyse human (natural) language. For example, speech recognition.
Patient portal: A secure, online platform (for example, a website or an application) through which a patient can access their personal health-

care information. There may also be the option of communicating with their healthcare provider.
RBM: The measurement and electronic recording of various parameters, which is done with the patient away from the usual clinical setting

where this would take place, that is, remotely. Biometrics can include a variety of measurements that the patient can take themselves, for
example blood pressure and weight, or that are automatically collected by the machine, for example ultrafiltration volumes in PD.

Telehealth: Healthcare that is provided remotely through the use of information and communication technology, with the patient being lo-
cated at a different place to the healthcare provider. It encompasses not only diagnosis, treatment, monitoring and prevention of disease,
but also education, research and continued service development.

Telemedicine: Often used synonymously with telehealth, however can be used to describe the provision of care via only medical physicians,
as opposed to other allied healthcare professions.

Telemonitoring: The process of using technology to monitor a patient remotely, using audio, video, sensors, electronic data or a combination
of any of the above.

Telenephrology: The use of telehealth, or telemedicine, specifically within the field of nephrology.
Videoconferencing: A form of communication that uses both audio (via microphone, for the transmission of sound or voice) and video (via

camera, for the transmission of real-time picture) at the same time, enabling both users to see and hear the other party.
Virtual: Something that can be done or simulated using a computer, without the need for a physical presence in that location. Examples in-

clude virtual consultations, virtual ward rounds, virtual in-reach and virtual clinics, which can all be done using various electronic means
away from the usual place they occur.

FIGURE 7: (A) Wearable haemodialysis device. Courtesy of Dr Victor

Gura, Cedars Sinai Medical Center of Medicine at UCLA, Beverley Hills, USA. (B)

Automated Wearable Artificial Kidney (AWAK) device for PD. Courtesy of Dr

Marjorie Foo, Senior Consultant/Head. Director of SGH-Peritoneal Dialysis

Program, Department of Renal Medicine, Singapore General Hospital.

Telenephrology | 501



substantial change. In that sense, the ‘cloud’ now has a silver
lining, remains full of opportunities and is also a lot closer
than anticipated.
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