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ABSTRACT

The coronavirus disease 2019 (COVID-19) pandemic has presented
unique challenges to rheumatology provision. Measures to control
the pandemic have limited face-to-face contact with rheumatology
healthcare professionals. One innovation has been the widespread
adoption of telerheumatology to assist in the care of patients with
rheumatic and musculoskeletal diseases, building on an existing
evidence base in rheumatology. Widespread adoption has only
occurred following the COVID-19 pandemic. We discuss the evi-
dence supporting telerheumatology adoption prior to the
pandemic, and outline several innovative approaches used to assist
in the care of rheumatology patients that have been introduced.
Alongside the advantages of these interventions, we discuss the
limitations and regulatory challenges. Advances must be balanced,
considering wider issues of equity of access, implementation,
adoption, and sustainability of telerheumatology post-pandemic.
We propose it is not ‘if, but ‘how’ rheumatologists embrace
newer telerheumatology technology, outlining practice points and
future research agenda.

© 2021 Elsevier Ltd. All rights reserved.

Introduction

Telemedicine has been increasingly adopted as patients and healthcare professionals have realised
the benefits of an inexpensive, convenient, and practical form of healthcare interaction [1]. No single
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accepted definition of telemedicine exists, with the World Health Organisation (WHO) adopting the
following:

“The delivery of health care services, where distance is a critical factor, by all health care professionals
using information and communication technologies for the exchange of valid information for diag-
nosis, treatment and prevention of disease and injuries, research and evaluation, and for the
continuing education of health care providers, all in the interests of advancing the health of in-
dividuals and their communities.” [2].

Originally conceived as a way of assisting care delivery in remote communities, it has become
increasingly adopted by both primary and secondary care [3]. The coronavirus disease 2019 (COVID-19)
pandemic has brought unprecedented changes and requirements of primary and secondary healthcare
delivery. Telemedicine has been embraced during the pandemic. Innovations include automated pro-
cedures to help transition patients through emergency care settings to outpatient triage, virtual
inpatient monitoring, teleconsultations, telecritical care, and clinical decision support [4,5]. Patient
facing fully automated web-based decision aids and algorithms have been utilised to track, assess, test,
and advise patients regarding COVID-19 symptomatology [6]. The experience has highlighted oppor-
tunities for expanding telemedicine longer-term across many areas of healthcare [7]. In rheumatology,
clinician and patient-facing advice from the American College of Rheumatology (ACR), European League
against Rheumatism (EULAR) and British Society for Rheumatology (BSR) have outlined recommended
approaches for treatment initiation, continuation, exposure, corticosteroid use, biologic therapy, and
social distancing [8,9]. Telemedicine in rheumatology, ‘telerheumatology’, was quickly identified as
being well placed to deal with a range of challenges associated with the COVID-19 pandemic.

Telemedicine is a rapidly expanding field, with PubMed listing over 15,000 publications between
2015 and 2020, with over 1500 on telemedicine in the COVID-19 era by September 2020. This illus-
trates the popularity of the topic, and the rapid development of new technologies that support the
adoption of telemedicine, particularly smartphone technology. This article will briefly outline the
history of telerheumatology, describe current models of delivery, and focus on new areas that are most
relevant to rheumatologists. We outline the advantages and problems with telerheumatology and
describe the future research and development agenda.

Telerheumatology can be broadly grouped into real-time (synchronous) and store-and-forward
(asynchronous) interaction. Asynchronous telerheumatology does not require real-time interaction
between patient and rheumatologist or healthcare professional. The different models described for
delivering telerheumatology are shown in Table 1.

Telerheumatology before the COVID-19 pandemic

Extensive research had been undertaken in rheumatology, building on earlier speciality experience
in areas, such as teledermatology that produced much of the early evidence supporting reductions in
patient waiting times, improved care, and patient satisfaction scores [10]. Initially, many studies
evaluated the use of video consultations (VCs) in rheumatology. An initial early trial relied on bespoke
dedicated video-linked consultations, using a central rheumatology hub to provide consultations to a
prison service in the United States [11]. Other telerheumatology applications evolved to cover rural and
difficult to reach settings, often with a central hub providing advice, new patient diagnosis, and follow-
up [12]. Supporting equipment for telerheumatology included standard telephones, teleconferencing
facilities, mobile phone SMS text messages, and web-based services [13—15]. Newer smartphone
technology has been used to record self-reported disease activity scores (DAS), such as the DAS-28 and
physical wellbeing. This was found to correlate with clinician assessed DAS28 scores [16]. The option of
using wearable technology to assess activity, symptom trackers, and more innovative artificial intel-
ligence options to assess symptom severity and scores are in their infancy and have all shown potential
[17]. Bespoke devices to assess physical function, so-called ‘kinesiotherapy’ responses, have been
evaluated in systemic sclerosis and rheumatoid arthritis (RA), allowing automated remote monitoring
of physical function [18]. Widespread use of asynchronous web-based programmes to support self-
management include educational programmes, cognitive behavioural therapy, and self-management
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Table 1
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Types of Telerheumatology, traditional, and emerging models of synchronous and asynchronous interventions.

Synchronous Telerheumatology Examples

Asynchronous Telerheumatology Examples

Traditional Doctor
Live two-way
communication

Emerging models of
live communication

Traditional ‘Store-and-
Forward’ interventions

Emerging Models:
Remote/Mobile Health
Monitoring Systems

Emerging Models:
Other Online
Information and Mobile
Health

Video consultation
(VO)

Telephone
consultation

Case conference and
MDT between
professionals

Educational
interventions,
treatment
counselling, for
patients and
professionals

Al programmes
Automated Al*
voice services:
‘Chatbots™*

Virtual
stethoscopes/
ultrasound imaging
techniques

Other novel online
resources and
multimedia

Provider ‘Store-and-
forward’ of images,
laboratory results and
clinical details for
review by a
rheumatologist, used
for triage, assessment,
and treatment

Smartphone symptom
trackers.

Mobile and wearable
smart devices, or
assessments for
tracking physical
activity, sleep
Healthcare apps,
including symptom
diary/PROMS

Novel devices for
monitoring of physical

function, inflammation,

Traditional web-based
information

SMS-based messages/
messaging platforms
(e.g. WhatsApp, TikTok)
Other social media and
patient portals in
primary and secondary
care.

medication adherence

Al- artificial intelligence; SMS, short message service; PROMS, patient reported outcome measures
*Chatbots have Al-assisted computer voice technologies or text interactions that mimic conversation (e.g. Telephone banking,
Siri, Alexa, etc.)

guides [19]. VCs evolved to adopt the use of personal smartphones alongside dedicated videoconfer-
encing platforms for both clinicians and patients to conduct telerheumatology [7]. Two systematic
reviews have outlined the progress made up to 2017 [20,21].

Adaptations in rheumatology during the pandemic

Many rheumatologists, nursing, and research staff were redeployed at the peak of the pandemic to
help support acute and intensive care provision, seeing many outpatient services suspended. These
changes led to clinicians and other staff members having to adapt their clinical roles and work more
flexibly [22]. Simultaneously, the COVID-19 restrictions imposed on day-to-day life resulted in dra-
matic reductions in new patient assessments, face-to-face reviews, and access to diagnostic and
treatment resources. Prompt national action from European and North American rheumatology aca-
demic societies and providers acknowledged the need for a response reliant heavily on tele-
rheumatology, with both clinicians and patients advised to avoid face-to-face contact where possible
[23,24]. This was a challenge, for example, in the USA, the majority of states did not regard telemedicine
consultations comparable with face-to-face attendance [25], with a similar situation in Europe. Leg-
islators acted quickly, rapidly recognising telerheumatology and appropriately remunerating these
interventions in both Europe and North America [26,27].

Video and telephone consultations

Early reports in the pandemic showed new adopters of telerheumatology using VCs to triage and
assess patients with inflammatory arthritis. For example, clinicians found that less than 10% of patients
required further face-to-face assessment following teleconsultation for psoriatic arthritis [28]. Wide-
spread early adoption of telerheumatology also occurred in areas with less well-resourced healthcare.
A large survey found that over 50% of rheumatologists in India had already begun to employ tele-
rheumatology consultations by March 2020, using a variety of methods including personal smartphone
devices [29]. The near-universal smartphone use by healthcare professionals has led to this extension
into using personal mobile phone devices use for clinical consultations. This is a complex area, with
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regulatory challenges discussed later. Clinicians and regulators responded with flexible ‘Bring your
own device’ policies for clinicians [30].

VCs were broadly welcomed by the public and clinicians, becoming the subject of topical debate in
the rheumatology community. This included podcasts from individual clinicians and national webinars
held by rheumatology societies [31]. Clinicians advocated a range of approaches, such as coaching
patients through swollen and tender joint count assessments in an attempt to replace face-to-face
clinical examination. Basic assessments of ability to perform simple functions, such as making a fist,
already demonstrated to help evaluate clinically suspect arthralgia were adopted [32]. Coupled with
standardized patient-reported outcome measures (PROMs), such as the Health Assessment Ques-
tionnaire (HAQ) [33], Multidimensional Health Assessment Questionnaire (MDHAQ) and Routine
Assessment of Patient Index Data 3 (RAPID3), rheumatologists used evidence-based measurements for
remote assessment of disease activity [34]. Fig. 1 shows two separate still images from VCs on a
smartphone demonstrating active inflammatory arthritis (1A), and an acute left knee inflammatory
arthritis (1B), and the ability of the patient to see the clinician in real-time.

Remote triage, electronic ‘Advice and Guidance’: asynchronous care during COVID

Many healthcare systems have a pre-consultation exchange before a formal consultation. Tradi-
tionally this was by written questionnaire, but preliminary research in this area suggests that large

A) Smartphone video consultation: Active B) smartphone video consultation: Right knee
Psoriatic Arthritis, left hand. effusion, active inflammatory arthritis

(Sharing options shown in the diagram [cam,
mic, share, people, leave] provide the clinician
with options to include other practitioners on
the call, and alter audio, visual, and sharing
settings)

il ] 46 - 10:50 G-

AA B @ nhswhereby.com (] A B @ nhswhereby.com e

Fig. 1. Example of still images from two remote VCs identifying active disease, and outlining typical controls for the consultation
(Images from authors own collection).
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numbers of referrals can be triaged without face-to-face or review, with online or telephone dialogue
with the referring clinician from another speciality or primary care [35]. These strategies have the
potential to reduce rheumatology appointment waiting times, but are limited by the extent to which
clinicians can remotely access electronic patient records. This form of telemedicine and triage has been
used during the pandemic to facilitate consultations and provide advice to allied professionals caring
for patients, however, evidence to support wider uptake is awaited [27].

Patient portal, apps, and remote monitoring

During COVID-19, remote monitoring has been used to identify the risk of certain conditions,
population adherence to health policies (e.g. ‘social distancing’ in the UK) and understanding of
arthritis. In the absence of widespread testing early in the pandemic, mobile phone technologies
relying on standard smartphone technology were used to evaluate COVID-19 exposure in rheuma-
tology patients in the community. This has provided data on virus exposure, hospitalisation, adherence
to national public health advice, treatment adherence, and physical and mental health scores for
rheumatology patients [36]. Many hundreds of smartphone applications exist to remotely monitor RA
[37]. The challenge is often the integration of patient-reported data from these diverse applications
into routine clinical care and electronic records. This requires substantial information technology
resource [38]. Numerous commercial bespoke rheumatology remote monitoring systems have been
adapted for use in the pandemic [39]. These can collate higher risk patients in line with particular
clinical characteristics, for example, screening a large dataset for patients who have particular co-
morbidity combinations, such as chronic renal disease, age, combination biologic and DMARD drug
therapy, and apply scoring systems based on these metrics [24,40]. Patient-led follow-up, track and
trigger systems, and ‘virtual disease dashboards’ showing, for example, rates of change in symptom
scores in RA under therapy are in their infancy and will require substantial investment [41,42].

Prescribing, investigations, and procedures

Electronic prescribing and routine care through the pandemic has also changed. Initially, there was
concern that peripheral corticosteroid injections may increase the risk of COVID-19. Many national
societies advocated for caution, or complete cessation of corticosteroid injections for a range of in-
dications, following early COVID-19 research advocating against the efficacy of corticosteroids in
COVID-19 [27,43]. This was followed by research supporting corticosteroid use in acute serious
COVID-19 infection [44]. Concerns were also raised generally about the overuse of analgesics,
including opiate analgesic prescription and dependence in all patients in the face of the COVID
pandemic [45]. Further data are needed to know if these were justified, however, registry data did not
find an increased incidence of hospitalisation in rheumatology patients using a non-steroidal anti-
inflammatory drugs [46].

Patient education, risk assessment, and COVID advice

Several strategies were used to communicate guidance for patient-led risk assessments. In the
United Kingdom, national risk assessment scores required patients with serious illnesses to strictly
socially isolate, known as ‘shielding’, based on a risk assessment. In response, clinicians adopted SMS-
based mobile phone video messages to target rheumatology patients with educational messages and
a self-administered COVID risk score [47]. Other initiatives used similar hospital web-based resources
and shared information with rheumatology patients via social media and video platforms such as
YouTube [48]. Some national schemes provided information to high-risk rheumatology patients about
COVID-19 and centrally attempted to aggregate primary and secondary care data based on coding for
different conditions [49]. International societies such as the EULAR provided links to these ap-
proaches, and in some cases endorsed patient-facing resources from established charity sector or-
ganisations [9,50].
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Widespread adoption of virtual meetings to support the MDT

Previous face-to-face team meetings have been replaced by the widespread adoption of video-
conferencing and electronic multi-disciplinary team (MDT) meetings. This has allowed rheuma-
tology MDT meetings that include clinicians, radiologists, physical therapists, and nurse specialists to
take place without additional support [51]. Examples of team meetings being undertaken virtually
include education and continuing professional development (CPD), clinical governance, difficult cases,
radiology MDT meetings, departmental business meetings, and national rheumatology webinars. In
some settings, national procurement of videoconferencing software has enabled smooth, secure
working using commercial platforms, such as Microsoft Teams [52].

Novel approaches

Automated ‘chatbots’ (automatic text or voice-activated conversations) have been used to help
provide symptom checkers both in Europe and North America, adding an enhanced service outside of
those provided in the third sector and separate from traditional departmental telephone support lines
[53]. Anecdotal reports of a tripling of routine calls to services under strain at the start of the pandemic
were widely reported. Chatbots have been used by charitable organisations to support COVID care for
rheumatology patients, providing an interactive question and answer service [54]. Although interna-
tional automated helplines in multiple languages coordinated by the WHO have been implemented for
more general COVID-19 problems [55], the outcome from its use in rheumatology is awaited.

Advantages of these adaptations

Each of the adaptations provided present advantages to staff and patients in providing care remotely.
Numerous reports of positive patient experiences exist from these interventions during COVID-19. Both
synchronous and asynchronous telerheumatology interventions during the pandemic have been well
received, across Europe, North America, India, and Asia [28,29,47,56,57]. This is in keeping with histori-
cally high levels of patient satisfaction with telerheumatology [12]. During the pandemic emergency
attendance in US healthcare settings was approximately half of normal levels [58], with synchronous and
asynchronous telerheumatology has played a part in advising rheumatology patients. A national survey of
rheumatologists has shown high levels of satisfaction with telerheumatology from rheumatologists
working in the Department of Veterans Affairs (VA), particularly for follow-up of patients [59]. The use of
these tools, a range of PROMs, and patient triggered follow-up systems have all been cited as critical in
helping services adapt to the challenges of backlogs of patients and staff pressures, allowing the most in
need to be seen most urgently [42]. These have been adopted into routine clinical practice during COVID-
19 [57]. These telerheumatology interventions seem to have reached a wide range of follow-up patients.
Interestingly older age did not seem to affect patient engagement in a UK urban setting [36]. Previous
concerns about the widespread inability to access mobile phone or technology amongst older patients do
not seem to be replicated in clinical practice. There are likely to be patients that suffer through social
isolation from the pandemic, the use of automated procedures to support mental health alongside
physician contact remains a promising area but one requiring further research [60].

Disadvantages of telerheumatology

Despite the progress made, several potential disadvantages exist for the more widespread adoption
of telerheumatology.

Equity of access

Concerns have been raised about the possibility of contacting those in the most vulnerable groups
when telemedicine strategies are employed. It is estimated that up to 38% of US residents over 65 are
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not yet well placed to receive VCs, and 20% of those >65 unsuitable for telephone consults [61]. While
digital literacy is reported to be low in some cohorts of patients with rheumatic diseases, the optimal
strategy for the assessment of this literacy remains unclear, in this rapidly evolving area [62]. These
problems and associated ethnic and language variation, poverty, and mental health concerns all raise
questions as to how best to engage these harder to reach groups with telerheumatology [63,64].

Limitations-case complexity, new patients, and training

Telerheumatology has particular challenges in new patient assessments and for follow-up patients
where case complexity requires more detailed physical examination. Clinicians expressed high levels of
dissatisfaction for the clinical contacts for new patients, and felt it was not useful where a diagnosis has
not already been made [59]. For these new patients, and for more complex patients, routine obser-
vations, that may be critical to the care of patients with autoimmune rheumatic diseases including
urinalysis, temperature, weight, height, oxygen saturation, and blood pressure are not routinely
measurable remotely at this point. The lack of physical examination and observations represents a
potential reduction in diagnostic accuracy and quality of care [20]. Clinicians, therefore, often favour
face-to-face review in patients with higher case complexity such as systemic vasculitis and systemic
lupus erythematosus [65], and the clinical impact of less frequent testing is unclear. Patient self-
reported PROMS proposed as ‘vital signs’ for rheumatology, such as the RAPID3 have utility, howev-
er, they cannot replace face-to-face review [66]. There have also been concerns raised about the loss of
routine physical examination during the COVID-19 pandemic. An example is the loss of the reassurance
of negative physical examination findings in the avoidance of therapies such as antibiotics [67]. These
concerns have been repeatedly raised in rheumatology which has a significant focus on physical ex-
amination in comparison with some other specialities [68]. Self-reported disease activity metrics have
limitations. The accurate detection of joint swelling via an audio-visual link for the presence of joint
swelling was found to be as low as 15% in a telerheumatology setting [69]. Anecdotally, we have seen
increased use of rescue steroid courses for ‘flares’ in rheumatic illnesses. Finally, the lack of non-face-
to-face appointments represents a significant barrier to training both clinical and support staff in
outpatient specialities such as rheumatology. Traditional models of trainee development and assess-
ment are challenging and while remote approaches to these issues may be feasible they have yet to be
developed [70].

Information governance and risks

With the rapid pace of change, there are risks associated with the adoption of telemedicine, such as
data security and personal information, prescription management, hacking and data breaches, and
data loss. Although many information governance concerns have been waived by regulators during the
pandemic as is the case in the UK, this is the subject of further research [71]. Although several tele-
medicine platforms have been approved by national regulatory agencies, as clinicians have adapted to
the pandemic, reports of consultations utilising popular social media applications, such as WhatsApp
and TikTok have emerged [56]. Despite the US outlining ‘an unprecedented array of regulatory waivers
and new rules’, these challenges are likely to re-emerge post-COVID [72].

Regulatory challenges: funding, fraud, and data management

Several concerns have been raised about the cost of telerheumatology. Regulatory regimes in
Europe and North America will impact on the use of smartphone devices and commercial applications
because of compliance with regulatory requirements, such as the Health Insurance Portability and
Accountability Act (HIPPA), which protects patient information in the United States [73]. In the race to
adapt to COVID-19, free VC services received regulatory approval in the UK, however, the longer-term
funding and cost of these services remain to be determined [74,75]. There are clear cost offsets if less
outpatient space and facilities are found to be required with increased online consultation. Regulation
and funding in the medium-term remain an ongoing concern [38]. A huge amount of data is generated
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by a range of remote monitoring systems, across a variety of applications, smartphone types, wearable
technology is a challenge. The interpretation and meaningful assimilation into electronic health re-
cords in a useable format represent a challenge for clinicians and IT professionals [76].

Research agenda and future strategic planning

Long-term strategic planning for the future of telemedicine in general, and telerheumatology in
particular, appears to be lacking. It is reported four in ten CEOs of US healthcare systems have no digital
component to their overall strategic plan, due, in part to significant concerns regarding data protection
and privacy [77]. Urgent service evaluation of telemedicine developments is needed to determine how
best to deliver, scale, evaluate, and distribute advances in digital health to rheumatology patients [38].
Patient-reported outcomes electronically entered into research registry studies have shown promise
and are routinely used for in clinical trials in rheumatology [78]. There is an emerging evidence base
that smartphone apps may reduce anxiety, and initiating behaviour change, but there remains limited
data specific to autoimmune rheumatic diseases [79]. Given the exponential rise in data, rheumatology
practitioners have reported challenges in accommodating patient self-reported symptoms and activity
indices derived from smartphone data [37]. It remains to be seen how hospitals and healthcare pro-
viders will strategically plan to integrate and respond to the information technology, regulatory, and
financial challenges that are presented alongside these advances [77].

Lessons learnt

The opportunity to learn lessons from COVID-19 to reduce unnecessary attendance, investigation,
and treatment remains an intriguing possibility for rheumatology [80]. While a ten-fold increase in
teleconsultations was reported at the beginning of the pandemic, concerns remain about what may be
temporary gains in healthcare systems that have generally been historically slow to adopt telemedicine
[72]. We have outlined several advantages and disadvantages of these approaches. Innovation rapidly
delivered at the international level [55], needs to be scaled and supported at a national and local level
within rheumatology. From a technical aspect, almost anything that can be imagined in tele-
rheumatology might be possible using novel technologies. The future challenges are to develop sus-
tainable methods that are suitable for triage, diagnosis monitoring of patients, and teaching and
assessments of trainees.

Summary

Telemedicine is remote clinical care that relies on electronic devices, such as computers and,
increasingly, mobile devices using both interactive and non-interactive techniques. Originally
conceived to widen access to healthcare for remote communities, COVID-19 saw an exponential in-
crease in the utilization and development of telemedicine applications. The pandemic has been a
stimulated the rheumatology community to respond flexibly and has resulted in a large expansion in
telerheumatology. Developments have included widespread uptake of VCs, remote triaging and
monitoring, electronic prescribing, web-based patient education, virtual MDT conferences, and novel
approaches. Clinical need and patient safety have trumped historical regulatory concerns and barriers
regarding information governance, funding, legal requirements, and regulatory oversight. Some bar-
riers and concerns still exist, such as equality of patient access and concerns that limited clinical
assessment. Despite this, patient experiences of these changes were found to be positive. These ap-
proaches have successfully reached vast numbers of patients during the pandemic, including older
patients. We have presented data on some successes, highlighted future opportunities and challenges.
Moving forward, a key lesson learnt from the response to the COVID-19 pandemic, much like tech-
nology applications in other fields, is that it is not ‘if but ‘how’ rheumatologists and healthcare or-
ganisations should adopt and integrate telerheumatology into their existing practice. While
telemedicine uptake has been historically slow, there is a pressing need for longer-term planning of
telemedicine and telerheumatology development.
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Practice points

1. Telerheumatology may be synchronous (real-time) and asynchronous (store-and-forward)
telemedicine interventions.

2 .Coronavirus disease 2019 (COVID-19) has transformed the delivery of standard rheuma-
tology outpatient care, with widespread uptake of telemedicine used to assist referral,
assessment, and management.

3. Telerheumatology has been well received with low-cost flexible approaches being positively
evaluated by patients, with numerous examples of innovative practice.

4. Legitimate regulatory, data protection, and funding concerns that were relaxed during the
COVID-19 pandemic will continue to pose a challenge to longer-term uptake and innovation.

5 Concerns remain for marginalisation patients where age, ethnicity, language barriers, or
poverty may limit engagement with digital tools or internet-enabled technology.

Research agenda

1. Determine how to evaluate the patients and clinical scenarios where telerheumatology will
provide high-quality, safe, effective care.

2. Determine the optimal functionality, design, interoperability, and data storage for platforms
used to video consultations (VCs).

3. Understand how various telerheumatology interventions impact on longer-term outcomes

such as behavioural change, disease activity, patient safety and patient experience both

during and beyond the coronavirus disease 2019 (COVID-19) pandemic.

Standardised outcomes for evaluating new telerheumatology interventions.

Establish how patient representatives, rheumatology practitioners, information technology

companies and partners, third-sector organisations, and rheumatology societies can best

shape the ongoing affordability and sustainability of telerheumatology.

o P
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