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Transforming ophthalmology in the digital century—new care
models with added value for patients
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Ophthalmology faces many challenges in providing effective and meaningful eye care to an ever-increasing group of people.
Even health systems that have so far been able to cope with the quantitative patient increase, due to their funding and the
availability of highly qualified professionals, and improvements in practice routine efficiency, will be pushed to their limits.
Further pressure on care will also be caused by new active substances for the largest group of patients with AMD, the so-called
dry form. Treatment availability for this so far untreated group will increase the volume of patients 2–3 times. Without the
adaptation of the care structures, this quantitative and qualitative expansion in therapy will inevitably lead to an
undersupply.There is increasing scientific evidence that significant efficiency gains in the care of chronic diseases can be
achieved through better networking of stakeholders in the healthcare system and greater patient involvement. Digitalization
can make an important contribution here. Many technological solutions have been developed in recent years and the time is
now ready to exploit this potential. The exceptional setting during the SARS-CoV-2 pandemic has shown many that new
technology is available safely, quickly, and effectively. The emergency has catalyzed innovation processes and shown for post-
pandemic time after that we are equipped to tackle the challenges in ophthalmic healthcare - ultimately for the benefit of
patients and society.
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DIGITALIZATION ACCELERATES CHANGE
Digitalization has radically changed many areas of our lives.
Astonished teenagers listen with eyes wide to the stories of
cassette recorders, booking air travel on the telephone, looking
through library card index for research, or visiting the bank teller
to withdraw money for the week. Growing up in a world of
Spotify, travel portals, AirBnB, Amazon, Google, Neobanks and
multiplayer online games, these tales seem like stories from an
old, distant world, even though they were the norm a mere few
decades ago.
Conversely, such disruptive and radical changes have not yet

occurred in the medical domain [1]. Despite the availability of
technology for the purpose of delivering digital first solutions such
as electronic medical records, algorithmically supported image
analysis and remote diagnosis with telemedicine, change in
healthcare has been slower, more cautious, and unequally
distributed compared to industries such as retail, commerce, or
banking [2, 3].

DIGITALIZATION IN MEDICINE
Many areas of medical care have remained essentially
unchanged for half a century. Medical practice remains to a
large extent institution-bound and doctor-centred [4]. The
patiens [lat] - the patiently sufferer, goes to the place of medical
knowledge - the medical centre - to obtain advice on the
existence and the course of (his) disease. While digitalization has
led to comprehensive customer-centricity in many areas, such
examples are rare in medicine. While doctor-centred institution-
bound care will remain important throughout digital innovation
in medicine, it will be crucial to determine which aspects of care
can be decentralized to the benefit of relieving the pressure of
healthcare systems, patients, and medical personnel. Approaches
to greater patient-centricity and more decentralized care can be
observed in chronic diseases such as bronchial asthma, chronic
obstructive pulmonary disease, heart failure and diabetes
mellitus (summarized in [5]). For some, rarer diseases, so-called
home care approaches have become established, in which
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patients are visited at home by specialized nurses and treated
with infusions, for example [6].

DIGITALIZATION IN OPHTHALMOLOGY — HURDLES AND
OPPORTUNITIES
In ophthalmology, new approaches making benefit of innovative
digital solutions have been developed, particularly in Northern
Europe, the UK and Australia, partly in national programmes, in
the care of patients with chronic retinal diseases such as diabetic
macular oedema (DMO) and age-related macular degeneration
(AMD) [7–21]. Both conditions are chronic and lead to severe
visual impairment if left untreated. If detected, they can be
controlled albeit with complex, variable, frequent and prolonged
treatments regimes - the regular application of the active
substance directly into the eye several times a year. The strain
on the patient and their carers to follow such a therapy for a
longer period of time is considerable [22]. Unfortunately, we still
observe too many therapy discontinuations and only some of the
reasons are known including low vision at baseline and extent of
co-morbidity [23]. This occurs despite overwhelming evidence
that therapy interruptions lead to a lack of care, which results in
vision loss and a large national disease burden and in many
regions treatment discontinuation is not detected and acknowl-
edged. However, it may be difficult for ophthalmologists to
perceive this problem in their daily practice.
Many initiatives, including telemedicine services or home-

monitoring programmes aimed at introducing digital innovations
into ophthalmic care to combat treatment disruptions are still in their
infancy, despite their medical and economic importance. The
obstacles to implementing innovation are complex and country
specific. In a survey of global experts in retinal diseases on their views
on the introduction of digital health applications, many were rather
sceptical. The lack of reimbursement for these kinds of services was
the main reason cited for not offering tele-ophthalmology, a barrier
that was removed during the SARS-CoV-2 pandemic [1].
A lack of pressure to innovate and a lack of incentive systems,

regulatory concerns such as data security and unsuitable tariff
structures for mapping innovative care systems in existing
remuneration models and financial losses on the part of the
physician are other frequently cited factors. Again, the emergence
of the SARS-CoV-2 pandemic and the associated lockdown
abruptly changed this in many countries [24].
In most countries, outpatient ophthalmology services were

largely disrupted if not completely halted within days. Patients
feared infection in hospital, medical staff were withdrawn to treat
Covid-19 patients and regular services were suspended for safety
reasons. In the UK, where the impact of the pandemic on
ophthalmic care was analyzed in detail, 80% of outpatient
consultation capacity was suddenly stopped for several months.
In the USA, but also in Switzerland, the processes of follow-up
examinations, for example in patients with diabetic retinal
diseases, had to be drastically adapted for social distancing
purposes. In some cases, vision tests and imaging diagnostics
were abandoned and only treatment was given. Furthermore,
many patients with chronic eye diseases, who would have needed
treatment chose to remain at home and thus risked - and
sometimes experienced - permanent vision loss.

THE SARS-COV-2 PANDEMIC AS A CATALYST FOR
INNOVATION
In this crisis, the ophthalmologic routine was shaken up and there
was suddenly room for new ideas. There was pressure to innovate,
and the delivery of care now suddenly had to reach the patient
rather than the other way around. Across the globe, initiatives
developed to ensure minimal necessary care using home measure-
ments, telemedicine services and telephone consultations [25].

Out of the need to innovate, new types of care structures
quickly emerged, which were also able to demonstrate their
benefits in scientific studies. New paradigms were created out of
pure necessity of the pandemic situation where the patient is at
the centre of care. This focus leads to a more decentralized
medicine, a stronger networking of different specialists in patient
care and - through the inclusion of home measurements - a new
quality of data for the monitoring of disease progression. From
this interplay, a new vision of ophthalmic care emerges which
even today has a great rationale. Table 1 provides a selection of
monitoring tests available to assess the visual system at home.

THE NEW SUPPLY REALITY
The care of AMD and DMO is facing major challenges due to socio-
demographic change. According to the latest figures, the number of
patients with AMD will rise from around 200 to 290 million

Table 1. A selection of monitoring tests available for home evaluation
of ophthalmologic parameters.

Clinical
parameter

Test User

Visual acuity

Eye Test Patient

OptOK Patient

Snellen Patient

HOTV Acuity Patient

Eye Test Free Patient

Check My Eyes Patient

iSnellen Patient

Eye Test Dr Patient

Eye Chart Patient

iExam Patient

Optician Patient

logMAR Tumbling-E VA charts Family screeners

Sightbook Patient

Checkup Vision Assessment
(Digisight)

Patient

Telephone assisted five-staged
evaluation tool

Interviewer

Ridgevue Vision application Lay person,
Patient

Odysight Patient

Metamorphopsia/Hyperacuity

Alleye Patient

ForeseeHome AMD Monitor Patient

Home Vision Monitor / mVTX Patient

MacuFix Patien

PreView preferential hyperacuity
perimetry

Patient

M-CHARTS Patient

3D display device Patient

Amsler grid Patient

Retinal morphology

Self-Examination Low-Cost Full-
Field Optical Coherence
Tomography (SELFF-OCT)

Patient

notal home optical coherence
tomography

Patient

Intraocular
pressure

Proview eye pressure monitor Patient

iCare® Home Patient

Visual Field Test Melbourne Rapid Field Patient

visualFields Easy Patient

Eyecatcher Patient
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worldwide by 2040, and the number of patients with diabetes from
around 400 to 650 million [26, 27]. In Switzerland for example, the
number of patients with AMD and DMO treated with intravitreal
injections is currently estimated at approximately 30,000. Around 350
ophthalmologists currently administer around 170 thousand injec-
tions per year. In recent years, the market for intravitreal injections
has grown by about 17 percentage points per year [28]. Due to
demographic changes, the AMD market will grow significantly over
the next two decades.
If care remains the same, treatment bottlenecks are to be

expected only from demographic shifts. Moreover, further pressure
on care will soon be caused by drugs targeting at the much larger
group of patients with the so-called dry form of AMD. Two pivotal
phase 3 trials on the treatment of advanced dry AMD were recently
finalized and are currently submitted to the regulatory authorities
[29]. This will increase the volume of patients many times over.
Pharmaceutical companies are already advanced in developing

innovative therapy options with reduced number of annual
treatments. In addition, two novel therapy concepts for AMD
and DMO are about to enter the market, which can reduce the
therapy intensity to half or even one third [30–32]. Although
these innovations will bring initial relief to the care system, care
efficiency must also increase and attractive, innovative reimburse-
ment models must be implemented [1].

INDIVIDUALIZATION OF TREATMENT — PERSONALIZED
HEALTHCARE
Ideally, treatment is directed to the specific treatment needs of a
patient. If the condition is stable and no treatment is needed at the
medical centre, there should be no in person consultation. The so-
called treat and extend strategy is already in use in many patients
and combines a clinical follow-up with the treatment visit. But due
to possible appointment delays and deterioration in the fellow
untreated eye, an additional safety net is necessary, especially for
patients with long treatment intervals. If treatment is necessary, it
should be possible to provide it flexibly. In principle, this ideal type
of care is within reach because all the necessary organizational and
technological requirements are already in place. Ironically, one is
almost inclined to say, it was the pandemic crisis that opened our
eyes to this. It highlights again that social and medical transition
cannot be planned; sometimes it progresses slowly, sometimes
quickly based on crisis and need [33].
An important piece of the puzzle of this care is the patient’s simple

self-measurement of the course of the disease. The data from these
measurements are automatically categorized (green, yellow, red) and
sent to the attending physician or the clinic via telemedicine
platforms and the patient receives instant feedback about his status.
If the data show abnormalities in the sense of a worsening of the
disease, the clinic contacts the patient and plans further care or vice
versa and needs to be agreed with the patient initially. Currently, two
mobile applications that test a specific visual function and can be
used on smartphones or tablets. Clinical studies have shown that
therapy management through self-measurement with home mon-
itoring assessing visual function is able to identify the group of
patients who need treatment [11, 12, 15, 17, 20, 24]. Very recently,
also a mobile imaging device (Optical Coherence Tomography (OCT))
has become available for home measurement by the patient,
providing real-life structural retina data [16]. A few home OCT
devices have already been tested for their applicability in clinical
studies [18, 34]. Ultimately, a home measurement system creates an
additional opportunity of patient doctor interaction and a channel to
address fears and uncertainties regarding the therapy.

RELIEF FROM PHYSICIAN-CENTRED CARE STRUCTURES
Such an innovative and patient-centred care system could be
supplemented by the inclusion of other non-medical stakeholders

who care for the patient regarding visual function if patient
number pressure requires it. It is readily conceivable that regular
imaging examinations – which are typically performed in hospitals
or by specialists in private practice and provide the indication to
treat according to the guidelines – could be performed in a
decentralized system at the optician’s or pharmacist’s premises
under the supervision of ophthalmologists and in conformity with
the legal system.
If patients are severely restricted in their mobility, a team of

non-medical specialists can also carry out a basic ophthalmolo-
gical examination with a telemedical assessment on site within a
home care framework. Such a service has been available in
Switzerland for about two years and is reimbursed by health
insurances [35]. Patients and doctors can derive a lot of benefit
from this additional service. For patients, the hurdle to accessing
medical care is noticeably reduced and the attending physicians
can create the necessary organizational prerequisites before the
doctor’s visit to ensure an efficient examination and treatment
due to the information they receive from the referring service.
Image analysis can also be performed by specially trained non-

medical professionals, supported by automated image analysis
outside the hospital in a reading centre. Reading centres and
other specialists with the help of retina experts are the ones who
currently develop AI based systems which should be able to
decide if there is disease activity and make treatment suggestions,
e.g., treatment intervals [10, 14, 21, 36–38]. In the UK, a national
system organized in this way to detect diabetics with retinal
diseases requiring treatment has led to a marked reduction in
legal blindness and an improvement in care without the need to
increase medical staff [19]. Key of these approaches is the hybrid
model, combining advanced imaging technology with an initial
automated assessment, followed by a second human virtual re-
examination if needed.

REDUCTION OF OPPORTUNITY COSTS FOR PATIENTS AND
THEIR RELATIVES
The organization of treatment for AMD and DMO also has
resource-binding consequences for the patient, carer and
relatives. However, reliable study data on this subject are hard
to find [22]. Going to a medical consultation and treatment often
requires accompanying persons who will stay away from work
during this time, driving services and planning. In the best case,
these efforts are limited to times when the use of medical services
is indispensable. The introduction of a telemedicine service at the
renowned Moorfields Eye Hospital in London during the lockdown
in 2020 reduced the number of patient journeys by 1.4 million
kilometres in the emergency department alone. It saved patients
and their carers 6.4 years of travel time and avoided the
equivalent of 51,000 litres of CO2 emissions from petrol (Dr Dawn
Sim, personal communication).

OUTLOOK
Ophthalmology faces many challenges in providing effective and
meaningful eye care to an ever-increasing group of people. Even
the health systems that have so far been able to cope will face
similar pressures of a global aging demographic and need for
highly qualified professionals. The digital era offers new innovative
approaches to decentralized, personalize, and democratize eye
care for patients whilst allowing the healthcare workforce to
practice at the top of their license. The overwhelming challenges
for ophthalmologists in the coming years to cope with the large
number of additional patients in the practice require a concerted
interaction of new therapeutic approaches, technological innova-
tions but also regulatory support and incentive systems so that
the change can be initiated in time. To this end, it is also necessary
to provide training for professionals on the new technologies and
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possibilities so that sufficient competence is built up for the
implementation of new care structures.
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