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Abstract

Purpose: The purpose of this study was to create a prototype master protocol
for benchmarking glaucoma real-world data (RWD). Benchmarking is part of
the digital innovation strategy of the Finnish aces-rwm ecosystem (automation
of care and evaluation of the system with real-world monitoring).

Methods: We collected glaucoma RWD in 2012-17 at Tampere University
Hospital (Tays) and compared them to six published RWD sets (one in Sweden
and five in England). Visual field (VF) data at Tays were retrieved from the pe-
rimeter, and clinical RWD were collected manually. At baseline, VF data were
available in 2511 of 4121 glaucoma patients (61%), of whom 1413 patients (56%)
had Syears of VF follow-up by 2017 (34% of all 4121 patients). Mean deviation
(MD) data were analysed in multiple ways, considering also age and intraocu-
lar pressure (IOP).

Results: In most data sets, higher age was related to faster progression. At Tays,
the distributions of progression rates were similar in better and worse eyes.
The proportions of eyes at Tays with the medium rate of MD progression (17%
for 0.5-1.5dB/year) and the fast rate (6% for >1.5dB/year) were similar to the
published RWD trial in England. The published datasets show significant vari-
ability in how their findings were reported.

Conclusions: This study represents a first step toward the development of a
master protocol for real-world benchmarking of glaucoma care. Further re-
finement of the protocol will encourage and require national and international
collaboration in order to produce comprehensive and comparable real-world
EHR data sets.

KEYWORDS
benchmarking, glaucoma, master protocol, progression, real-world data

the best of intentions, the productivity benchmarks be-
tween the university eye clinics in 2012-2017 continued

All five Finnish university eye clinics have proactively
and systematically collaborated for over 20 years in de-
veloping national policies and approaches to provide
equal and the best possible eyesight and well-being with
the available resources in eye care (Table 1). Despite

to indicate large variability in care processes and costs
without understanding their impact on patient out-
comes. Consequently, the Finnish university eye clinics
decided to create an ecosystem for measuring real-
world cost-effectiveness of the ‘Big Four’ eye diseases,
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Background, consensus processes, and involved parties leading to the stage of the current study since 2002.

TABLE 1
200224

2004

2009-11

2012

2012-17

2016-21

2016-18

2019

2019-23

2024

Current stage

Next stage
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All four editions of the publicly funded Finnish Current Care Glaucoma Guidelines (Leinonen et al., 2024; Tuulonen
et al., 2003) have been developed under the leadership of the Finnish Medical Society Duodecim in collaboration with the
Finnish Ophthalmological Society and the Finnish Glaucoma Society

Finnish Current Care Guidelines form the basis for national access to care criteria, first decreed in 2004. The eye care
criteria, including glaucoma (Tuulonen et al., 2009), are defined by all chief physicians of public eye clinics and decreed by
the Ministry of Social Affairs and Health with the latest update in 2019

New eye care strategy developed for Tays Eye Centre: (1) Identification of the high-volume ‘Big Four’ eye diseases (age-
related macular degeneration, glaucoma, diabetic retinopathy, and cataract) comprising 2/3 of eye care (patients, visits,
and costs); (2) Stratification and prioritisation of patients based on permanent visual loss; (3) standardisation of services
for low-risk patients; (4) maximising productivity; and (5) Implementing shared care (Tuulonen et al., 2016)

New building opened for Tays Eye Centre. In 201115, the implementation of the new strategy produced a 46% increase
of services with a 15% increase in the work force (Tuulonen et al., 2016). The nurses were trained to enter the clinical data
manually into a structured paper data collection form, to pre-evaluate the digital photographs of the retinal nerve fibre
layer and optic nerve head, as well as visual field tests to be checked by a glaucoma specialist

Two productivity benchmarks between university eye clinics revealed huge variabilities in care practices and costs without
understanding their impact on outcomes (data on file), with the shared agreement that all cannot be right (Tuulonen
et al., 2022). Structured glaucoma RWD was collected manually in Tays Eye Centre

Tays Eye Centre was awarded I-star Reference Site status for the PSSE model in 2016-18 and 3-star Reference Site status
for the aces-rwm ecosystem in 2019-21 by EI PAHA (European Innovation Partnership on Active and Health Ageing) of
the European Commission within the B3 Action Group (Bousquet et al., 2019)

Development of a structured glaucoma-specific EHR prototype RWD collection tool in Tays exploiting the experiences of
the manual structured data collection in 201217

The first full-year RWD using a structured EHR prototype for glaucoma (Sulonen et al., 2024) with data reported using
the CODE-EHR best-practice framework (Kotecha et al., 2022)

In collaboration with all university eye clinics, the 2009 Tays strategy was expanded to a published aces-rwm ecosystem
for measuring real-world cost-effectiveness in eye care (Tuulonen et al., 2022). The joint procurement signed by all
university hospitals tendered the development of structured EHR-RWD collection and evaluation tools for the ‘Big Four’
eye diseases, supported by the government organisation Business Finland

The aces-rwm EHR tool package includes the development of benchmarking tools to be produced automatically by the
EHR. The 2019 Finnish Act on the Secondary Use of Social and Health Data allows benchmarking between units only
using aggregated data, i.e., groups of individuals in such a way that the individuals cannot be identified

Since 2023, the largest-ever national health care reform in Finland emphasises cost-effectiveness and knowledge
management. Wellbeing Services County of Pirkanmaa, including Tays (Tampere University Hospital), is the coordinator
of the national effectiveness centre for information, dissemination of data collection, and reporting

In Tays, the prototype EHR-RWD collection tool for glaucoma (used in 2019-23) was replaced with a new aces-rwm-
compatible, glaucoma-specific EHR, developed in collaboration with all university eye clinics and ready to be put to
use in all of them. The EHR tool package is translatable to any language (currently available in Finnish, Swedish, and
English)

To promote and inspire international collaboration and gain feedback for the development of the reporting benchmark
protocol, the current study: (1) reports Tays RWD in 2012-17, (2) compares these data to the published RWD data sets
from two publicly funded health care systems, (3) based on steps 1 and 2, presents a prototype master protocol for RWD
benchmarking to be developed further, and (4) publishes it (as preferred by CODE-EHR for structured electronic health-
care records, Kotecha et al., 2022) (Data SI)

For further development of the benchmarking protocol: (1) the cross-sectional Tays 2019 EHR-RWD (Sulonen et al., 2024)
will be compared to the 2019 RWD collected in Umea, Sweden, and (2) Tays 2012-17 of this study will be compared to the
structurally recorded EHR-RWD collected in 2019-23

which affect two-thirds of their patients, visits, and
costs, i.e., age-related macular degeneration (AMD),
glaucoma, diabetic retinopathy, and cataract (Tuulonen
et al., 2022). The ecosystem is called aces-rwm (automa-
tion in care and evaluation of system with real-world mon-
itoring) and consists of three components: (1) principles
to deal with increasing demand and limited resources,
(2) routine collection of structured Real-World Data
(RWD) using the ‘Big Four’—specific structured elec-
tronic health records (EHR), including also measures
of health-related quality of life (QoL) and costs, and (3)
evaluation and benchmarking real-world outcomes and
cost-effectiveness (Tuulonen et al., 2022).

In 2019, all Finnish university hospitals signed a
joint procurement document that called for bids on
the development of structured, bespoke, and aces-rwm
-compatible EHR-RWD collection and evaluation tools

for the ‘Big Four’ eye diseases (Tuulonen et al., 2022).
The development in 2019-23 was supported by Business
Finland, an organisation within the Finnish govern-
ment. During the development of the structured EHR-
RWD collection tool for glaucoma, the manual data
collected in 2012-17 (current study) and the EHR proto-
type used at Tays Eye Centre (Tays) in 2019-23 (Sulonen
et al., 2024) were utilised in the development of the new,
consensus-based bespoke EHR-RWD collection tools,
first put to use for glaucoma at Tays in 2024 (Table I).
The requirement for collecting standardised data to
aid decision-making is not new to medicine. For exam-
ple, in 1987 Yates concluded that health care authorities
need to know what work is being done, what information-
gathering methods should be improved, and what defi-
nitions should be used (Yates, 1987). In addition, the
Joint Commission Resources Inc. (2012) reported that
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organisations complying with national requirements
must be able to benchmark their patient outcomes to
other organisations. The best-practice framework for the
use of structured EHR in clinical research (CODE-EHR)
(Kotecha et al., 2022) recommends published protocols
for contributing to the credibility and reproducibility
of the EHR-based studies (Table S1), also in glaucoma
(Higgins et al., 2024).

Prior to the availability of EHR-RWD from other
Finnish university eye clinics, the purpose of this study
was to compare the glaucoma RWD collected at Tays to
published data sets in Sweden and England to aid the de-
velopment of a prototype master protocol for aces-rwm
benchmarking. The current study also serves to inform
potential international collaborators of the availability
of Finnish glaucoma RWD for benchmarking and to in-
vite international collaboration for further development
of benchmarking protocols.

2 | MATERIALS AND METHODS

The aces-rwm ecosystem's structured benchmarking
platform for the ‘Big Four’ eye diseases is a key factor in
its digital innovation strategy to evaluate the real-world
outcomes and cost-effectiveness of eye care (Table I;
Tuulonen et al., 2022). To the best of our knowledge, the
concept of a master protocol defining how to use RWD
from routine care for benchmarking purposes has not
been reported for any of the ‘Big Four’ eye diseases.

The US National Institutes of Health (2024) defines
a master protocol as a trial design that can test multi-
ple subpopulations in parallel , without a need to de-
velop new protocols for every study. Similarly, Franklin
et al. (2024) describe their vision for modernised data
infrastructure: (1) clinical trial design using complex el-
ements, such as master protocols and adaptive platform
design (in aces-rwm, the RWD benchmarking platform
for the ‘Big Four’), (2) reusing data for multiple purposes,
e.g., for addressing more than one research question or
study, (3) using these kinds of RWD to inform different
types of decisions made by different evaluators of the ev-
idence (in aces-rwm, the cost-effectiveness of eye care),
and (4) using streamlined RWD collection from routine
care (in aces-rwm, the structured ‘Big Four’ bespoke
electronic health records).

This study focuses on developing a prototype master
protocol for the aces-rwm benchmarking platform by
using glaucoma RWD collected at Tays in 2012-17 and
comparing them to published studies. Tays Eye Centre,
Tampere University Hospital, Finland, is the only pub-
licly funded eye clinic providing services for the popu-
lation of 0.56 million in Pirkanmaa Wellbeing Services
County, which represents 10% of the 2024 population of
Finland. Tays organises glaucoma care for almost 90%
of patients using reimbursed glaucoma medications in its
serving area (Sulonen et al., 2024).

The aces-rwm strategy identifies glaucoma as one of
the four high-volume eye diseases requiring stratification
and prioritisation of services to prevent visual disability
(Table 1) (Tuulonen et al., 2022). The opening of the new
building for eye care at Tays in 2012, including its new
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care delivery strategy, represented a kick-off for rapid
development of care processes (Kokkinen & Lehto, 2011;
Tuulonen et al., 2016). To start with, a structured paper-
based data collection form for glaucoma was developed
into which nurses were trained to enter the clinical data
manually. These data were then entered into the hospi-
tal's unstructured electronic health record. In 201618,
manual structured data collection was developed further
via the implementation of a bespoke, glaucoma-specific,
structured prototype EHR, which was used at Tays from
2019 to 2023. The tendered aces-rwm -compatible EHR
was developed in collaboration with all Finnish univer-
sity eye clinics and was first put to use in the Tays glau-
coma service in 2024 (Table 1).

The reporting of this article adheres to the CODE-
EHR checklist, which recommends published protocols
for (1) dataset construction and data fitting the purpose,
(2) definition and analysis of outcome, and 3) ethics and
governance (Kotecha et al., 2022; Table S1 with 5 out of
5 preferred standards met in the CODE-EHR checklist).

2.1 | Tays dataset construction and data
fitting the purpose

Of the 4121 glaucoma patients visiting Tays in 2012, vis-
ual fields (VF) were tested in 2511 patients (61%). The
rest of the visits in 2012 included measurement of in-
traocular pressure (IOP) without a VF test. Of the 2511
patients with VFs in 2012, 1413 patients had Syears of
VF data (56%) in 2017 after excluding 92 patients (90
with false positive VF responses >15% and two patients
younger than 18years). Overall, of all 4121 patients seen
in 2012, 1413 (34%) had 5-year VF data to be analysed in
this study.

We also estimated the reasons for non-attendance.
In 2012, 217 of 4121 (5%) patients examined did not
receive a glaucoma diagnosis and had no follow-up.
Approximately 2% of patients each year, i.e., 444 of
4121 (11%) patients between 2012 and 2017, were no-
shows for unknown reasons, or their general con-
dition did not allow VF testing, or the patient had
moved from the Tays serving arca. According to the
publicly available Info-Tray provided by the Social
Insurance Institution of Finland (2024), approximately
4% of glaucoma medication users per year deceased
in Pirkanmaa Wellbeing Service County in 2012-17.
Thus, we estimated that 983 of the 4121 patients (24%)
had died in 2012-17. Overall, of the 2477 patients
(=4121-217-444-983) who were alive and available for
testing in 2017, 1413 (57%) visited Tays in 2017. Due
to Tays' 2-year follow-up interval, 1064 (2477-1413) of
4121 (26%) patients did not visit Tays in 2017 and were
estimated to be scheduled for a visit in 2018.

The overall costs per glaucoma patient per year,
including both out- and in-patient care as well as all
glaucoma-related procedures, were retrieved from the
university hospital's financial administrative database,
representing total direct costs for glaucoma manage-
ment from the payer's perspective. The overall yearly
costs were divided by the total number of glaucoma pa-
tients visiting Tays each year.
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Changes in the trends and types of medications, in-
cluding their costs, will be reported separately using
the data from the Social Insurance Institution, Finland,
which maintains a registry of use and cost data of all

glaucoma medications purchased by patients from phar-
macies in Finland and in the Tays area.

2.2 | Disease definitions

The first Finnish Current Care Guideline for glau-
coma was published in 2002 (English translation by
Tuulonen et al., 2003) with the latest update in 2023
(English translation by Leinonen et al., 2024). Over the
years, the main diagnostic principles have remained
the same; that is, glaucoma diagnosis is based on using
the ‘2 out of 3’ rule in which at least two concomitant
findings in the RNFL (retinal nerve fibre layer), ONH
(optic nerve head), and/or VF indicate congruent glau-
comatous damage. The guideline recommends taking
the RNFL/ONH/VF test set at diagnosis and thereaf-
ter every 1-2years, depending on the patient's risk pro-
file. For example, in 2019 at Tays (Sulonen et al., 2024),
44% of patients were invited to a control visit within
2years. Event-based progression analysis rests on clin-
ical evaluation of RNFL, ONH, and VF, i.e., progres-
sion in any of the three tests (e.g., a widening of an
RNFL defect) flags the need for intensified therapy,
considering risk factors, such as patient age, disecase
stage, and IOP (Leinonen et al., 2024). At Tays, the VF
of the right eye has always been examined first.

Tays complies with the recommendations of the
Finnish glaucoma guideline and creates for every pa-
tient an individual, structured 2-year surveillance and
treatment plan (Leinonen et al., 2024). The plan is de-
livered to the patient, and in stable glaucoma includes:
(1) definition of an optimum target IOP (at least a 25%
reduction from untreated IOP), (2) an IOP level that is
considered to require intensifying therapy with a plan
for the next two treatment options, and (3) specifica-
tion for the required frequency of IOP measurements.
From 2012 onwards, patients have been advised to
have their IOPs measured in optician shops using re-
bound tonometry (Kontiola et al., 2001), which is also
used at Tays. If a patient's IOP reaches a level requiring
a change in therapy, the patient calls Tays to get their
predetermined next intervention, for example, a pre-
scription for a new drug, an appointment for laser ther-
apy, or surgical consultation. For high-risk glaucoma
patients, the Finnish guideline recommends at least a
35% reduction in IOP and proceeding to surgical treat-
ment with a low threshold.

Visual acuity (VA) at Tays is predominantly measured
using a Nidek autorefractometer (Nidek Co., LTD,
Gamagori, Aichi, Japan), or using a Snellen chart and
refraction, habitual correction, or pinhole. Beginning in
2024, Snellen VA is automatically converted by the aces-
rwm compatible RWD collection tool (Avenue Flow,
Optomed Plc, Helsinki, Finland) into Early Treatment
Diabetic Retinopathy Study (ETDRS) letters using
the formula 85+50xlog (Snellen fraction) and treated
as a continuous variable (Gregori et al., 2010). Finger

counting vision is recorded as three ETDRS letters,
hand movement as two letters, and light perception as
one ETDRS letter.

Humphrey VFs were taken using the Swedish
Interactive Threshold Algorithm (SITA) Fast 24-2 pro-
gram (Carl Zeiss Meditec Inc.). Structural damage at Tays
is evaluated using ONH and RNFL digital photographs
and labelled as glaucomatous, normal, not assessable,
or no picture. The ‘2 out of 3’-analysis (RNFL, ONH,
VF) has been structurally recorded at Tays from 2019
onwards after deployment of the prototype glaucoma-
specific structured EHR (Sulonen et al., 2024). In the
EHR, progression is categorised as “Yes/No/Cannot be
assessed/No prior tests’. Optical Coherence Tomography
is not used in glaucoma diagnostics and follow-up at
Tays.

2.3 | Comparison data sets from Sweden and
England

At the time of this investigation, glaucoma RWD are not
yet available from other Finnish university eye clinics.
Therefore, we chose a Swedish study (Heijl et al., 2013)
and five English RWD sets for comparison with our
findings (Boodhna et al., 2015; Boodhna & Crabb, 2015;
Kelly et al., 2019; Kelly et al., 2020; Kirwan et al., 2014).
Like Finland, both Sweden and England have publicly
funded health care systems and national glaucoma
guidelines.

The English datasets partly reported the same pa-
tient population and focused mainly on visual field data
and patient age. As studies reporting routine care have
shown more than 10-fold differences in median rates of
MD progression per year, Boodhna et al. (2015) chose to
report the distribution of slow, medium, and fast rates of
progression in their glaucoma patients.

Despite many similarities in the three countries' glau-
coma guidelines, the recommendations of the latest edi-
tions of glaucoma guidelines in Sweden (Johannesson
et al., 2024) and the United Kingdom NICE guideline
(2022) also differ from the Finnish glaucoma guidelines
on certain points (Heijl, 2024; Leinonen et al., 2024). For
example, compared to the 1-2-year test set interval rec-
ommended by the Finnish guideline, the Swedish guide-
lines (like the guidelines of the European Glaucoma
Society 2021) recommend taking 5-6 visual fields during
the first 2years in newly detected glaucoma. In the UK,
based on patient risks and clinical judgement, the NICE
guideline (2022) recommends 2-18-month assessment/
test intervals for glaucoma and 4- to 24-month inter-
vals for ocular hypertension (OHT). Crabb et al. (2014)
reported that VF monitoring in England is carried out
annually on average.

Unlike the UK and Sweden, OHT patients and
glaucoma suspects are not routinely followed at Tays
(Sulonen et al., 2024), nor does the Finnish guideline
recommend routine measurements for central corneal
thickness (Leinonen et al., 2024), which also differs
from the Swedish and NICE guidelines (Johannesson
et al., 2024; National Institute for Health and Care
Excellence, 2022). The NICE guideline does not
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include choosing wisely recommendations, while the
Finnish guideline has had them since 2019 (Tuuminen
et al., 2019), like the recent 2024 Swedish guidelines
(J6hannesson et al., 2024). In addition, UK optome-
trists (e.g., Gray et al., 2000) traditionally have had an
important role in providing primary glaucoma care.
Both in Finland and Sweden (Heijl et al., 2013), oph-
thalmology clinics provide both primary and second-
ary glaucoma care.

2.4 | Analysis of Tays RWD outcomes

We analysed baseline MDs on the basis of VF damage
by comparing right versus left eyes and better versus
worse eyes. MDs differing less than 1 dB were randomly
designated as the better or worse eye. Distributions of
baseline MDs were analysed in five severity groups:
(1) MD better than —2dB, (2) MD between —2dB
and —5.9dB, (3) MD between —6dB and—11.9dB, 4)
MD between —12dB and —17.9dB, and (5) MD worse
than —18dB. Further, we defined three groups of VF
worsening rates: (1) slow rate less than 0.5dB per year,
(2) medium rate between 0.5 and 1.5dB per year, and
(3) fast rate more than 1.5dB per year. In addition to
using MD to define better/worse eyes at baseline, we
also analysed the MD worsening distributions when
defining better/worse eyes. (1) based on the mean of
all MD values per eye during the follow-up, and (2)
when better and worse eyes were alternating during
follow-up.

The distribution of median ages per MD at baseline
and MD worsening rates in better and worse eyes were
analysed in five age groups: (1) less than 50years, (2) be-
tween 50 and 59 years, (3) between 60 and 69 years, (4) be-
tween 70 and 79 years, and (5) 80 years or older. Similarly,
the distribution of median IOPs per MD at baseline and
MD worsening rates in better and worse eyes were ana-
lysed in five IOP groups: (1) less than 15mmHg, (2) be-
tween 15 and 19 mmHg, (3) between 20 and 24 mmHg, (4)
between 25 and 29 mmHg, and (5) 30mmHg or higher.

2.5 | Ethics and governance

This study (R21519/2021) was approved by the Tays
Research Services of Tampere University Hospital
and conducted in accordance with the Declaration of
Helsinki. The Ethics Committee of Pirkanmaa Wellbeing
Service County did not require ethics approval for the
study as it evaluates aggregated unidentified real-world
data of glaucoma patients.

The use of clinical data in this study complies with the
Finnish Act on the Secondary Use of Health and Social
Data (552/2019), data security regulations of Tampere
University Hospital, and the Finnish recommendations
on research ethics. According to the Act, patients' per-
sonal data can be used without informed consent only
in officially audited and secured environments under
the permission granted by the organisation responsi-
ble for patient care, in our case, Tampere University
Hospital. The patients' raw data cannot be transferred
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from the data-secured Tays Research Cloud for statisti-
cal analyses.

The clinical data have been transferred and are stored
in a secured environment based on Azure cloud tech-
nology in the Tays Research Workspace. The research
group has been provided with a virtual server in its
own sandbox with no direct internet connections. The
authentication of each member of the research group is
verified with a unique username and password. Remote
access to the sandbox is done using a secure, encrypted
virtual private network (VPN) connection. The service
provider checks and loads both the source data and the
needed software programs into the sandbox.

2.6 | Statistical analyses

Non-normally distributed and categorical variables were
evaluated using the Wilcoxon signed-rank test, Kruskal-
Wallis test, and chi-square test. The level of statistical
significance was set at p<0.05. Statistical analyses were
performed only in data sets with adequate sample size
and conducted using SPSS (IBM Corp. Released 2013).
IBM SPSS Statistics for Windows, Version 28.0.: IBM
Corp) and the statistical R software (R Foundation for
Statistical Computing).

3 | RESULTS

3.1 | Real-world data at Tays Eye Centre in
2012-17

The clinical characteristics at baseline and at Syears are
presented in Table 2, and glaucoma-related procedures
in 2012—-17 in Figure 1. Higher age was generally related
to faster progression (Table 3, Column A, and Table S2)
(p<0.001, Kruskal-Wallis test). MD worsening at rates
of 0.5-1.5dB per year tended to occur 4years carlier in
worse eyes compared to better eyes (Table S2). Both in
the eyes with lower and higher IOP in 2012, mean IOPs
were statistically significantly lower in 2017 (p<0.001,
Wilcoxon signed-rank test, Table 2). However, when cat-
egorising eyes by baseline and worsening of MD, the me-
dian IOPs in 2012 and in 2017 were the same (14.5mmHg
in both better and worse eyes, with no statistical signifi-
cance, Kruskal-Wallis test) (Column A in Table 3 and
Table S3).

The median MD in 6347 VFs of left eyes was —4dB
(interquartile range, IQR —8, —1) compared to the me-
dian MD of —=3dB in 6295 VFs in right eyes (IQR -8, —1)
(p=0.06 Wilcoxon signed-rank test). The better/worse
eye distribution was 55%/45% in right eyes and 47%/53%
in left eyes (p<0.001, Chi-squared test).

Column A in Table 3 and Table S4 describes the dis-
tributions and the numbers of eyes at Tays in different
MD worsening rate categories in the better and worse
eyes per baseline MD groups (not significant). The dis-
tributions were similar regardless of the definition of the
better/worse eyes (data not shown).

The mean overall cost per patient was 312 € per year
in 2012-17, that is, 321 €, 325 €, 316 €, 289 €, 307 €, and
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TABLE 2 Clinical characteristics of the 1413 study patients at baseline and at Syears.
2012 2017
Age (years)
Mean (SD, standard deviation) 68 (11) 74 (11)
Median (IQR, interquartile range) 70 (63-76) 75 (68-81)
Range 18-94 23-99
Female (%) 64 64
Patients with only single-eye data available, n (%) 4 (0.3%)
Glaucoma diagnosis type (%)
Ocular hypertension or glaucoma suspect 9.2
Primary open-angle glaucoma 43
Normal tension glaucoma 18
Pseudoexfoliation glaucoma 12
Secondary glaucoma 2.4
Other or missing 7.8
Pigmentary glaucoma 1.4
Primary angle-closure glaucoma 4.4
Mixed diagnosis between eyes 29
Number of medications
Mean (SD) 1.5(1.2) 1.2 (0.9)
0 medications (%) 23 25
1 medication (%) 31 38
2 medications (%) 25 30
3 medications (%) 15 6.4
4 or more (%) 5.3 1.3

Intra-ocular pressure (IOP), mmHg

Mean (95% CI) of the eye with lower initial [OP
Mean (95% CI) of the eye with higher initial IOP
Visual acuity (VA), ETDRS letters

Mean (SD) of the eye with better initial VA
Mean (SD) of the eye with worse initial VA

14.6 (14.4-14.9)*
16.5 (16.2-16.7)*

79 (10)
72(17)

13.0 (12.8-13.2)*
15.1 (14.9-15.4)*

78 (12)
70 (19)

Abbreviation: CI, confidence interval.
*p<0.001, Wilcoxon signed-rank test.

312 €, respectively. The number of glaucoma patients per
year visiting Tays increased 25% during that time (from
4121 to 5154).

3.2 | Comparison of real-world data sets

Table 3 presents summary data of this study (Column A)
and the published data from the Swedish study (Column
B) and the five studies from England (Columns C-G).
The main message of Table 3 is that it demonstrates large
inter-site variability in reporting in most parameters,
also in studies published in England.

Although this variability makes it difficult to draw
meaningful conclusions to support decision-making,
a few overall observations draw attention specifically
related to the highest risk groups. Highlighted in col-
umns A and D in Table 3, during three different time
periods (1999-2003 and 2003-2008 in England as well
as at Tays in 2012-17), the proportions of the medium
and fast MD worsening rates were very similar, i.e., me-
dium rate progression was 16-18% at Tays vs. 19-20%
in England, and fast rate progression was 5-7% at Tays

vs. 6% in England. Year 2003 in England was chosen as
a landmark because the frequency of prostaglandin use
overtook beta blocker monotherapy that year (Boodhna
et al., 2015). During a bit longer period in 1999-2011 in
England (column E), the proportion of newly detected
early glaucoma cases increased (from 41% to 50%), and
the proportion of advanced cases decreased (from 31% to
20%). However, during almost the same time periods in
column D (1999-2003 and 2003-2008), the percentages
of eyes showing medium and fast rates of VF progres-
sion were the same. In addition, four studies (columns
A, B, D, and G) reported age being a risk factor for
progression.In three studies (columns A, B, and D) the
progression rates slowed in advanced glaucoma due to
truncation (floor effect).

4 | DISCUSSION

The need to improve information gathering and knowl-
edge of the work being done in health care has been
recognised for decades (Yates, 1987), likewise stud-
ies reporting that more care and more spending as
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All procedures
n=838
481 patients (34 %)

Acta Ophihaimolosica

Glaucoma procedures
n =367
226 patients (16 %)

I

Glaucoma surgery
n=195
116 patients (8.2 %)

Glaucoma laser procedure
n=172
139 patients (9.8 %)

Cataract extraction Other
n =358 n=113
292 patients (21 %) 105 patients (7.4 %)

Cataract extraction, one
eye
— — n=109

n=227 ;
227 patients (16 %) 102 patients (7.2 %)

YAG laser capsulotomy

Trabeculectomy
— n=126
99 patients (7 %)

Selective laser
trabecluloplasty

n=116
99 patients (7 %)

Cataract extraction, two Vitrectomy

eyes

= — n=4

n=65 .
65 patients (4.6 %) 4 patients (0.3 %)

. Argon laser
Tube shunt operation trabecluloplasty
— n=12 —
n=8

11 patients (0.8 %)

8 patients (0.6 %)

Deep sclerectomy
- n=1
1 patients (0.1 %)

Laser iridotomy
— n=21
21 patients (1.5 %)

Other (needling)

— n=56
37 patients (2.6 %)

Diode laser
— n=27

17 patients ( 1.2 %)

FIGURE 1 Laser and surgical procedures performed during 2012-17 in the study population of 1413 patients.

such have not led to better access to care, nor to bet-
ter quality, outcomes, or satisfaction with care (Fisher
et al., 2003a and Fisher et al., 2003b). However, the
literature about benchmarking of glaucoma outcomes
using routine comprehensive RWD is scarce but is ex-
pected to rapidly increase with the implementation of
structured EHRs. Simultaneously, the high variability
observed in terminology relating to evaluation method-
ologies, such as audit, performance review, and bench-
marking, calls for agreement. In general, e.g., the Public
Risk Management Association (PRIMA, 2024) summa-
rises that although these three methods differ from each
other, they are also tied together, and it is very difficult
to perform these evaluations without simultancously
evaluating the financial information as well.

In brief, for example, audits are typically undertaken
by independent actors to evaluate performance against
pre-determined standards (PRIMA,2024), such as ad-
herence to guidelines. For example, ophthalmologists'
adherence to glaucoma test sets has been reported, e.g., in
Spain, Sweden, and the UK (Batra et al., 2018; Castejon-
Cervero et al., 2011; Lindén et al., 2013), and in Australia
by optometrists (Toomey et al., 2024). Benchmarking, on
the other hand, serves the important comparative pur-
pose of evaluating the impact of different organisations'
performance on health outcomes (Hart et al., 2009; Joint
Commission Resources Inc., 2012). The principles of
benchmarking also apply to the evaluation of real-world
eye care; i.e., cost-effectiveness can only be shown in

relation to a defined alternative, such as care practices
of different organisations. Nothing is intrinsically cost-
effective (Tuulonen, 2011; Tuulonen et al., 2022).

The motivators for developing benchmarking ca-
pabilities relate to improving quality as well as fight-
ing inequalities and unwarranted variability in care
delivery, accountability, and transparency of care, as
well as responding to rising demand versus limited re-
sources (Thonon et al., 2015; Tuulonen et al., 2022).
Benchmarking models can be developed, e.g., from exist-
ing and published data, from consensus statements, from
national and/or international standards, etc. (Toomey
et al., 2024). The metrics need to be (1) meaningful both
for patients and clinicians, (2) easily and systematically
recordable and available from EHRs, and (3) understand-
able to aid decision-making at different levels of health
care. In addition, it is crucial to confirm that we mea-
sure, report, and compare the same aspects of care using
the same metrics and methods (Toomey et al., 2024).

Adapting trial designs on the basis of real-world evi-
dence has a growing role in clinical, regulatory, and payer
decision-making and requires collaboration of clinicians
with deep practice experience and questioning minds
working closely together (Dreyer & Mack, 2023; Liu
et al., 2021). In the Finnish aces-rwm cost-effectiveness
ecosystem, clinical metrics for disease-specific bespoke
EHR tools have been agreed upon within the ‘Big Four’
working groups representing all Finnish university eye
clinics (Table 1). Similarly, the aces-rwm ecosystem
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has published its overall RWD evaluation framework,
including cost-effectiveness (Tuulonen et al., 2022).
Therefore, the bespoke aces-rwm I'T-tool package devel-
oped in 2019-23 already includes a technical platform
for benchmarking. This study represents the first step in
the process for developing a master protocol to produce
outcomes for benchmarking glaucoma care, to be used
in the aces-rwm benchmarking platform, enabling com-
parison of outcomes between healthcare delivery units
nationally and internationally.

The aces-rwm benchmarking platform is planned
to work as a searchlight for scanning the similarly
structured RWD data sets between clinics in peer-to-
peer benchmarking. Both detected differences and
similarities in data sets and outcomes may be valu-
able and guide a deeper understanding of care prac-
tices, including their impacts on outcomes. Because
the Finnish Act on Secondary Use of Health Data
prevents comparison of raw RWD between healthcare
units, analyses of outcomes are primarily based upon
distributions, such as in different stages and progres-
sion rates in glaucoma. This approach has also been
used in England but with different classifications
(Table 3, Columns C-D). In Finland, additional sta-
tistical analyses of patient-specific raw data in each
unit can only be done within the secured data envi-
ronment of each hospital.

Table 3, comparing just a few RWD studies in three
countries, clearly demonstrates large variability in re-
porting and calls for developing a master protocol.
Table 3 is neither able to help nor to provide pragmatic
guidance to the essential questions, such as ‘should the
glaucoma clinic in Tays Eye Centre change its daily care
practices to ensure better well-being for patients with
available resources?’. Regarding visual disability and
overall resource allocation, obviously all ‘Big Four’ eye
diseases need to be considered in such decision-making,
which requires the development of a master protocol for
each ‘Big Four’ disease (Tuulonen et al., 2022). For exam-
ple, at Tays the number of glaucoma visits increased 25%
between 2012 and 2017 while the number of AMD injec-
tions more than doubled during the same period; how-
ever, without doubling the overall resources (Tuulonen
et al., 2022). Determining what matters most in improv-
ing eye care requires deeper understanding and further
development of the care processes in all ‘Big Four’ eye
diseases. Considering the increasing number of EHR-
RWD sets, continuing the variable reporting and cre-
ating summary tables like Table 3 is not justifiable and
exposes such work to inadvertent misinterpretations of
the published data sets.

Interestingly, despite the large variability in re-
porting shown in Table 3, as well as the differences in
guidelines and eye care structures between Tays and
England, we see distinct similarities in the propor-
tions of medium and fast progression rates in three
different time periods, i.e., 1999-2003 and 2003-2008
in England, and 2012-17 at Tays. Likewise, approx-
imately 10% of patients registered as sight impaired
have lost vision due to glaucoma in both England and
Finland (Boodhna & Crabb, 2015; Tolkkinen, 2022).

TABLE 4 Principles of the automatically produced master
protocol on the aces-rwm benchmarking platform to be further
developed in the next stage of the development process. All data are
reported per year.

Serving area

Population

Number of patients using reimbursed glaucoma medications: Total/New/
Deceased/Net increase of users

% of glaucoma medication users receiving care in the clinic
Care

Primary / Secondary / Tertiary

Evaluation

Selection criteria: Time period / Minimum follow-up / Number of follow-up
visual fields, etc.

Exclusion criteria

Proportion (%) of patients fulfilling the selection criteria

Per all glaucoma patients in the clinic

Age (years) mean/median

Distribution (%): <50years / 50-59 years / 60—69 years / 70-79 years / 280 years
Gender

Distribution (%): Female / Male / Other

History

Risk factors: Distribution of positive family history, exfoliation, etc.

Diagnosis
Distribution (%): ICD10 diagnosis H40 / Other ophthalmic diagnoses

Eye

Better / Worse eye: MD difference>1dB, random eye for MD within +—1dB
between eyes

Right / Left eye

Test results

VA (EDTRS) Mean | Median

Distribution (%): Snellen <0.3/0.3-0.5/>0.5
Refraction

10P (mmHg) Meanlmedian

Distribution (%): <ISmmHg/ 15-19mmHg / 20-24mmHg / 25-29mmHg /
>30mmHg

Clinical assessment

ONH | RNFL | VF

Distribution (%): Normal / Glaucoma / Other / Cannot be assessed / Not tested
Distribution (%) of abnormality in ONH | RNFL | VF

>2 out 3 abnormal/ 1 out of 3 abnormal / 0 out of 3 abnormal / IOP 230mmHg
ONH haemorrhage: Yes/ No

Clinical assessment of progression

Distribution (%)

Yes / No / Cannot be assessed / No prior tests

MD (dB)

Distribution (%): > -2dB/-2—-6dB/-6—--12dB/—-12—18dB/<-18dB
Proportion of MD worsening rates per year

Distribution (7): <0.5dB/0.5-1.5dB/>1.5dB

Treatment distribution (%)

Medication / Laser / Surgery

Prostaglandins / Beta blockers / Carbonic anhydrase inhibitors / Alpha agonists
/ Other

SLT / Laser iridotomy / Other
Trabeculectomy / Tube / MIGS / Other
Quality of life

Total score / Vision score

Proportion of responders (%0)

Cost per patient per year (€)

Costs of visits, tests, and procedures divided by the number of patients
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TABLE 5 Example of how the aces-rwm benchmarking platform is planned to work. E.g., if two clinics would be interested in comparing
their 5-year outcomes of exfoliative eyes receiving laser trabeculoplasty treatment. After making the same selections in an online meeting, the
benchmarking platform produces real-time, similarly structured reports for both clinics. In case wishing to modify selections, the platform
updates each report in real time and enables saving all comparison reports for later evaluation, planning a study, etc.

Serving area

Population

Number of patients using reimbursed glaucoma medications
% of glaucoma medication users receiving care in the clinic
Care

Primary / Secondary / Tertiary

Selected time period

Eye with better/worse MD

History

Risk factors (family history, exfoliation, etc.)
Highest untreated IOP

Diagnosis (ICD10)

Other diagnosis (ICD10)

Test results

VA

Refraction / IOP

Clinical assessments

ONH /RNFL-/-VF

Normal /Glaucoma / Other / Cannot be assessed / Not tested
ONH haemorrhage

MD at baseline
>=2/-2--6/-6—>-12/-12->18 /<~18dB
Proportion of selection

Proportion of worsening rate per year in 2019-23
Less than 0.5/0.5-1.5dB / More than 1.5dB
Clinical assessments of progression

Yes / No / Cannot be assessed / No prior tests
Treatment

Medication / Laser / Surgery

Quality of life

Total score / Vision score

Proportion of responders %

Cost per patient per year (€)

Visits, tests, and procedures divided by the number of patients

Total / New / Deceased

2019-23

Baseline selections in 2019
Worse (21 dB)

Random eye for MD+—-1dB

Exfoliation+
>22mmHg
H40.X

No exclusions

>(0.5 Snellen

No exclusions

>1 out 3 glaucomatous in 2019
Reported

No exclusions

2019

Worse than —2dB

)
g ()

Reported

Reported

SLT

Reported
Reported

Reported

Also, when comparing cross-sectionally, 2019 EHR-
RWD at Tays (Sulonen et al., 2024) and in England
in 2016 (Fu et al., 2023), there were only a few dif-
ferences, e.g., more females in Tays (62% vs. 52% in
England; similar differences also in Table 3), more
laser procedures in Tays (14% vs. 1% in England), and
smaller proportions of OHT and glaucoma suspects at
Tays (28% vs. 41% in England). Regarding the latter,
both Kelly et al. (2019) and Fu et al. (2023) specifically
suggested that many patients in England may require
less intensive follow-up and that glaucoma care seems
to be disproportionately directed toward patients
with mild and low-risk glaucoma. In addition, a ques-
tionnaire revealed that many glaucoma specialists in
England considered their recommendations for VF

testing frequency impractical with current resources
(Crabb et al., 2014).

The overall aim of the aces-rwm ecosystem is not only
to benchmark the outcomes in Finnish university eye
clinics with each other but also obviously, with clinics in
other countries to figure out what would represent ‘good
enough’ care practice for the all ‘Big Four’ eye discases
in relation to available resources (Table 1). Among the
five English glaucoma studies in Table 3, only one (Kelly
et al., 2019) compared the data sets between the five cen-
tres with over 8-fold differences in their patient volumes.
Although the authors reported the differences as gener-
ally being minor, the patients in the smallest centre were
the oldest (mean age 75years vs. 69-71 years in the other
four centres), had the largest proportion of advanced VF
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loss at presentation (30% vs. 23-25% in the other centres),
and showed the fastest progression rate (—0.37dB/year
vs. between —0.10 and —0.26 dB/year at 4 other centres).
Thus, benchmarking focused the light on this difference,
but the finding as such cannot determine what might
represent ‘better’ or ‘worse’ care, or which clinic would
benefit from changing its care practices. The reasons for
the differences were not discussed by Kelly et al. (2019).
Instead of simply concluding that the results indicating
the smallest clinic being ‘worse’, it is also possible that
this clinic may have agreed with optometrists to refer
only the highest-risk patients to secondary care, i.c., the
exact policy suggested by the authors (Kelly et al., 2019)
and Fu et al. (2023) in England.

As the volume of EHR-RWD is huge and constantly
increasing, based on the RWD analyses in this study
and as well as a 2019 EHR-RWD at Tays (Sulonen
et al., 2024), we present in Table 4 the principles of how
the automatically produced aces-rwm master protocol
could best serve benchmarking purposes. This master
protocol is a prototype and requires further refinement
with the help of RWD from other national and interna-
tional clinics. In any case, the platform will include all
recorded structured data and will also have filters for
selecting subgroups, e.g., different ages, gender, diag-
nosis, treatments, follow-up periods, etc., depending on
the clinical or study question of interest. The platform is
planned to update the data in real-time, based upon the
filter selections. This will allow the benchmarking units
to compare their clinical data sets and to work online to
detect similarities and differences, which will guide fur-
ther evaluation of care protocols and enable continuous
follow-up of real-world outcomes, choose meaningful
questions, study designs, etc.

The US National Institutes of Health (2024) defines
a master protocol as a trial design that can test multi-
ple subpopulations in parallel under a single protocol,
without the need to develop new protocols for every trial.
This is the exact aim of the aces-rwm ecosystem, i.e., to
develop a master protocol for each of the ‘Big Four’ eye
diseases. The glaucoma master protocol includes not
only VF data but also all clinical EHR-RWD, structural
evaluations of ONH and RNFL and their progression,
as well as different treatments. In the next step, the pro-
totype master protocol (Table 5) will be further refined
by comparing the Tays 2012-17 RWD of this study to
the Tays structured 2019-23 EHR RWD (including also
health-related quality of life measures) and by compar-
ing the Tays 2019 RWD and Umea (Sweden) data to each
other.
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