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Abstract

Purpose To investigate the characteristics of referral for glaucoma surgery and compare surgical practices in various Euro-
pean regions in 2025.

Methods Data of 300 eyes of 300 consecutive patients undergoing glaucoma surgery were analysed using a standardized
questionnaire and compared between geographical regions. Glaucoma specialists from one centre per country provided data
on demographics, glaucoma types, intraocular pressure (IOP), visual field and structural metrics, types of surgery and refer-
ral timeliness (timely, later than optimal, late).

Results The median (quartiles) age was 72 (64—78) years. Primary open angle glaucoma (52.0%) and pseudoexfoliative
glaucoma (23.0%) were the most common glaucoma types. Median disease duration was 75 (28—144) months, preoperative
IOP 22 (18-28) mmHg, mean deviation—14.47 (—21.60 to —7.85) dB, and retinal nerve fibre layer thickness 60 (50-75) um.
Trabeculectomy (38.3%), minimally invasive bleb forming surgeries (28.3%), and drainage devices (11.3%) were the pre-
dominant procedures; 18.7% of the surgeries were combined with phacoemulsification. More severe disease was associated
with filtering or drainage device surgery (p<0.001). Referral was timely in 34.7%, later than optimal in 35.7%, and late in
29.7%. Late referrals were associated with higher IOP, more advanced MD, and thinner RNFL (p<0.001). Regional differ-
ences were significant for common glaucoma types (p=0.013) and surgical choice (p<0.0001). Late and later-than-optimal
referrals ranged between 22% and 38.3%, and 30.0% and 41.7% between the regions, respectively. The proportion of timely
referrals in the East European region (20%) was significantly lower than that in the South and West European (approximately
40%) and North European (31.7%) regions (p=0.019).

Conclusions Marked differences exist in Europe in glaucoma referral timeliness and surgical practice. Late referral remains
frequent and associated with advanced structural and functional damage in Europe.

Key messages

What is known

e Open-angle glaucoma remains a major burden in preserving vision both worldwide and in Europe.

e Successful long-term management of open-angle glaucoma requires effective and sustained intraocular pressure reduc-
tion to prevent clinically significant disease progression.

e When achieving sufficiently low intraocular pressure requires incisional glaucoma surgery, an early surgery offers better
preservation of visual functions than a late surgery.

Extended author information available on the last page of the article
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e In the past decade referral of open-angle glaucoma patients for glaucoma surgery was predominantly late in Europe,
which resulted in development of clinically significant progression during the long pre-surgical glaucoma management.

What is new

e In the current European multicentre investigation, which was conducted in 2025, 300 consecutive open-angle glaucoma
referrals from 15 countries, with completed incisional surgical interventions were analysed.

e Despite the increasing surgical options, improved outcomes and reduced postoperative inconvenience with the less
invasive techniques the majority of the referrals were still either late (29.7%) or later than optimal (35.7%), and timely
referrals with no clinically significant progression during the non-surgical care represented only 34.7%.

o The most common surgeries were trabeculectomy (38.3%), minimally invasive bleb forming surgeries (28.3) and glau-

coma drainage device implantations (11.3%).

e C(linically significant differences were found between the East, North, South and West European regions in the timeliness
of the referrals, intraocular pressure parameters, visual field deterioration and structural damage, which indicate consid-

erable differences in glaucoma care in Europe in 2025.

Keywords European glaucoma practice - MIBS - MIGS - Trabeculectomy - Referral for glaucoma surgery

Introduction

Glaucoma remains a major burden of preserving vision in
the ageing societies both worldwide and in Europe [1, 2].
In recent years innovations in topical glaucoma medica-
tion and increasing use of selective laser trabeculoplasty in
open-angle glaucoma has increased the probability of pre-
serving vision and maintaining high vision related quality
of life (VRQoL) [3]. Glaucoma surgery, however, remains
important intervention to preserve vision in many cases,
when glaucomatous progression develops under medical
and/or laser treatment [3]. Therefore, it remains essential to
refer glaucoma patients for surgery in time, and to avoid
unnecessary time delay which may cause additional, func-
tionally significant visual field deterioration and decrease
of VRQoL. The appropriateness of referral for glaucoma
surgery in Europe was investigated by some of the current
authors in 2017 [4]. In that investigation significant differ-
ences were found between different geographic regions in
Europe. Since 2017 a considerable improvement in the tech-
nical and financial conditions has taken place in a wide area
in Europe, and the use of various minimally invasive glau-
coma surgery (MIGS) and minimally invasive bleb forming
glaucoma surgery (MIBS) modalities has gained increasing
popularity while trabeculectomy with or without topical or
local mitomycin C application remains the gold-standard
filtration surgery in open-angle glaucoma [3, 5-7]. In gen-
eral, most MIGS and MIBS offer clinically significant intra-
ocular pressure (IOP) reduction which is maintained for
years, can easily be combined with modern cataract surgery,
take less surgical time than trabeculectomy, and interfere
less with VRQoL in the early postoperative period [8—12].
Therefore, one may speculate that the current European
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practice of referral for glaucoma surgery differs from that
found by us in the previous decade, while the selected surgi-
cal modalities may reflect the current European attitudes in
terms of MIGS, MIBS and trabeculectomy preferences.

In order to investigate the characteristics, appropriate-
ness and potential regional differences of the current Euro-
pean practice of referral for glaucoma surgery in open angle
glaucoma, and the types of surgery performed, a question-
naire-based investigation was conducted. Each of the par-
ticipating glaucoma expert groups (one site per country)
completed a detailed online questionnaire for 20 consecu-
tive surgical referrals, after surgery in 2025.

Methods

The research protocol was approved by the Ethical Commit-
tee of the Hospital Clinico San Carlos, Madrid, Spain (HCS-
DERIV - C.I. 25/198-E). Since this was a retrospective data
collection study no consent from patients was obtained.
Patients’ personal information was anonymized by the
investigators before the data were entered in the question-
naires, after surgery. European glaucoma specialists with
high volume glaucoma surgeries (one site per country) were
invited to participate in the project, which was conducted
between May and September 2025. The EURACCUR study
reflects referral patterns observed in tertiary and specialist
glaucoma centres and cannot characterize referral behaviour
at the total national levels. Referrals for glaucoma surgery
to secondary or non-academic care settings were not inves-
tigated. Consequently, our findings should be interpreted as
referrals pathways representative of tertiary glaucoma spe-
cialist clinics rather than comprehensive national practices.
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Completed online questionnaires for 20 consecutive open-
angle glaucoma referrals arrived from fifteen countries
(Belgium, Croatia, Denmark, France, Germany, Greece,
Italy, Lithuania, Malta, Portugal, Serbia, Slovenia, Spain,
Sweden, and The Netherlands). The online questionnaire
was supplied with detailed instructions for completion, and
comprised seven itemized question groups on patient demo-
graphics, type of open-angle glaucoma (primary open-angle
glaucoma, POAG; normal tension glaucoma, NTG; pseudo-
exfoliative glaucoma, PSG; pigmentary glaucoma, juvenile
open-angle glaucoma, JOAG, uveitic glaucoma, cortico-
steroid induced glaucoma, other type), duration of non-
surgical glaucoma treatment before the referral, type of the
referring practice (university/hospital unit or private prac-
tice), IOP before referral for surgery (maximal untreated,
typical under treatment and preoperative values, respec-
tively), number of medications for the study eye, visual field
and optical coherence tomography (OCT) testing before
the referral (yes/no, mean defect/deviation, average retinal
nerve fibre layer thickness, RNFLT), stage of glaucoma-
tous deterioration according to the modified Hodapp clas-
sification and the current EGS guidelines [3, 13], presence
of split fixation, the type of glaucoma surgery (standalone
or combined with cataract surgery; MIGS options, MIBS
options, trabeculectomy, EX-PRESS® Glaucoma Filtration
Device, glaucoma drainage device implantation, nonpen-
etrating deep sclerectomy (NPDS), ab-externo canaloplasty,
cyclodestructive procedures or other interventions), and the
investigator’s evaluation of the timeliness of the referral
based on preset criteria (timely, later than optimal, late). The
questions are presented in Table 1. The number of glaucoma
medications for the study eye was expressed in points, sum-
marized from topical medication (1 point for monotherapy,
2 points for fixed dose combinations), oral acetazolamide
medication (1 point) and selective laser trabeculoplasty (1
point). Split fixation was defined with no measurable light
sensitivity in at least one of the 4 central test point locations
for Humphrey perimetry, and at least one of the 5 central
locations in Octopus perimetry. A glaucoma referral was
considered as “timely” when the progression of glaucoma
under treatment was not severe before the referral, or when
an immediate referral was made when the diagnosis was
made. The referral was considered as “later than optimal”
when a clinically significant visual field progression devel-
oped during the prior non-surgical care, and “late” when
only minimal visual function remained due to progres-
sion under non-surgical glaucoma care. The questionnaire
captured the overall duration of glaucoma since diagnosis
(expressed in months; “duration of glaucoma’). However, it
did not include any separate variable specifically addressing
the duration of treatment by the first (and any subsequent)
managing physician prior to referral, nor the disease stage at

first presentation, as data collection focused on the clinical
status at the time of referral for surgery. Greece, Italy, Por-
tugal, Spain and Malta were grouped into the “South Euro-
pean” region, Croatia, Serbia and Slovenia into the “East
European” region, Belgium, France, Germany, and the
Netherlands in the “West-European” region, and Denmark,
Lithuania, and Sweden into the “North-European” region.

Statistics

Analyses were performed with SPSS version 29.0.2 (IBM
Corp., Armonk, NY, USA). Continuous variables were ini-
tially assessed for normality using the Shapiro—Wilk test. As all
continuous variables significantly deviated from a normal dis-
tribution (p<0.05 for all), non-parametric statistical methods
were applied. Continuous variables are presented as median
and quartiles when appropriate, whereas categorical variables
are expressed as absolute frequencies and percentages.

Comparisons of continuous variables across more than
two independent groups (e.g., geographic regions, glau-
coma subtypes, or surgical techniques) were made using
the Kruskal-Wallis test. When global significance was
detected, post hoc pairwise comparisons were performed
using Dunn’s test with Bonferroni correction. Distributions
of categorical variables, such as glaucoma type, surgical
technique, or timeliness of the referral, were evaluated using
Pearson’s chi-square test; when more than 20% of expected
cell counts were below five Yates’s continuity correction or
Fisher’s exact test was applied as appropriate.

When visual field testing was made with an Octopus
perimeter, the mean defect value was converted to Humphrey
mean deviation (MD), and the calculations were made with
the Humphrey MD values. Key clinical parameters, including
IOP at different time points, average RNFL thickness, visual
field MD, and duration of glaucoma, were specifically anal-
ysed according to type of surgical procedure, and geographic
region. Additional analyses were performed to evaluate
the relationship between referral timeliness and markers of
structural and functional severity, using both non-parametric
tests and chi-square statistics where applicable. Effect sizes
are reported using H, U, or y? values together with the corre-
sponding p-values. Where appropriate, effect sizes were cal-
culated to complement p-values and facilitate interpretation
of clinical relevance. All statistical tests were two-tailed. A
p-value<0.05 was considered statistically significant.

Results
A total of 300 eyes of 300 consecutive patients referred for

glaucoma surgery were analysed. Referrals from hospital-
or university-based ophthalmology departments and private
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Table 1 Questionnaire items used
in the EURACCUR study

IOP, intraocular pressure;

MD, mean deviation; MIBS,
minimally invasive bleb forming
glaucoma surgery; MIGS, mini-
mally invasive glaucoma sur-
gery; MMC, mitomycin C; OAG,
open-angle glaucoma; OCT;
optical coherence tomographys;
POAG, primary open-angle
glaucoma; NTG, normal tension
glaucoma; PSG, pseudoexfolia-
tive glaucoma; RNFLT, retinal
nerve fibre layer thickness;

* The number of glaucoma
medication for the study eye is
expressed in points, summarized
from topical medication (1 point
for monotherapy, 2 points for
fixed dose combinations), oral
acetazolamide (1 point) and
selective laser trabeculopasty (1
point)

Section Question Response type/Options
Investigator Data Country Open field
Type of Practice Public/Private

Patient Data

Glaucoma Diagno-
sis & History

Intraocular Pressure

Visual Function &
Structure

Medical Treatment
Glaucoma Severity

Surgical Data

Referral Timing

Surgeries unavailable in investi-
gator’s practice

Gender

Age at the moment of surgery
Study eye (first operated if both
referred)

Ethnic origin (self-reported)
Type of Glaucoma

Duration of glaucoma (months)
Type of the referring practice
Highest IOP without treatment
Typical treated IOP before
surgery

Last IOP prior to surgery

Last visual field performed

MD in last VF before surgery
Split fixation

Mean RNFL thickness at last
OCT before surgery

Number of medications for the
study eye*

Glaucoma severity stage (Modi-
fied Hodapp criteria)

Type of surgery performed

Combined surgery with
phacoemulsification?

Referral for glaucoma surgery

Trabecular MIGS/MIBS (Preserflo, Xen)/
Express implant/I can use all of them

Male/Female
Numeric
Right eye/Left eye

Caucasian/African American/Asian/Latino/Other

POAG/NTG/PSG/Pigmentary/Juvenile/Steroid-
induced OAG/Uveitic OAG/Highly myopic
glaucoma/Other OAG

Numeric

Hospital-University department/Private practice
Numeric

Numeric

Numeric
Humphrey/Octopus/Other

Numeric
Yes/No
Numeric

Numeric (with detailed instructions)
Mild/Moderate/Severe

Trabecular MIGS/Suprachoroidal MIGS/
Bleb-forming MIGS (Xen, Preserflo)/Trab-
eculectomy + MMC/Express implant/Deep
sclerectomy/Ab-externo canaloplasty/glaucoma
drainage device (Ahmed, Baerveldt, Paul)/
Cyclodestructive surgery/Other

Yes/No

Timely/Later than optimal/Late

practices represented 64.3% and 35.7%, respectively. No
difference in the distribution of referrals was found between
the geographic regions (x> = 2.05; p=0.56). The median
(quartiles) age of the total cohort at the time of surgery was
72 years (64-78), ranging from 23 to 94 years (Table 2). The
study population was predominantly Caucasian (95.0%),
reflecting the demographic profile of the participating cen-
tres, with a minority representation of African American,
Latino, Asian, and other ethnic backgrounds. Regarding
the type of open-angle glaucoma, the most frequent diag-
nosis was POAG, accounting for 52.0% of cases, followed
by PSG (23.0%), other secondary open-angle glaucomas
(9.3%), NTG (5.0%), pigmentary glaucoma (3.0%), uveitic
glaucoma (3.0%), and juvenile glaucoma (2.3%).

The time elapsed since diagnosis showed considerable
variability, with a median of 75 months (quartiles 28144
moths) and a range of 1 to 420 months. The maximum
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untreated IOP was 29 mmHg (24-37; range: 12—-57 mmHg);
the most frequently recorded treated IOP was 20 mmHg
(18-26; range: 4-65 mmHg), and the preoperative IOP was
22 mmHg (18-28; range: 10-65 mmHg). Patients were
receiving a median of 4 (3—4; range: 0—7) hypotensive med-
ications before surgery.

Most patients had structural and functional assessments
available at the time of inclusion: 92.7% had a recent visual
field test and 88.3% had an OCT RNFL measurement docu-
mented. The preoperative MD was —14.47 dB (—21.60 to
—7.85; range: —2.93 to —33.42 dB), and the average RNFL
thickness was 60 pm (50-75; range: 28—111 pum), both of
which reflect advanced functional and structural damage.

Regarding surgical intervention, the most frequently
performed procedure in the total population was trabecu-
lectomy with or without mitomycin C, used in 38.3% of
patients. MIBS (Xen® Gel Stent: Allergan, an AbbVie
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Table 2 Clinical characteristics of the total study sample

Characteristics at the time of
referral: total population, median
(quartiles) and range

Sex (%) Male: 56% — Female: 44%

Age at surgery (years) Median 72 (64-78), range
23-94

Glaucoma type (%) POAG 52%; PSG 23%; Sec-

ondary open angle, not PSG
17.7%; NTG: 5%; Juvenile

2.3%

Duration of glaucoma (months) Median 75 (28-144), range
1-420

Highest untreated IOP (mmHg) Median 29 (24-37), range
12-57

Typical treated IOP (mmHg)
Preoperative IOP (mmHg)

Median 20 (18-26), range 4—65

Median 22 (18-28), range

10-65

Number of glaucoma medications, Median 4 (3—4), range 0—7

for the study eye*

Mean deviation (MD, dB) Median—14.47 (—21.60 to

—7.85), range—33.42 to —2.93

Split fixation 30%

RNFL thickness (um) Median 60 (50-75), range
28-111

IOP, intraocular pressure; MD, mean deviation, RNFL thickness,

retinal nerve fibre layer thickness measured with optical coherence

tomography

POAG: primary open angle glaucoma, PSG: pseudoexfoliative glau-
coma, NTG: normal tension glaucoma

* The number of glaucoma medication for the study eye is expressed
in points, summarized from topical medication (1 point for mono-
therapy, 2 points for fixed dose combinations), oral acetazolamide (1
point) and selective laser trabeculopasty (1 point)

Company; Irvine, CA, USA; and Preserflo® MicroShunt:
Santen Pharmaceutical; Osaka, Japan) accounted for 28.3%,
while drainage devices (Ahmed® Glaucoma Valve, New
World Medical; Rancho Cucamonga, CA, USA; Baerveldt®
Glaucoma Implant, Johnson & Johnson Surgical Vision;
Santa Ana, CA, USA; and the Paul® Glaucoma Implant,
Advanced Ophthalmic Innovations; Singapore) were used
in altogether 11.3% of cases. Trabecular MIGS repre-
sented 8.7%, followed by EX-PRESS® Glaucoma Filtration
Device (Alcon Laboratories, Fort Worth, TX, USA) implan-
tation (5.0%), nonpenetrating deep sclerectomy (4.3%),
and cyclodestructive procedures (3.3%). No other types
of glaucoma surgical interventions occurred. Only 18.7%
of surgeries were combined with phacoemulsification The
type of surgery was strongly related to disease severity cat-
egories, such that bleb forming filtering and drainage proce-
dures were preferentially used in patients with poorer prior
IOP control and more advanced damage, whereas trabecu-
lar MIGS were predominantly performed in eyes with less
elevated IOP (y*> = 93.3; p<0.001, Cramér’s V=0.56).

Assessment of referral timeliness in the total popula-
tion showed that 35.7% of patients were referred later than
optimal, and 29.7% were referred late, with severely lim-
ited visual field deterioration. Only 34.7% were referred
in a timely manner, before clinically significant deteriora-
tion developed. Late referrals exhibited substantially worse
functional loss (Kruskal-Wallis H=124.9, p<0.001, &2
= 0.42) and thinner RNFL (H=29.8, p<0.001). The pro-
portion of eyes showing split fixation increased markedly
with referral delay, from approximately 10% among timely
referrals to 28% among those referred later than optimal and
42% among those referred late.

When stratifying the cohort by European geographical
regions (Table 3), 100 patients were from South Europe, 80
from West Europe, 60 from East Europe, and 60 from North
Europe. Age differed significantly across regions (Kruskal—
Wallis H=18.77; p=0.0003), being lower in East Europe
and higher in North Europe. The duration of glaucoma
did not differ significantly across regions (Kruskal-Wallis
p=0.106). However, the IOP parameters showed significant
regional variability.

Maximum untreated IOP differed across regions (Krus-
kal-Wallis p=0.024) with median (quartiles) values of 30
mmHg (26-38) in South Europe, 28 mmHg (24.0-36.2) in
East Europe, 26.5 mmHg (22—-32) in West Europe, and 33.5
mmHg (24.5-40.2) in North Europe (Table 4).

Typical treated IOP also differed significantly across
regions (Kruskal-Wallis p<0.001), being lowest in West
Europe (17 mmHg; 5-21) and highest in North Europe
(24 mmHg; 19.2-31.5), with intermediate values in South
Europe (20 mmHg; 18-25) and East Europe (22.5 mmHg;
18.7-26.0). The preoperative IOP also demonstrated signifi-
cant inter-regional differences (Kruskal-Wallis p<0.001),
with the highest values observed in South Europe (24
mmHg; 21.0-30.2) compared with East Europe (22 mmHg;
18-30), North Europe (22.5 mmHg; 17.0-27.2), and the
lowest in West Europe (18 mmHg; 15.7-21.2).

The distribution of glaucoma types also differed between
the regions (x> =41.8; p=0.013). The South-European region
was characterized by a higher prevalence of PSG, the East-
European and the West-European by a predominance of
POAG, and the North-European by a mix of POAG and PSG.

Significant regional differences were also observed in the
choices of surgery (3> = 170.3; p<0.001). In the East Euro-
pean region, traditional trabeculectomy was predominantly
used (63.3%), together with a substantial proportion of EX-
PRESS Device procedures (25.0%). In the South-European
region, a mixed surgical profile was observed, combining
filtering procedures (38.0%), MIBS options (34.0%) and
drainage devices (20.0%). In the West European region,
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Table 3 Clinical and demographic characteristics in the European regions

Characteristics (%, or median South Europe East Europe West Europe North Europe P-value lvs.2 1vs.3 1vs.4 2vs.3 2vs.4 3vs. 4
and range) (1) 2) 3) 4
Sex (%, male) 56% 55% 58% 53% 0.842%*
Age (years) 72 (64-78) 68 (59-75) 70 (63-79) 74 (66-80) 0.00031 0.018 0.412 0.009 0.041 0.001 0.067
Most frequent glaucoma type (%) PSG (38%)  POAG (52%) POAG (48%) POAG (50%) 0.013*  0.090 0.012 0260 0.006 0.036 0.110
Duration of glaucoma (months) 78 (30-150) 70 (24-120) 82 (30-140) 75 (29-150) 0.106F
Highest untreated IOP (mmHg) 30 (26-38) 28 (24-36.2)  26.5(22-32)  33.5(24.5-40.2) 0.024+  0.142  0.021 0.118  0.048  0.071 0.004
Typical treated IOP (mmHg) 20 (18-25) 22.5(18.7-26) 17 (15-21) 24 (19.2-31.5) <0.001f  0.030 <0.001 0.012 <0.001 0.046 <0.001
Preoperative IOP (mmHg) 24 (21-30.2) 22 (18-30) 18 (15.7-21.2) 22.5(17-27.2) <0.001f  0.064 <0.001 0.083 <0.001 0.112 <0.001
RNFL thickness (pm) 64.4 (50-75)  69.1 (50-85)  58.2 (48-66)  60.3 (47-72) <0.001f  0.021  0.008 0334 <0.001 0.004 0.041
MD (dB) -13.3(-21.6 -16.7(-22.5 -14.8(-22.0 -122(-18.6to 0.055%

to —7.8) to —10.1) to —8.3) -6.9)
Split Fixation (%) 27% 39% 31% 29% 0.190*

IOP, intraocular pressure; M, male sex; MD, mean deviation; RNFL thickness, retinal nerve fibre layer thickness measured with optical coherence tomography

* y2 test and pairwise y? test with Bonferroni-correction

T Kruskal-Wall test with Dunn’s post-hoc test and Bonferroni correction

Table 4 Comparison of timeliness of the referrals between the Euro-
pean regions (%)

South East West North P-value
Europe Europe Europe Europe
Timely 41.0% 20.0 % 40.0 % 31.7% 0.055
Later than  37.0 % 41.7 % 33.8% 30.0 %
optimal
Late 22.0 % 38.3% 26.2 % 38.3 %
x2 test

trabecular MIGS and less invasive options were preferred,
with 22.5% of the eyes undergoing trabecular MIGS and
30.0% MIBS options, accompanied by a smaller proportion
of trabeculectomy (16.3%) and glaucoma drainage device
surgery (15.0%). In the North European region, a more bal-
anced pattern was observed, with a predominance of trabec-
ulectomy (43.3%) and MIBS options (23.3%), while other
techniques were rarely used.

Referral timeliness was first analysed using the three
predefined categories (timely, later than optimal, and
late). When considering the full distribution, a non-signif-
icant trend toward regional differences was observed (y2,
p=0.055), suggesting heterogeneous referral patterns in
Europe without reaching formal statistical significance after
correction for multiple comparisons. To further explore clin-
ically relevant differences, referral timing was subsequently
dichotomized as timely versus non-timely (later than opti-
mal and late in combination). This analysis revealed signifi-
cant regional differences (y2, p=0.019), with East Europe
showing the lowest proportion of timely referrals (20%),
compared with South and West Europe (approximately
40%), and North Europe (31.7%).

When analysing functional and structural status across
referral categories, significant differences were observed.
Late-referred patients showed markedly worse visual field
MD (Kruskal-Wallis H=124.9, p<0.001) and significantly
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thinner RNFL (H=29.78, p<0.001) compared with those
referred on time or later than optimal. In contrast, intra-
ocular pressure parameters, including maximum untreated
IOP, typical treated IOP, and preoperative IOP, did not dif-
fer significantly across referral categories (p>0.100 for
all).

Discussion

Comparison with prior evidence and
epidemiological context

The EURACCUR Study aims to provide a contemporary
European overview of open-angle glaucoma referral patterns
and surgical glaucoma practice in 2025. Therefore, centres
from several, geographically different European countries were
invited to participate in the project. Fiveteen of these countries
completed the questionnaire for 300 consecutive open-angle
glaucoma patients in a distribution that made it possible to
establish four European “regions”. In order to create sufficiently
powered datasets for meaningful within-Europe comparisons,
geographically proximate countries with shared historical and
broad socioeconomic characteristics were grouped into Euro-
pean geographic regions. This grouping strategy was adopted
to enhance statistical robustness while reflecting common
structural features of healthcare delivery across neighbouring
countries. However, these regional groupings do not imply
homogeneity in healthcare organization, reimbursement poli-
cies, access to diagnostic technologies, or availability of surgi-
cal devices, which may vary substantially between countries
even within the same geographic region.

In our cohort advanced functional and structural dam-
age at the time of referral was overrepresented, despite
maximal medical therapy. This finding is consistent with the
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increasing epidemiological burden of glaucoma projection
models for Europe, which estimate more than 12 million
affected individuals in 2024 and anticipate a further rise by
2050 due to demographic ageing [1, 2]. Importantly, more
than half of glaucoma cases in Europe remain undiagnosed
in the general population [2], suggesting that many patients
reach ophthalmology care, and ultimately surgical referral,
but at relatively advanced stages.

The predominance of POAG and PSG in our cohort
aligns with the updated European Eye Epidemiology Con-
sortium findings [2], as well as earlier systematic reviews
showing that POAG remains the dominant subtype in the
Western and Northern regions [14]. The advanced structural
damage and significant visual field deterioration at the time
of referral for glaucoma surgery found in the EURACCUR
study reflect this epidemiologic trend, particularly in regions
where PSG is more aggressive and faster-progressing, even
if potential differences in the quality of glaucoma care dur-
ing the non-surgical treatment period could also play a role
in the outcome. These potential differences, however, were
not investigated in the current study.

Earlier European investigations highlighted persistent
deficiencies in detecting structural progression and integrat-
ing OCT-based analysis into routine glaucoma surveillance
[4, 15]. Despite substantial advances in OCT technology,
introducing widefield imaging and artificial intelligence
(Al)-assisted progression tools in glaucoma care over the last
decade, our present results suggest that late surgical referral
continues to occur at a high rate, indicating that these tech-
nologies are yet to be widely implemented in routine clinical
practice. A large proportion of clinically significant visual
field deterioration developed before referral for surgical
intervention in the EURACCUR study. This raises important
concerns regarding the translation of technological advances
and guidelines into real-life clinical practice [3, 16].

The relevance of appropriate timing of referral has been
well documented, as progression of glaucomatous field loss
increases the risk of falls, reduced reading ability and leads
to impairment of VRQoL [17-20]. In this context, the high
proportion of late and later-than-optimal referrals in the
EURACCUR study underscores a persistent clinical gap
with substantial functional consequences.

Regional differences in clinical presentation and its
relevance to clinical practice

Preoperative IOP differed significantly across four European
regions, with the highest median values in South Europe
(24 mmHg) and the lowest in West Europe (18 mmHg), fol-
lowed by East Europe (22 mmHg) and North Europe (22.5
mmHg).

Structural and functional damage also differed across
regions. The median RNFL thickness was highest in East
Europe (69.1 um) and lowest in West Europe (58.2 um)
showing that the structural damage was typically advanced
in all regions when the referral for glaucoma surgery was
made. The apparent discordance between structural and
functional measures, particularly the relatively higher mean
RNFL thickness observed in East Europe despite the worse
visual field MD, is explained by differential availability of
OCT data. In routine clinical practice, OCT imaging is often
omitted in eyes with advanced glaucoma, since RNFL thick-
ness measurements are subject to floor effect, and provide
limited additional clinical information. In contrast, visual
field testing remains a useful tool even in advanced glau-
coma. Consequently, RNFL thickness data are more likely
to be available for eyes with mild and moderate structural
damage, leading to a virtual overestimation of average
RNFL thickness in geographic regions where the regional
visual field deterioration is advanced.

The distribution of functional loss followed a pattern,
in which more pronounced MD deterioration was found
in East and West Europe (median—16.7 dB and —14.8 dB,
respectively) compared with South Europe (—13.3 dB) and
North Europe (— 12.2 dB). However, these median values all
show that the typical functional deterioration was advanced
in each region when glaucoma surgery was considered. The
proportion of timely referrals varied markedly, being high-
est in South and West Europe (41% and 40%, respectively),
somewhat lower in North Europe (31.7%), and considerably
lower in East Europe (20%). These figures, however, show
that even in the best performing regions the majority of the
cases were not referred for surgery in time.

These geographic disparities found by us mirror the
findings of a recent European task-force analysis, which
highlighted substantial heterogeneity in diagnostic infra-
structure, access to OCT and visual field devices, and
availability of minimally invasive glaucoma surgical tech-
nologies [21]. The present study reinforces that structural
differences between healthcare systems may translate into
clinically relevant discrepancies in disease severity at the
time of referral for glaucoma surgery.

Patterns of surgical choice and their determinants

Selection between choices of surgeries for open-angle
glaucoma in the EURACCUR study varied widely among
regions. Trabeculectomy remains the most frequently per-
formed procedure overall, reflecting its well-documented
long-term IOP-lowering efficacy [6, 7]. However, the expan-
sion of MIBS options, and the recent evidence supporting
their safety and effectiveness [22—26], explain the increasing
popularity of these options in Europe. In our investigation
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the highest rate of using trabecular MIGS was found in
the West-European region. This suggests a broader device
availability and affordability, which may increase the glau-
coma surgeons’ familiarity with the Schlemm’s canal-based
approaches. The East-European region relied predominantly
on trabeculectomy, reflecting more traditional surgical par-
adigms and possibly limited access to and affordability of
newer and more expensive technologies. In the South-Euro-
pean region, where the disease severity was particularly high
in our investigation, a similar use of trabeculectomy, MIBS
and drainage devices were preferred. It is important to note
that economic factors could also play a role in the choice of
surgery. Significant differences in device availability/afford-
ability, national reimbursement policies, private insurance
coverages and procedural costs exist in the various European
countries. However, as detailed information on surgical costs
and reimbursement structures was not collected in the pres-
ent study, the impact of economic factors on the procedure
selection cannot be quantified. Therefore, the results need
to be interpreted in the context of heterogeneous healthcare
financing systems across Europe.

Clinical trial data demonstrate that MIBS often offer
substantial IOP reduction with faster postoperative visual
recovery compared with trabeculectomy [8—11, 26]. How-
ever, these benefits are primarily relevant in patients who
are referred for surgery early, long before the late stage
structural and functional damage develops. Unfortunately,
considering the total EURACCUR population the majority
of patients were referred in a glaucoma stage which was too
late to benefit from the less invasive options, reinforcing the
deleterious impact of delayed referral.

Referral timing and consequences of delay

One of the most striking findings of the EURACCUR study
is the high proportion of delayed referrals, in all European
regions. Late-referred patients showed substantially more
visual field deterioration and lower RNFL thickness com-
pared to those with timely referrals. In the current investiga-
tion the success of glaucoma surgery was not investigated.
However, our results also suggest that prolonged topical
treatment, particularly when involving preserved eye drops,
may compromise conjunctival health and reduce surgical
success rates [27].

Late referral also limits the range of viable surgical
options. Although MIGS were fond effective in mild-to-
moderate glaucoma [5, 8], eyes with advanced disease
often require filtration surgery or glaucoma drainage device
implantation. The more aggressive procedures carry a
higher risk of early postoperative hypotony, slower visual
recovery and a greater likelihood of bleb-related complica-
tions [6, 7, 22, 23].
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The persistence of late referral patterns in Europe in
2025 suggests systematic barriers, including fragmented
care pathways, limited access to and use of imaging tech-
nologies, financial limitations to widely access the MIGS
and MIBS options, and incomplete adoption of structured
progression-monitoring protocols. The potential underuse
of selective laser trabeculoplasty as a first-line therapy, as
reported in an earlier European study, may also contribute
to delayed surgical decision-making [4]. In addition, neither
physician-related variables of the referring ophthalmologists
(e.g. experience or subspecialty training), nor patient-related
socioeconomic factors were evaluated. Patient-related fac-
tors could also contribute to delayed referrals. In particular,
poor adherence to the prescribed medication and/or sched-
uled follow-up visits could result in a delayed detection
of progression, and as a consequence, a less than optimal
timing of referral for surgery. Since patient compliance at
the referring setting and during any earlier glaucoma care
periods was not investigated by us, its impact could not be
analysed in the current study.

The observed distribution of surgical procedures does
not exclusively reflect clinical disease severity. Although
our questionnaire captured the procedures and recorded
whether certain surgical options were unavailable in the
investigators’ practices, it did not assess surgeons’ prefer-
ences, intentional decision-making pathways, or detailed
device availability constraints at the individual patient level.
Consequently, variation in surgical choices may also reflect
health care system related factors such as access, reimburse-
ment and institution availability. To consider these divers
factors additional variables are required, which were not
collected in our investigation.

Strengths and limitations

The strengths of the EURACCUR study include its real-
world, multicentre European design, standardization of data
collection, and the ability to assess both clinical severity and
surgical patterns across diverse healthcare systems in 2025.
The questionnaire used in the current investigation is simi-
lar to that applied in an earlier European study (the Ref-GS
study) which investigated referrals for glaucoma surgery in
2017 [4]. Even if the results of the two investigations con-
ducted 8-years apart are not directly comparable, the current
EURACCUR study did not find a major improvement in the
timeliness of the referrals for glaucoma surgery in Europe.
This outcome is particularly worrying since update editions
of the European Glaucoma Society Guidelines, which all sup-
port timely glaucoma surgery, have been freely available and
downloadable in various European languages for decades.
Our study has limitations. We could not address the influ-
ence of care quality during the pre-referral period on the
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outcome. Findings are representative of tertiary specialist
referral pathways rather than national referral practice. The
number of cases analysed by us made it possible to com-
pare European “regions” and detect significant differences
between these regions even after Bonferroni correction. But
the 300 referrals we collected may not be fully represen-
tative for the real, larger European regions, which include
countries from which no data relevant to the current investi-
gation arrived. Our study design does not allow us to assess
the relationship between the duration of care by the first
(and any subsequent) physician, and the stage of glaucoma
at the initial presentation. The EURACCUR Study focused
on disease severity at the time of referral for glaucoma sur-
gery. Thus, associations between disease stage, duration of
initial management, and later referral timing cannot be ana-
lysed using the present dataset. Another limitation relates
to the regional grouping strategy. Although countries were
grouped to allow comparative analyses, substantial hetero-
geneity exists within the regions regarding healthcare sys-
tems, reimbursement structures, access to diagnostic tools
and availability of glaucoma surgical technologies. These
within-region differences may not be fully captured by broad
geographic grouping while they could influence referral pat-
terns and surgical choices. Therefore, the observed regional
differences should be interpreted as descriptive and com-
parative associations, rather than clear causal relationships.

Further, a larger sample size might have increased the
probability of identifying additional significant between-
region differences. In the current investigation the main goal
was to evaluate referral timeliness for various European
areas. To facilitate this, we used an easy-to-apply, uniform
disease severity category distribution, which can be refined
for similar future investigations focusing on smaller geo-
graphic areas, where glaucoma patients are tested with less
diverse perimetry and OCT systems.

Future directions

Future work should prioritize continuous education on mea-
suring and understanding glaucomatous progression, inte-
gration of structural and functional progression analyses,
particularly trend-based OCT and visual field progression
analyses for routine glaucoma management in Europe. The
expansion of teleophthalmology models and centralized diag-
nostic hubs could mitigate regional disparities in diagnostic
infrastructure. Improving access to selective laser trabecu-
loplasty and MIGS/MIBS in regions where these modali-
ties remain underutilized may allow earlier non-surgical and
surgical interventions and reduce reliance on conventional
filtration surgery. Artificial intelligence-driven progres-
sion algorithms hold promise for prompting earlier detec-
tion of deterioration and standardizing referral thresholds.

Harmonized European referral pathways and reimbursement
models could also further reduce the geographic variability.

Conclusions

Despite advances in diagnostic technologies, medical edu-
cation tools and the expansion of minimally invasive sur-
gical options, late referral for glaucoma surgery remains a
major challenge in Europe. The EURACCUR Study high-
lights substantial regional heterogeneity in disease pheno-
type, clinical severity at the time of referral for surgery, and
considerable differences in surgical practice. Addressing
systemic barriers to early detection, standardizing progres-
sion assessment and harmonizing referral criteria in Europe
are essential to reduce the preventable decline of VRQoL
and optimize glaucoma care.
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