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ABSTRACT

Objective The purpose of this study was to evaluate

the stratification of follow-up and referral pathways after
implementation of a systematic cloud-based electronic-
referral teleophthalmological service for optometry-
initiated ocular posterior segment disease referrals to the
Danish national eye care system.

Methods and Analysis A retrospective cohort

study was conducted in the period from 1 August

2018 to 31 July 2019. Patients with suspected ocular
posterior segment disease reviewed by the telemedical
ophthalmology service were included. The service stratified
patients into the categories: no need for follow-up, follow-
up by optometrist, follow-up by the telemedical service
and referral to the national Danish eye care service.
Results From a pool of 386361 customers, 9938
patients were enrolled into this study. 19.5% of all patients
were referred to the Danish national eye care system,
while 80.5% of the patients in the telemedical service
were not, in the period from 1 August 2018 to 31 July
2019. 14.4% of the optometrist referrals did not need any
follow-up, while a majority of 66.1% needed some follow-
up either by the optometrist themselves or within the
telemedical service.

Conclusion Optometrist posterior segment disease
referrals can be considerably reduced with a risk stratified
approach and optimal use of technology. New models can
improve and streamline the healthcare system.

DANISH TELEOPHTHALMOLOGY PLATFORM RISK
STRATIFIES REFERRALS FROM OPTOMETRIST TO
OPHTHALMOLOGIST

Healthcare systems differ across the world
according to the needs, demands and the
economy of each country.! The Danish
Healthcare System is built on a universal
welfare-based model, and is further grounded
on a hierarchical medical system. The general
ophthalmologist (the primary sector) main-
tains the gatekeeper function to refer relevant
patients to the secondary sector (general eye
departments) or the tertiary sector (univer-
sity eye clinics). General practitioners (GPs)
and optometrists frequently refer to the
general ophthalmologist, but according to
the Danish patient protection act, all citizens

Key messages

What is already known about this subject?

» The number of patients in eye care has risen dra-
matically during the last two decades. Optometrists
are a well-known referral partner, and different
strategies (eg, education and implementation of
guidelines) have been evaluated. However, there is
only very limited knowledge of how implementation
of state-of-the-art cloud-based e-health models can
impact the referrals to the ophthalmologists.

What are the new findings?

» This is the largest real-world e-health-based
optometry-opththalmology study. It demonstrates
a new industry standard with a fully functioning e-
health-based ophthalmology service that drastically
reduce referrals to the national healthcare system,
as well as enacts measures for telemedical follow-
up systems.

How might these results change the focus of

research or clinical practice?

» This study demonstrates that new digital healthcare
models, which focus on a risk-stratified approach
with optimal use of technology, change of working
patterns and continuous education, can further opti-
mise the healthcare system.

have the right to seek an appointment them-
selves without any referral. Unlike in the UK,
a country with similar welfare-based model,
Danish optometrists are not part of the
Danish Healthcare System.”

Though the Danish optometrists were
recognised as healthcare providers by the
Danish Patient Safety Authority in 1994, it
was not before 2007 that optometry was estab-
lished as a professional bachelor’s degree
with a master’s programme in 2014. Danish
optometrists are partly trained in slitlamp
funduscopy along with common fundus
pathologies in their bachelor’s degree and
contain the right to diagnose, but neither
master or bachelor optometrists have the right
to use mydriacs or therapeutic ophthalmic
drugs. Danish optometrists hold various
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positions in the national eye care system as well as the
private eye care industry: monitoring patients preopera-
tive and postoperative care in cataract surgery, refractive
surgeries, AMD management, diabetes management,
glaucoma monitoring. However, the vast majority of
optometrists are employed in optical retail industry.
Thus, there is a wide-ranging discrepancy in competence
level across the profession.’

In a global perspective the optometrist role is indeed
varying from nation to nation. The optometrists’ role
in the UK have increased during the past decades due
to a growing clinical demand along with constraints on
the number of training posts in ophthalmology. Hence
optometrists in the UK have seen their roles and scope
of practice extend along with legislative changes, notably
along with independent prescribing in 2008. Several
British studies have found good outcomes in optometry-
involved clinics in regard to management of glaucoma,
minor eye conditions, diabetes and acute eye diseases."”

The overall number of ophthalmologists in Denmark
has been slightly increasing during the last decade,
on average 79 per million population, similar to most
western continental European countries.”® On a global
scale, the number of patients in eye care has risen dramat-
ically during the last two decades, which has resulted in a
shortage of eye care professionals globally.” The Danish
Patient Association for Prevention of Blindness, Fight for
Sight (@jenforeningen), reports a similar finding with a
surge of 49% in the number of examined or treated eye
patients in the primary sector in the age group of 60-74
years in the period from 2007 to 2016.

Strategies to combat inevitable waiting times for
appointments by the Danish Healthcare System include
implementing new technological systems, instituting new
work patterns and/or training more eye care profes-
sionals.’ "

In the last 5 years, the majority of Danish optical compa-
nies have identified and filled this gap in the market,
evolving from primarily offering refraction/anterior
segment investigations towards providing their customers
with a more comprehensive vision examination, which
includes posterior segment fundus 45° imaging, non-
contact tonometry and visual field analysis. This trend is
has been observed across most of Europe, particularly in
the UK."" This has received a mixed response from the
primary eye care sector, particularly as increases in false
positive referrals would negate any benefits gleaned from
this service.'> ¥ In order to address this, a telemedical
ophthalmology service with an e-referral cloud-based
platform model was implemented systematically for the
optical company Louis Nielsen A/S’s 77 stores. Although
there has been some pilot studies on the applications of
telemedicine,14 to the authors” knowledge, this is the first
Nordic study and the largest in the field.'”"”

The purpose of this study was to evaluate the follow-up
and referral pattern after implementing the telemed-
ical service (TS) for optometrists’ suspected posterior
segment pathology and further characterise the common

and rare disease findings according to the referral
pattern.

MATERIAL AND METHODS

Prior to the implementation of the TS, a pilot study
was conducted to investigate the referral rate. This was
done by one ophthalmologist in the period from 1 April
2018 to 1 May 2018. A total of 715 patients, whom the
optometrist would have referred directly to the national
eye care system, were instead referred to a telemedical
setup with one ophthalmologist, who evaluated all cases.
Major findings were 12.5% of the patients were referred
to the national eye care system, 30.5% needed follow-up
by the optometrist, 30% needed follow-up teleophthal-
mologically, while the remaining 16.5% did not need any
further follow-up. This pilot study provided key insights
in order to proceed with the study.

The setup was introduced, 1 June 2018, and has been
fully operational since the 1 August 2018. This retrospec-
tive cohort study was based on all referrals to the TS in
the period from 1 August 2018 to 31 July 2019.

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

The work complies with the criteria defined by the
Declaration of Helsinki. Prior to sharing data via the
cloud, mandatory consent to company policies and data
processing were obtained from the patients. The data
were extracted fully anonymously, hence no permission
for the use of the data was necessary according to The
Danish Data Protection Agency.

The ereferral plattorm was enabled using a multi-
centre storage cloud-based-imaging-software provided
by Optoflow, Kide (Finland). Data registration and
patient referral to the online national referral platform
(REFHOST) that links to every general Danish ophthal-
mologist, GPs and rest of the healthcare sector, were
provided by Novax A/S (Aarhus, Denmark). All data
storage and data management comply with the General
Data Protection Regulation Standards.

The setup

The setup is illustrated in the flow chart (figure 1). Any
customer above 16 years who underwent refraction for
spectacles (vision examination) were further offered a
comprehensive optometrist examination that apart from
refraction included non-contact IOP, slit lamp examina-
tion, fundus imaging and in relevant cases visual field
analysis. The patient provided verbal consent prior to any
examination.

All patients visiting a Louis Nielsen A/S store, who
underwent a comprehensive optometrist vision exam-
ination and referred to TS, were registered in the
cloud-based system Optoflow and fully available for the TS
ophthalmologist. This included relevant patient history,
best-corrected visual acuity without and with pinhole,
intraocular pressure (IOP) by either rebound-tonometry
(Icare, Helsinki, Finland) or non-contact-tonometry
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Figure 1 Flow chart illustrating the patient journey. Number
of patients (n). *Represents the percentage of patients
included in the telemedical service (TS) (9938) from the

pool of total number of comprehensive optometrist vision
examination in store (328407). **Represents the percentage
of patients undergoing further stratification in the TS for
either referral (different categories), follow-up and no referral/
follow-up from the total number of patients in TS (9938).

(Nidek Tonoref I1/11I, Japan), description of the slit lamp
examination, 45° colour fundus image (Centervue DRS,
Italy), 4-in-1 visual-field-report (Haag-Streit Octopus 900,
Switzerland) in relevant cases and a conclusion including
a tentative International Classification of Diseases, 10th
Revision (ICD-10) diagnosis.

All optometrists (total: 272) in all Louis Nielsen A/S
stores were provided with referral guidelines that were
based on the national referral guideline between optom-
etrist and ophthalmologist from the Dania College of
Optometry.'” A particular change in practice for optome-
trists were introduced in relation to all posterior segment
diseases: when the optometrist wanted to refer a patient
due to ocular posterior segment pathology, the optome-
trists complied to exclusively e-refer the patients to the
TS. The optometrist referred the patient according to
the three different suspected referral pathways: suspected
acute (within 24 hours), suspected subacute (within 4
weeks) or suspected normal waiting time (non-acute). In
suspected acute cases, the optometrist sought an imme-
diate phone call-based consultation with an immediate
action provided by the TS ophthalmologist. Suspected
subacute cases were always reviewed on the same day,
while normal waiting-time (non-acute) patients were
examined within three working days by the TS ophthal-
mologist. The optometrists also complied to follow up on
TS replies including patient contact within three working
days in case of normal referrals and within 24 hours in
subacute cases.

The TS consisted of 11 consultant ophthalmolo-
gists, registered in the specialist register by the Danish
Patient Safety Authority. They all complied to a set of
guidelines for referral to the Danish Eye Care Service
that were aligned between the Danish Ophthalmology
Society (Danske @jenlaegers Organisation) and mit@je
ApS. Internal guidelines were implemented for the

TS ophthalmologists. Patient referrals were assigned
randomly and evenly with no influence from the refer-
ring optometrist.

The TS ophthalmologist provided the optometrist with
a description of the clinical findings, ICD10-diagnosis,
follow-up/referral pathway plan and in relevant cases an
e-referral on the national referral platform (REFHOST).
The TS ophthalmologist’s referrals to the national eye
service were accordingly: All acute sight-threatening
cases were immediately referred to the local tertiary eye/
neurology clinic, while subacute and normal waiting
patients were referred to the general primary ophthal-
mologist.

According to a calculated power analysis, 2.5% of all
ophthalmologist examinations in TS were re-evaluated by
one single ophthalmologist on a weekly basis.

Exclusion criteria of this study were patients with
already known ocular diseases with existing follow-up
regimen with an ophthalmologist.

Statistical methods

Data from the Novax A/S (Aarhus) were exported to
an Excel spreadsheet (Microsoft, Washington District
of Columbia, USA) for statistical analyses. All normally
distributed data mean values are reported with 95% CI.

RESULTS

A total of 386361 customers underwent a vision exam-
ination in the study period, and 85% of these customers,
equivalent to 328407 customers, underwent a compre-
hensive optometrist vision examination from which 9938
patients (3%) were enrolled into this study with optom-
etrist suspected ocular posterior segment pathology.
An even distribution of referrals according to the total
number of vision tests were observed across all geographic
locations (p<0.05) .

No significant age difference between the customers
who underwent a comprehensive optometrist vision
examination and those referred to TS were found
(p>0.05): accordingly males were averagely 47.5 years,
95% CI (20.3 to 69.3) and females were 45.4 years, 95%
CI (20.0 to 74.0) vs males 55.5 years, 95% CI (36.2 to 70.3)
and females 53.4 years, 95% CI (31.2 to 75.0). Further no
significant difference in genders were observed.

Though average age between acute referrals (32.5
years, 95% CI (29.2 to 61.3)) and non-acute referrals
(54.5 years 95% CI (33.2 to 70.3)) were observed, this
finding was also non-significant (p>0.05).

False negative review was performed in 2.5% of all TS
ophthalmologist reviews and no significant change in
diagnosis or plan was found.

Time measurements

The mean time spent from when the optometrist e-re-
ferred a suspected non-acute patient until the review
was done by the TS ophthalmologist was on average 29
hours, 2min and 28s 95% CI (18.54.28 to 39.10.28).
Mean time for the optometrist to communicate the TS
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Figure 2 The total diagnoses TS ophthalmologist among
patients who were included in the study. Total number of
patients included in this study were 9938. TS, telemedical
service.

ophthalmologist diagnosis and follow-up plan to the non-
acute patientwas 55 hours, 1 min and 31s95% CI (39.1.20
to 96;71.1.20). The average non-acute patient journey
time was 115 hours,18 minutes, 1s 95% CI (46.18.1 to
184.18.1).

As optometrists used the phone-service for immediate
action similar time journeys were not measurable for
acute and subacute patients.

Follow-up and referral pathways in TS

As illustrated in figure 1, the TS referred 19.5% (1938)
of the patients to the Danish national eye service, while
80.5%, equivalent of 8000 patients, were not referred in
the period from 1 August 2018 to 31 July 2019. 14.4%
(1431 patients) of the referrals in TS did not need
any further follow-up, while a majority of 66.1% (6569
patients) needed some follow-up either by the optome-
trist themselves (46.8% (4651 patients)) or by follow-up
within the TS (19.3% (1918 patients)).

Referral characteristics

The most frequent TS ophthalmologist findings among
the optometrist referrals to the TS were in 78% of the
cases: various retinopathy (the largest group, repre-
senting a broad mix of various retinal changes that
range from benign, age related to disease-associated

risk factors), normal (optometrist suspected posterior
segment disease, that were ruled out by TS ophthalmol-
ogist), screening for glaucoma (patients with risk factors
requiring glaucoma monitoring (visual field, optic disc
evaluation and IOP-measurement), but with no sign of
glaucomatous damage), glaucoma (based on ocular
history, optic disc evaluation on fundus and visual fields
over time), dry age-related macula degeneration (AMD)
and choroidal nevus (figure 2). Meanwhile, TS referrals to
the general ophthalmologists within the normal waiting-
time were in around half the cases due to screening for
glaucoma, various retinopathy, glaucoma, dry AMD and
cataract (figure 3). Noticeable is that the diagnosis cata-
ract was often found in patients referred with suspected
posterior segment disease, and in these cases it was diag-
nosed by the TS ophthalmologist based on the ocular
history, visual acuity with and without pinhole, change in
refraction, slit lamp examination description and clear-
ness of the fundus images.

Approximately one-fourth of the subacute referrals
were due to wet AMD (figure 4), while papillary oedema
(bilateral in 85% of the cases) was the most common
referred diagnosis within 24 hours (acute) (figure 5).
A much less prevalent acute reason for referral was IOP
above 30 mm Hg (ocular hypertension) (figure 5).

Approximately 50% of the optometrist follow-ups
(both with and without TS) are related to ocular hyper-
tension, dry AMD and choroidal nevus. The other half
being various retinopathies.

DISCUSSION

The number of patients enrolled in TS (9938) are from
a larger pool of customers undergoing a comprehen-
sive optometrist vision examination (328 407), which
accounts for 85% of the total number of customers for
vision examinations. As the optometrist comprehensive
vision examination is offered at no additional charge,
the authors believe the most likely explanations for the
remaining customers (15%) are: age less than 16 years
old, customers already enrolled into the national eye care
system or customers, who simply didn’t have the time or
desire for further testing.

Posterior segment diagnoses were similar to what is
shown in other national studies.'”° However, a relatively
high number of bilateral papillary oedema patients were
observed in this study; a likely consequence that patients
with ‘headache’ seen by GPs are often sent directly to an
optometrist.

The most common TS referral diagnoses to the general
ophthalmologist were glaucoma (diagnosed by evalu-
ation of optic disc, IOP and visual field) and glaucoma
screening (patients with severe risk of glaucoma devel-
opment), which accounted for a total of one-fourth of
all patients referred within a normal waiting time (non-
acute). The overall prevalence of glaucoma in Denmark
is estimated to 3.76% in the age group above 50 years
and close to 50% of all primary open angled glaucoma
patients are estimated to be unrecognised. This study
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Figure 3 The most common diagnoses by TS
ophthalmologist among patients referred as normal waiting
time to the healthcare sector. Total no of patients 1242.
CSCR, Central Serous Chorioretinopathy; ERM, epiretinal
membrane; TS, telemedical service.
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Figure 4 The most common diagnoses by TS
ophthalmologist among patients referred as subacute to the
healthcare sector. Total no of patients 606. TS, telemedical
service.
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Figure 5 The most common diagnoses by TS
ophthalmologist among patients referred as acute to the
healthcare sector. Total no of patients 119. TS, telemedical
service.

also highlights that unrecognised glaucoma is an issue
that needs further awareness.”” '

Three per cent of the total number of patients under-
going an optometrist comprehensive vision examination
in Louis Nielsen A/S were referred for ophthalmolo-
gist review in TS in this study. This was consistent with
the overall optometrist referral rate in Denmark, and
can vary tremendously between countries, from 3%
to 14%."*"* * Thus, we consider a posterior segment
disease referral rate between 2.5% and 4% to a TS as
adequate, while, along with such a TS, a referral-ratio
between 0.5% and 1.0% to the national eyecare system
would be considered sufficient.

To our knowledge, TS is the world’s largest optometrist-
ophthalmologist cloud-based e-referral platform based
on the number of reviewed patients. It is particularly
unique due to the fact that Louis Nielsen A/S with its
high customer marketshare, close to 47% and widespread
locations across the country, represents patients from
different demographic and socioeconomic backgrounds.
In addition, Louis Nielsen A/S is a major employer of
Danish optometrists graduated from either of the two
Danish optometry colleges.” > Though the results may
be extrapolated to the overall Danish optometry compe-
tency, the authors advise caution in generalising the
findings to the overall Danish optometry standard due
to lack of demographic information on the national
optometry cohort. Further the authors also acknowl-
edge that the selected minority of Danish optometrists
that are involved in the healthcare sector are differently
qualified. Also previous research from the UK has indi-
cated that there are differences in the outcomes from eye
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examinations conducted in independent and corporate
practises.” ** However, a recent questionnaire study in
Northern Europe (Denmark, Sweden, Norway, Finland
and the Netherlands), concludes that there is a similar
level of optometry competency across the countries and
further there is only a minor difference between new and
experienced optometrists with more than 5 years of prac-
tising.”” Supported by these factors, the authors suggest
that this study is highly relevant for any optometry retail
company in the region.

As all major optical companies have implemented
fundus cameras, non-contact tonometers and automated
perimeters,'”” *° this study provides critical outcome
measures of what it would look like, if TS was to be imple-
mented on a nationalwide scale. Though the initial pilot
study supports the study referral outcomes, the authors
advice some caution in extrapolating the findings and
suggest that the TS implementation reduced the number
of referrals with maximum 8000 patients in the study
period.

Clearly, an up to 81% reduction of referrals to the
primary and tertiary eye-care sector with the TS setup is
remarkable, but it does not imply that optometrists are
referring only false positive patients. In fact, this study
demonstrates that only 14.4% were normal cases. The
consequence of the widespread availability of newer
technological instruments is the increased detection of
asymptomatic pathological and moderate-to-risk findings
that do not require medical intervention (eg, glaucoma
screening patients).'” In these cases, depending on risk
of disease transformation, the patient would be stratified
for follow-up in-house either with or without TS. In both
follow-up patterns the optometrist would be provided
with a patient-specific examination, follow-up and action
plan by the TS ophthalmologist. Some countries, as the
UK, have developed collaborative hospital eye service
(HES)-referral guidelines in order to structure the refer-
rals from optometrists. However, studies evidently point
out that guidelines alone do not sufficiently address the
number of unnecessary referrals.'” Cameron et al found
that 37% of all optometric HES-referrals were false posi-
tive within the NHS. Further, Kern e al reported that the
newly implemented optometrist-ophthalmologist e-re-
ferral platform at the Moorfield’s Eye Hospital, based on
107 patients, shows a reduction of 50% in referrals from
optometrists, in spite of implemented HES guidelines.
Similarly, we also believe it is crucial to acknowledge that
the national eye care should focus on the true ill patient,
which becomes more achievable with new models, as
demonstrated.

The authors, therefore, suggest that the TS setup
provides a relevant stratification model for the moderate/
high risk or asymptomatic non-treatable conditions,
with a closed in-house telemedical follow-up service and
lean referral pathways for the treatable conditions. The
average time from the patient referral to review by the
TS ophthalmologist was immediate by phone service in
acute patient cases and averagely close to only 1.2days

in suspected non-acute patient cases. In acute situations,
for example, papillary oedema and retinal detachment,
patients were directly contacted by the TS ophthal-
mologist and admitted to the relevant tertiary clinics
(neurology or ophthalmology). This service further
shortens the otherwise cumbersome traditional patient
healthcare pathway, where patients often have to be
examined by both the GP and general ophthalmologist
(primary sector) in order to be referred to the tertiary
centre. All referred patients benefit from a TS ophthal-
mologist written e-referral letter uploaded to the national
referral platform (REFHOST), making the e-referral
available for any healthcare authority in Denmark. This
provides a better opportunity for the general ophthal-
mologist to triage the patient, which may reduce the
time for review and treatment, for example, for subacute
diagnoses as wet-AMD where waiting time causes visual
impact.”’

Telemedicine in ophthalmology is a very well proven
concept with several well-run services as for AMD and
diabetic retinopathy.” However, telemedicine should
not only serve relevantly in ophthalmology units, but
also as a well-suited model for optometrist posterior
segment referrals. The optometrists in all the Nordic
countries have in recent years implemented instru-
ments for posterior segment investigation, and newer
technologies are becoming increasingly more afford-
able, for example, UK Specsavers (Saint Andrew, UK)
implemented optical coherence tomography (OCT)
devices in all of its 740 locations.” Due to the general
life span increase among their populations, Nordic and
British societies as well are struggling to manage the
increased number of patients. Hence, it is highly rele-
vant to find a cost-effective solution. This telemedical
setup proves to be an efficient system to improve the
referral to the healthcare system. Further, the authors
believe this service may serve as a fundament for imple-
mentation and validation of newer technologies, that
are based on the concept of pattern recognition and
deep-mind based automated diagnoses with OCT and
fundus technology.™ *'~**

Nevertheless, there are some limitations in this study,
which are essential to address in future studies. Though
it was not the aim of this study to directly evaluate the
optometry competency, itis highly relevant to evaluate the
optometrist’s diagnostic precision level in various diseases
over time and to investigate the false negatives in the
optometrist cohort. Also additional patient information
is relevant, for example, visual acuity and pharmaco-
logical history, in order to increase our understanding
of the results. Further, it is relevant to characterise the
referrer’s as well as the reviewing ophthalmologists more
individually, and based on other factors such as years of
experience and qualifications. This kind of demographic
information on optometrists are necessary in order to
compare findings with other cohorts.

The knowledge from such future studies can be utilised
in continuous educational programmes.
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In conclusion, we report the results from the largest
e-based optometrist-ophthalmologist referral platform
study to date. Overall, posterior segment disease refer-
rals to the existing healthcare system can be drastically
reduced. This study demonstrates that new healthcare
models, which focus on a risk-stratified approach with
optimal use of technology, change of working patterns
and continuous education, can further optimise the
healthcare system.
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