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Editor,

I n a recent paper by Grauslund
et al. (2018), the evidence-based

guidelines for screening of diabetic
retinopathy (DR) in Denmark were
presented. The authors addressed sev-
eral aspects of screening: classification
of DR, examination techniques, screen-
ing interval and the possible role of
automated screening.

The authors are a group of retinal
specialists formed by the Danish Oph-
thalmological Society, but how the
guideline was conceived, and whether
as systematic approach was used, is not
described in detail in the article. In short,
they recommend the use of mydriatic
two-field disc- and fovea-centred
images, for grading the International
Clinical Retinopathy Disease severity
score, supplementary optical coherence
tomography (OCT) in case of suspicion
of macular oedema, and a flexible indi-
vidualized screening interval.

However, even though they under-
score the need for automated screening

in light of the increasing burden of any
screening program for DR, with num-
bers of patients with diabetes mellitus
expected to rise considerably in the
coming years, they considered auto-
mated screening not yet ready for
implementation.

The authors acknowledge that the
performance in sensitivity (reportedly
up to 96%) and specificity (reportedly
up to 98.5%) of the latest artificial
intelligence-based algorithms for auto-
mated screening is high enough, but they
have two arguments against the present
use of automated devices forDR screen-
ing in Denmark. The first is based on
assumed differences between study pop-
ulations and the real-world Danish
screening population, the second is the
assumption that most of these algo-
rithms use single-field non-mydriatic
fundus images.

Four recent studies, validating differ-
ent artificial intelligence-based devices
for DR screening have included a wide
variety of patients, all representing real-
life populations, with a mix of multiple
ethnicities (Gulshan et al. 2016; Ting
et al. 2017; Abramoff et al. 2018; Ver-
braak et al. 2019). These studies
showed that the tested devices have a
high accuracy with high sensitivity and
specificity, against various reference
standards. Most importantly, one of
these studies was a preregistered clinical
trial overseen by FDA, and compared
to AI-based system to a patient out-
come proxy and was powered to mea-
sure equity, that is comparable accuracy
for different races and ethnicities. Based
on these studies, the conclusion can be
drawn that any population studied
appropriately can be reliably screened
using these devices, irrespective of the
kind of patients screened. Differences in
the prevalence ofDR, or in the degree of
severity of DR encountered in screening
populations, can also not be used as an
argument against the use of these
devices, as the distribution of DR
severity in these studies mimics that in
real-world populations (Verbraak et al.
2019).

With the exception of the study by
Gulshan et al., the other three studies
used fundus photographs as recom-
mended by the authors, including one
optic disc-centred and one fovea-cen-
tred fundus image, and not only a
single fovea-centred image (Gulshan
et al. 2016; Ting et al. 2017; Abramoff
et al. 2018; Verbraak et al. 2019).

The pivotal trial conducted by
Abramoff et al., which lead to FDA
approval of the IDx-DR device was
preregistered, and used analysis of the
device on these two standard fundus
images, and compared this with the only
known patient outcome proxy for DR,
the 4-widefield stereo images, covering
the seven fields defined in the ETDRS
classification studies, graded by the
Wisconsin reading centre, combined
with OCT-based diagnosis of centre-
involved diabeticmacular oedemaas the
gold standard (Abramoff et al. 2018).
Even against this high level of accuracy
of the gold standard, the sensitivity and
specificity of this device were very high.

Wewould like toargue thatatpresent,
AI-baseddevices for screeningofDRare
indeed ready to be implemented into the
care of our patients with diabetes melli-
tus. These devices will not only help to
reduce the growing burden of screening
for DR, but improve the accuracy of
screening compared to single human
graders (Verbraak et al. 2019).

In line with our conclusion, we have
noted that in a more recent article, the
first author of the Danish Guideline
article, J. Grauslund, appears to agree,
stating that ‘Considering both strengths
and limitations, as well as the high
performance of deep learning-based
algorithms, automated DR classifica-
tion using deep learning could be feasi-
ble in a real-world screening scenario’
(Nielsen et al. 2019).
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Editor,

W e welcome the correspondence
by Verbraak et al. in response

to the official Danish evidence-based
consensus guidelines for diabetic
retinopathy (DR) screening (Graus-
lund et al. 2018). The guidelines
address the issue of whether or not
automated methods of image analysis
should be applied in DR screening as
a means of limiting costs and promot-
ing speed and efficacy. Advances in
artificial intelligence (AI) based on
deep learning (DL) algorithms
reported after the guidelines were
prepared have addressed some of the
limitations that we listed, as stated by
Verbraak et al. We remain concerned,
however, about the accuracy of auto-
mated DR screening, its potential to
limit healthcare expenses and the
operational issues that notoriously
arise when new computer systems are
introduced with little assurance that
they will improve the overall function
of increasingly complex health care
systems.

In Denmark, the retinopathy sever-
ity level that should lead to referral
from a non-physician-staffed screening
system to a physician-staffed echelon
supervised by ophthalmologists is
sight-threatening DR (STDR), which
includes proliferative diabetic retinopa-
thy (PDR) and clinically significant
diabetic macular oedema (CSMO).
The typical automated screening algo-
rithm is trained, however, to select
patients for referral at a much lower
threshold of retinopathy (Gulshan
et al. 2016; Ting et al. 2017; Abr�amoff
et al. 2018). We have not found docu-
mentation that they have been tested
against the reference standards used in
Denmark. If used as they are, they
would lead to a drastic increase in
referrals to the specialist level. To
illustrate the issue, the DR reference
standard of the Google algorithm was
defined as moderate non-proliferative
DR (NPDR) or worse (Gulshan et al.
2016). Last year, 7.4% of patients in
the Danish screening system met this
threshold (Dansk Diabetes Database
National�arsrapport 2017/2018), which
is a stark contrast to the 0.7% who
require referral for active PDR. The
patients that Google would refer to the
specialist level, whereas we service
them at the screening level, typically
in an outpatient clinic with compre-
hensive one-stop diabetes service, are
the 3.8% of patients who have non-
proliferative DR, the 0.7% with severe
NPDR and the 2.2% with stabile

proliferative DR (Grauslund et al.
2018). This practice saves 9 out of 10
patients with inconvenience of going to
the ophthalmologists’ office, which is
likely to promote compliance and
reduce costs.

We are not against automated fun-
dus image analysis as a method of
augmenting diabetes care, but a total
procedural shift would have to be
evaluated in a real-life setting against
a state-of-the-art system with a docu-
mented ability to produce attractive
long-term outcomes in terms of safety,
efficacy and equity. Additionally, we
expect automated screening systems to
fill some of the gaps that may exists in
screening systems operated by non-
ophthalmologists, for instance in the
advanced evaluation of the optic disc
degenerative retinopathy.
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