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Background/Aims: Surgical procedures in ophthalmology underlie variations over different 
time periods and are strongly dependent on the technical process and the invention of innovative 
surgical techniques. Especially, in glaucoma surgery a lot of surgical devices and techniques have 
been introduced during the last years. Until now, the use of these newer techniques has not been 
shown on a robust data basis. We herein present the numbers of different types of glaucoma 
surgeries performed at German hospitals between 2006 and 2018.
Methods and Design: The quality reports of hospitals in Germany from 2006 to 2018 were 
analyzed concerning all procedural codes for glaucoma surgery and intervention. Especially, 
the change in usage of “classical” and “modern” surgical techniques (MIGS: “minimally 
invasive glaucoma surgery”) or devices was compared.
Results: The number of glaucoma procedures performed increased by 75% from 27,811 in 
2006 to 48,794 in 2018. Absolute numbers of trabeculectomies, goniotomies, ab externo 
trabeculotomies and to a certain level cyclodestructive procedures decreased during the 
examined years while use of MIGS has increased in absolute and relative numbers since 
2012. From 2015 a strong increase in the usage of XEN implants could be seen. Drainage 
implants (such as Baerveldt/Ahmed) showed stable absolute numbers over the time period 
covered. Absolute numbers of laser trabeculoplasty peaked in 2014 and decreased after-
wards. Iridotomies and iridectomies increased by 120%/248% over the whole period.
Conclusion: Our data show a trend towards the modern surgical options and especially 
MIGS during the recent years. Classical procedures showed a decrease in total numbers 
emphasized from 2013. These numbers confirm the assumption that modern glaucoma 
surgery is becoming more and more popular and established in German hospitals.
Keywords: glaucoma surgery, MIGS, trabeculectomy, laser trabeculoplasty

Introduction
Glaucoma is one of the leading causes of irreversible blindness.1 The disease might 
affect almost 80 million people in 2020 and up to 112 million people in 2040.2,3 To 
date, the only ophthalmological treatment is lowering of the intraocular pressure 
(IOP) since elevated IOP is known to be one of the major risk factors for devel-
opment and progression of the disease.4 There are different IOP-lowering treatment 
options: topical therapy (eye drops), laser therapy and surgery. Over the last 
decades, treatment options have changed and improved and especially during the 
last years several new surgical devices and techniques have been introduced.5,6 

Especially the “MIGS” (minimally invasive glaucoma surgery) devices attracted 
both surgeons and patients by promising satisfying pressure-lowering capabilities 
with only minor surgical trauma to the eye.

Correspondence: Jan Luebke  
Eye Center, Medical Center – University 
of Freiburg, Killianstrasse 5, Freiburg, 
79106, Germany  
Tel +49 761 270 40010  
Email jan.luebke@uniklinik-freiburg.de

Clinical Epidemiology 2021:13 581–592                                                                         581
© 2021 Luebke et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Epidemiology                                                                           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 10 March 2021
Accepted: 13 May 2021
Published: 13 July 2021

C
lin

ic
al

 E
pi

de
m

io
lo

gy
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-3946-5759
mailto:jan.luebke@uniklinik-freiburg.de
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Acceptance and usage of new medical devices and 
treatments largely depends on the surgeon’s preferences, 
as it has been shown for American ophthalmic surgeons.7,8 

Nevertheless, the choice of treatment also depends on the 
medical health system in a given country itself. 
A changing trend for the usage of laser trabeculoplasty 
and filtration surgery has been shown for Australia up until 
2014.9

For European countries, trends in glaucoma surgery 
have been published for France, Scotland, England and 
Wales, and Portugal but these reports only include the 
years until 2014, 2012 or 2015 and do not cover all 
different subtypes of glaucoma-related procedures.10–12 

Changes in glaucoma surgery over the last years and 
especially since MIGS were introduced have not been 
published so far.

The contribution that hospitals make to the surgical 
treatment of patients with glaucoma in Germany can be 
derived from the quality reports of the Federal Joint 
Committee. All outpatient and inpatient surgical proce-
dures are listed in these reports using the OPS 
(Operation and Procedure Code) and ICD (International 
Classification of Diseases). The quality reports thus pro-
vide a reliable and valid instrument for objective assess-
ment of the quantitative surgical performance of German 
hospitals and have already been used for scientific analysis 
of ophthalmological procedures.13–16 The quality reports 
are publicly available. In the case of scientific use of the 
data there is an obligation to notify the Federal Joint 
Committee (G-BA). If data of the quality reports are 
used for scientific purposes, it must be ensured in the 
case of a scientific publication that they cannot be 
assigned to individual hospitals. The quality reports only 
cover medical facilities that are defined as hospitals 
according to German law. However, they are reliable, 
since they are not self-assessments, but based on account-
ing data.

We herein present a detailed report of the changes in 
different glaucoma surgeries performed in hospitals in 
Germany between 2006 and 2018.

Methods
The quality reports for hospitals for the years 2006 to 2018 
were requested in machine-readable form (Extensible 
Markup-Language [XML]) at https://www.g-ba.de/institu 
tion/themenschwerpunkte/qualitaetssicherung/qualitaetsda 
ten/qualitaetsbericht/xml-daten/

For 2007, 2009 and 2011 no quality reports were 
available. The relevant data records were converted into 
a relational database.

The quality reports of the hospitals are used only 
partially or in extracts. For a complete, unchanged pre-
sentation of the hospital quality reports, see www.g-ba.de.

These quality reports included the pooled data of 422 
German institutions in total. The total number of glaucoma 
surgeries performed at German hospitals and the detailed 
numbers for different glaucoma procedures were analyzed. 
Included OPS are shown in Table 1.

The OPS system has undergone several minor changes 
and improvements during the last years and the time 
period covered in our analysis. Formerly used codes 
were expanded (eg “filtration surgery” 5–131 was divided 
into differing procedures [5–131.A] which themselves 
were divided into usage or non-usage of adjuvant medical 
therapy [5–131.AB]) or additional codes were included (eg 
“implant surgery with anterior chamber angle outflow” 5– 
131.61) for recently introduced procedures. Where possi-
ble, codes have been aggregated and/or summarized to 
enhance comparability.

In some cases, multiple codes could be used for one 
surgery performed. This especially includes surgical iridec-
tomies performed during trabeculectomies. Cyclodestructive 
procedures included all transscleral subtypes like micro- 
pulse laser therapy and continuous wave laser. Laser trabe-
culoplasty includes all types of trabeculoplasty not regarding 
the type of laser used.

A special situation was identified for implant surgery 
with subconjunctival outflow (5–131.6) which covered the 
bigger drainage implants (Baerveldt/Ahmed) and the 
newer XEN implant. Since especially the number of 
XEN implants was of interest as it is one of the newer 
procedures, we assumed a steady state for the use of 
drainage implants (roughly 750) from 2014 on as it resem-
bles the numbers from the preceding years. We therefore 
assumed that the difference between the total number of 
implants with subconjunctival outflow and these 750 will 
roughly resemble the number of XEN implants. Since only 
XEN45 implants were available in Germany during the 
time period covered we did not separate between XEN45 
and XEN63.

All procedures except the XEN implant are named 
according to their OPS without making differences 
between manufacturers. As for the XEN implant an excep-
tion was needed due to the estimation we made without 
having a special OPS coding for it. A specific code for 
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these implants was introduced in 2019. The Preserflo 
Microshunt was not fully introduced in Germany in 2018 
so only very minor numbers of these implants should be 
included. We therefore did not separate between the XEN 
implant and the Preserflo Microshunt.

We included the following OPS in the subgroup of 
MIGS: 5–131.61, 5–131.62, 5–133.8, 5–133.80, 5– 
133.81 and 5–133.9. Since the XEN implant is usually 
seen as a mixture of minimal invasive procedures and 
filtrations surgery we did not include it in the term 
MIGS as it is used in the following (what is in accordance 
with the guidelines of the European Glaucoma Society).17

Canalostomy might include ab interno canaloplasty but 
also other techniques to open Schlemm’s canal ab interno 
(such as trabeculotomy). The according OPS code could 
be used for several procedures.

All graphs were created and calculations were per-
formed with the Software R.18

Results
The different types of surgeries showed a huge variation 
over the analyzed time period.

The total number of glaucoma procedures including 
laser trabeculoplasty and iridotomy increased from 
27,811 in 2006 to 48,794 in 2018, which resembles an 
increase of about 75%.

Laser trabeculoplasty increased from 667 in 2006 up to 
its peak in 2014 of 3677 and then declined to a number of 
2736 in 2018 and accounted for up to 8.24% of all per-
formed glaucoma procedures at its peak in 2012.

Iridotomies and iridectomies increased over the whole 
examined period from 1415/1688 to 3120/4187, which 
resembles an increase of about 120%/248% and 
accounts for almost 15% of all performed procedures in 2018.

MIGS could only be tracked from 2012 on but then 
increased from only 56 up to 5589 in 2018 and then 

Table 1 All Included OPS Codes That are Assigned to 
Glaucoma-Related Procedures

5–131 Filtration surgery (unspecified)
5–131.0 Goniotrepanation or trabeculectomy

5–131.00 Without adjuvant medical therapy

5–131.01 With adjuvant medical therapy
5–131.0x Other

5–131.1 Scleral trepanation

5–131.2 Iridencleisis
5–131.3 Other scleral fistulation surgery

5–131.4 Revisional surgery after fistulation surgery

5–131.40 Revision of a bleb
5–131.41 Surgical closure after scleral fistulation surgery

5–131.42 Opening of a scleral suture

5–131.4x Other
5–131.5 Lasersclerostomy

5–131.6 (Filtration) surgery using an implant

5–131.60 … with subconjunctival outflow
5–131.61 … with anterior chamber angle outflow

5–131.62 … with suprachoroidal outflow

5–131.6x Other
5–131.7 Trabeculotomy

5–131.8 Goniotomy

5–131.x Other
5–131.y Not specified

5–133 Improving aqueous humor circulation

5–133.0 Surgical iridectomy
5–133.1 Trabeculotomy

5–133.2 Goniotomy

5–133.3 Laser trabeculoplasty
5–133.4 Gonioplasty or iridoplasty via laser

5–133.5 Cyclodialysis

5–133.6 Laser iridotomy
5–133.7 Trabecular aspiration

5–133.8 Intraocular trabeculotomy

5–133.80 Via laser
5–133.81 Via electroablation

5–133.8x Other

5–133.9 Trabecular shunt implantation
5–133.x Other

5–133.y Not specified

5–132 Lowering of the intraocular pressure through ciliary body 
surgery

5–132.0 Not specified
5–132.1 Cyclocryotherapy

5–132.2 Cyclophotocoagulation

5–132.20 Surgically
5–132.21 Endoscopically

5–132.22 Transsclerally

5–132.2x Other
5–132.x Other

5–132.y Not specified

5–134 Non-filtrating surgery

(Continued)

Table 1 (Continued). 

5–134.0 Viscocanalostomy

5–134.00 Without adjuvant medical therapy
5–134.01 With adjuvant medical therapy

5–134.1 Deep sclecrectomy

5–134.10 Without adjuvant medical therapy
5–134.11 With adjuvant medical therapy

5–134.2 Viscocanaloplasty

5–134.x Other
5–134.y Not specified
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accounted for more than 11% of all procedures in our data. 
The annual growth rate for these procedures was espe-
cially high in the first years and settled at around 16– 
35% for the last years (growth rates: 2013: 858%, 2014: 
66%, 2015: 218%, 2016: 16%, 2017: 35%, 2018: 29%). 
Similar growth rates could be found for the estimated 
number of XEN implants.

The rate of trabeculectomies and filtration surgery in 
total decreased slightly over the years after a peak in 2008 
(9557; 25.54%), especially during the more recent years 
from 2015 on (7275/16.83% in 2015 to 5844/11.98% in 
2018). Of these procedures, an increasing part was per-
formed with additional medical antifibrotic treatment (eg 
Mitomycin C). In 2018, 5.3% of filtration surgeries were 
performed without and 92.1% were performed with addi-
tional antifibrotic treatment; 2.6% were not specified. In 
2006, 30.7% were performed without and 53.9% were 
performed with antifibrotic treatment while 15.4% were 
not specified. Bleb-revisional surgery that accounts for 
revision after trabeculectomy/goniotomy as well as after 
XEN implantation increased slightly over the years but 
tripled in total in 2018 compared to 2006.

Cyclodestructive procedures decreased in numbers 
from more than 10,000 (36.1% of all procedures in 
that year) in 2006 down to 5241 in 2015 and increased 
again in the recent years. In 2017 and 2018, cyclodestruc-
tive procedures were the most frequently performed glau-
coma surgery in German hospitals with a relative 
proportion of 17.38% in 2018.

The number of (ab externo) trabeculotomies performed 
decreased especially from 2015 on. Compared to 2014 
there was a drop from 2163 to 767, which equals 
a decrease of around 65%.

Table 2 shows the numbers of all subgroups of differ-
ent surgeries for the different years while Table 3 shows 
a more detailed view on the MIGS procedures.

In relation to the number of total surgeries performed 
in 2006 and 2018, cyclodestructive procedures were the 
most often performed surgeries but were topped by filtra-
tion surgery in the years 2013 to 2016. As already stated, 
MIGS gained from 2012 until 2018 accounting for more 
than 11% of total glaucoma procedures performed in 2018.

Besides viscocanaloplasty, non-penetrating surgical 
procedures accounted for only minor proportions of total 
surgeries during the included timeframe. Deep sclerec-
tomies were constantly below 1000 procedures per year 
and accounted for 1.59% of the total in 2018 and 2.31% in 

2006. Viscocanaloplasty steadily increased from 2012 
(809/1.86%) to 2281 (4.67%) in 2018.

For chosen surgeries and different subgroups, plots for 
the numbers of surgeries over the covered time period are 
shown in Figures 1,Figures 2. MIGS procedures are shown 
divided into different types in Figure 3.

Discussion
The aim of this study was to analyze the rates of different 
glaucoma procedures in Germany over the last years espe-
cially in regard of newer procedures like MIGS and their 
comparison to more classical surgical approaches.

At first, there has to be stated that the German medical 
system allows surgical treatments in both inpatient and out-
patient ways regardless of whether the treatment takes place 
in a hospital. The numbers we present in this study do only 
reflect patients treated in institutions which provide inpatient 
treatment (but do as well offer outpatient treatment). 
Facilities that only perform outpatient procedures are not 
covered. Nevertheless, trends in changes of surgical rates 
over time might reflect the total changes well.

In total, we saw an increase of about 75% for all 
glaucoma procedures from 2006 to 2018. This can partly 
be explained by the increase in outpatient treatments like 
laser iridotomy or laser trabeculoplasty but the surgical 
procedures increased in total number too during that time 
period. Other European countries (United Kingdom and 
Portugal) found similar trends during earlier time 
periods.11,12 In a Canadian report ranging from 1992 
until 2012 surgical rates did not increase in a similar 
way, although laser trabeculoplasty was used in increas-
ing numbers.19 The need for increasing numbers of pro-
cedures might in part be explained by the aging society in 
Germany and other developed countries. Since glaucoma 
is primarily a disease of the elderly, we might see 
a further increase of procedure rates during the next 
years. Another reason for increasing total numbers 
might be better ways of diagnosing glaucoma and there-
fore a raised need in treatment. Advances in diagnostic 
tools like OCT (optical coherence tomography) and 
improved glaucoma screening patterns might have led to 
a higher rate of diagnosed and treatment-needing 
patients.20,21 Another potential reason for increased num-
bers in procedures could be the modern understanding of 
target IOP and therefore the need for lowering IOP lower 
than 21 mmHg as, for example, in normal tension glau-
coma. Lower IOP values can usually be more easily and 
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reliable be achieved with surgeries compared to local 
therapy.

Additionally, we cannot rule out that patients under-
went multiple procedures and with increasing surgical 
options there might be a trend to more procedures per-
formed on a single patient.

Interestingly the rates of iridotomies and iridectomies 
increased over the almost entire period. Usually being 
performed in patients having a narrow angle situation 
(mostly iridotomy) or even a glaucoma attack (mostly 
iridectomy), these increasing numbers might lead to the 
question of whether the rates of narrow angle situations 
increased in a similar way. In 2012, Day et al reported 
a prevalence of angle closure glaucoma in Europe of 0.4% 
for people 40 years or older while earlier estimations 
assumed rates ranging from 0.1 to 0.25%.22 This might 
explain the rates of increased treatment in these patients. 
Especially, iridotomy has recently been shown to be 
a useful prophylactic treatment in narrow angle 
situations.23 Kerr et al showed a similar increase for iri-
dotomy rates in Australia until 2014 while surgical iridec-
tomies did not increase similarly.9 The aging society could 
have an influence on these numbers as well due to 
a thicker lens with increasing cataract and a more narrow 
chamber angle. It has to be taken into account, though, that 
surgical iridectomies might have been coded in addition to 
the code for other surgeries such as trabeculectomy.

Rates of laser trabeculoplasty (LT) as a non-surgical 
treatment showed the highest numbers during a period 
from 2012 to 2014 and then decreased again. Selective 
laser trabeculoplasty (SLT) as an alternative to the for-
merly performed argon laser trabeculoplasty (ALT) was 
first described in a clinical study in 1998 by Latina et al.24 

A publication that might have led the way for increasing 
popularity of SLT was probably the study by Nagar et al 
published in 2005 that compared SLT with the use of 
latanoprost.25 With an increasing number of studies that 
proved the effect of SLT and further distribution of needed 
equipment, the increasing rates of SLT in Germany for the 
following years might be explained. Kerr et al reported 
similar increases for LT figures in Australia from 2005 
until 2014, as did Szigiato et al for Ontario, Canada.9,19 

These studies did not cover the time period from 2014 on, 
in which we saw a decrease of laser trabeculoplasty num-
bers again. One possible explanation could be a “natural” 
decrease due to the situation of LT not being a new pro-
cedure anymore. It might also be a result of its IOP- 
lowering effect that was not as strong as many 

ophthalmologists might have hoped for and therefore per-
formed less SLT procedures. Another one might be that 
a lot of glaucoma patients might have been treated with 
ALT or more recently SLT and did not undergo a repeat 
procedure, which at least for SLT would be possible. 
Nevertheless, the LT numbers from 2015 on were still 
higher than they were in 2006 and 2008. After the highly 
relevant LiGHT study was published in 2019, in which an 
IOP-controlling and economic comparison between SLT 
and a latanoprost therapy was made, we might see another 
increase in SLT procedure numbers in the next years.26

Concerning the numbers of glaucoma implants, a slight 
increase until 2013 and from then on a huge rise in implanta-
tions performed could be found. Apart from the bigger glau-
coma drainage implants (Baerveldt/Ahmed), especially the 
smaller implants such as the iStent, CyPass and the XEN 
implant were introduced during the recent years. Just 
recently, the PreserFlo shunt was introduced but due to its 
novelty it should not affect the implant numbers in this study. 
The first year in which the code for trabecular bypass shunt 
implantation (iStent) was used was 2013, and the code for 
suprachoroidal drainage (CyPass) was first used in 2016. 
These implant devices all promised sufficient lowering of 
the intraocular pressure with a lower risk profile and a less 
invasive surgery compared to the classical surgical methods 
which has not been proven true for all implants, as the 
CyPass was withdrawn from the market in 2018.

The first XEN implants were used in 2013 but just 
recently (2019) a suitable code that differentiates between 
the bigger drainage devices and the XEN implant was 
introduced. The numbers of XEN implantations we calcu-
lated therefore is just an estimate but should reflect the 
development of its use sufficiently.

It is difficult to compare these implant numbers since 
the newer procedures were not covered in studies reporting 
on glaucoma surgeries so far. Barbosa-Breda et al covered 
the timeframe until 2015 and included bigger drainage 
devices for the last of these years and reported an increase 
in drainage device usage in Portugal as well as Murphy 
et al found for the years from 2006 to 2012 in Scotland, 
England and Wales.11,12 Bron et al found a similar trend 
until 2014 for France.10 Our data show a similar increase 
for glaucoma implants until 2014 but raise a lot more in 
the years after. From 2013 until 2018 the implant numbers 
increased by eight times. Since XEN implants were first 
used in Germany in 2013 these developments for the 
implant numbers could at least in part be explained by 
that introduction. Chang et al presented the procedure 
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preferences of glaucoma surgeons if they had to adopt the 
role of the patient and showed that especially the XEN 
implant was highly popular.7 To examine this trend better 
and in a more reliable way we will have to wait until more 

detailed surgical codes are established for longer time 
periods.

MIGS procedures in our data included other surgical 
options besides implants, namely the trabeculotomy 

Table 3 Numbers (and Percentages of Total) for Total Count of Surgeries and MIGS (Minimal Invasive Glaucoma Surgery) and 
Different Types of MIGS

Year Total MIGS Chamber 
Angle 
Shunt

Suprachoroidal 
Shunt

Intraocular 
Trabeculotomy

Intraocular 
Trabeculotomy 
(via Laser)

Intraocular 
Trabeculotomy (via 
Electroablation)

2006 27,811

2008 37,418
2010 38,093

2012 43,554 56 (0.13%) 56 (0.13%)

2013 44,923 537 (1.2%) 469 (1.04%) 68 (0.15%)
2014 46,839 894 (1.91%) 769 (1.64%) 125 (0.27%)

2015 43,235 2849 (6.59%) 1674 (3.87%) 55 (0.13%) 1120 (2.59%)

2016 41,835 3313 (7.92%) 1904 (4.55%) 347 (0.83%) 51 (0.12%) 1011 (2.42%)
2017 48,699 4499 (9.24%) 2570 (5.28%) 814 (1.67%) 104 (0.21%) 1011 (2.08%)

2018 48,794 5589 (11.45%) 3331 (6.83%) 1122 (2.3%) 133 (0.27%) 1003 (2.06%)
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Table 2 Numbers (and Percentages of Total) for Types of Surgery and Grouped Surgeries

Viscocanaloplasty Deep 

Sclerectomy

Canalostomy Goniotomy Trabeculotomy Cyclodestructive 

Surgery

Implants Bleb  

Revisions

With  

Adjuvant  
Treatment

Without  

Adjuvant  
Treatment

Filtration  

Surgery

XEN* Drainage  

Implants

Iridectomy LPI LTP MIGS Total – LTP/ 

LPI

LTP/LPI Total Year

643 (2.31%) 81 (0.29%) 167 (0.6%) 718 (2.58%) 10,040 (36.1%) 269 (0.97%) 966 

(3.47%)

3761 

(13.52%)

2139 

(7.69%)

6972 

(25.07%)

269 

(0.97%)

1688 

(6.07%)

1415 

(5.09%)

667 

(2.4%)

25,729 

(92.51%)

2082 

(7.49%)

27,811 2006

715 (1.91%) 297 (0.79%) 148 (0.4%) 752 (2.01%) 11,909 (31.83%) 379 

(1.01%)

1611 

(4.31%)

5983 

(15.99%)

1058 

(2.83%)

9557 

(25.54%)

379 

(1.01%)

1951 

(5.21%)

1521 

(4.06%)

1571 

(4.2%)

34,326 

(91.74%)

3092 

(8.26%)

37,418 2008

623 (1.64%) 580 (1.52%) 129 (0.34%) 1302 (3.42%) 11,559 (30.34%) 708 

(1.86%)

1938 

(5.09%)

6371 

(16.72%)

891 (2.34%) 8798 

(23.1%)

708 

(1.86%)

1508 

(3.96%)

1965 

(5.16%)

2991 

(7.85%)

33,137 

(86.99%)

4956 

(13.01%)

38,093 2010

809 (1.86%) 833 (1.91%) 552 (1.27%) 189 (0.43%) 1601 (3.68%) 11,720 (26.91%) 828 (1.9%) 2298 

(5.28%)

7743 

(17.78%)

719 (1.65%) 8534 

(19.59%)

828 (1.9%) 1828 (4.2%) 2159 

(4.96%)

3590 

(8.24%)

56 (0.13%) 37,805 

(86.8%)

5749 

(13.2%)

43,554 2012

1166 (2.6%) 852 (1.9%) 425 (0.95%) 181 (0.4%) 2098 (4.67%) 5778 (12.86%) 1047 

(2.33%)

2554 

(5.69%)

7485 

(16.66%)

572 (1.27%) 8068 

(17.96%)

578 

(1.29%)

3437 

(7.65%)

2119 

(4.72%)

3363 

(7.49%)

537 (1.2%) 39,441 

(87.8%)

5482 

(12.2%)

44,923 2013

1630 (3.48%) 963 (2.06%) 393 (0.84%) 379 (0.81%) 2163 (4.62%) 6245 (13.33%) 1614 

(3.45%)

2482 

(5.3%)

7148 

(15.26%)

654 (1.4%) 8040 

(17.17%)

95 (0.2%) 845 (1.8%) 3620 

(7.73%)

2252 

(4.81%)

3677 

(7.85%)

894 

(1.91%)

40,910 

(87.34%)

5929 

(12.66%)

46,839 2014

1403 (3.25%) 922 (2.13%) 251 (0.58%) 378 (0.87%) 767 (1.77%) 5241 (12.12%) 2917 

(6.75%)

2458 

(5.69%)

6633 

(15.34%)

503 (1.16%) 7275 

(16.83%)

493 

(1.14%)

1243 

(2.87%)

3769 

(8.72%)

2388 

(5.52%)

3183 

(7.36%)

2849 

(6.59%)

37,664 

(87.11%)

5571 

(12.89%)

43,235 2015

1582 (3.78%) 951 (2.27%) 220 (0.53%) 179 (0.43%) 722 (1.73%) 5331 (12.74%) 3990 

(9.54%)

2437 

(5.83%)

5763 

(13.78%)

423 (1.01%) 6467 

(15.46%)

989 

(2.36%)

1739 

(4.16%)

3616 

(8.64%)

2220 

(5.31%)

2431 

(5.81%)

3313 

(7.92%)

37,184 

(88.88%)

4651 

(11.12%)

41,835 2016

2194 (4.51%) 790 (1.62%) 162 (0.33%) 313 (0.64%) 870 (1.79%) 7530 (15.46%) 6426 

(13.2%)

3170 

(6.51%)

6172 

(12.67%)

335 (0.69%) 6675 

(13.71%)

2292 

(4.71%)

3042 

(6.25%)

3710 

(7.62%)

2597 

(5.33%)

2713 

(5.57%)

4499 

(9.24%)

43,389 

(89.1%)

5310 

(10.9%)

48,699 2017

2281 (4.67%) 776 (1.59%) 206 (0.42%) 482 (0.99%) 771 (1.58%) 8482 (17.38%) 7968 

(16.33%)

3105 

(6.36%)

5384 

(11.03%)

309 (0.63%) 5844 

(11.98%)

2765 

(5.67%)

3515 

(7.2%)

4187 

(8.58%)

3120 

(6.39%)

2736 

(5.61%)

5589 

(11.45%)

42,938 (88%) 5856 (12%) 48,794 2018

Abbreviations: LTP, laser trabeculoplasty; LPI, laser peripheral iridotomy; MIGS, minimal invasive glaucoma surgery (including trabecular stents, intraocular trabeculotomy  
via laser or electroablation, suprachoroidal shunts); Drainage implants, Baerveldt/Ahmed implant, including XEN; XEN, estimated value (see Methods section); Filtration surgery.  
not including XEN implant; Implants, all implantable glaucoma devices including drainage implants and MIGS implants.
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performed intraocularly via laser (excimer laser trabeculo-
plasty, ELT) or via electroablation (Trabectome). Our data 
show an enormous increase for all of these MIGS procedures 
in total from the years 2013 on, although the trabeculotomy 
ab interno showed a nearly steady state after a big increase 
from 2014 to 2015 which might be explained by the intro-
duction of the new code for trabeculotomy via electroabla-
tion in 2015. The huge decrease of trabeculotomy in total 
might be explained with the emerging of other MIGS proce-
dures introduced around that time. The total increase in 
MIGS procedures and modern surgery reflects the assumed 
trend in modern glaucoma surgery.27,28 Until now, these 
assumed trends could not be reflected in real numbers. Our 
data show that this assumption of favoring newer procedures 
or MIGS is a major reason for the increase of the total 
number of performed glaucoma surgeries.

Nonpenetrating surgical procedures other than canalo-
plasty (and canalostomy) accounted for only minor propor-
tions of total surgeries. Canaloplasty itself as a procedure 

somewhat in between the classical options such as trabecu-
lectomy and the modern MIGS increased steadily over the 
years, which might reflect the trend from more invasive 
surgery to procedures that promise less complications. 
These numbers cannot be compared to other countries due 
to the lack of published data on this procedure.

Presenting the numbers, we separated between “modern” 
and “classical” surgical procedures. Classical procedures 
included mainly types of surgery that have been available 
and established for a longer time and did not undergo 
changes in the way they are performed. Cyclodestructive 
procedures were the most frequently performed glaucoma 
surgery until 2013. From then until 2016 their use decreased 
and trabeculectomy was the most frequently used surgical 
procedure, but the rate of cyclodestructive procedures 
increased again in the years 2017 and 2018 and in these 
years accounted for the most performed group of glaucoma 
procedures in German hospitals. This is somewhat surprising 
due to the assumed popularity of MIGS but it has to be taken 

Table 2 Numbers (and Percentages of Total) for Types of Surgery and Grouped Surgeries

Viscocanaloplasty Deep 

Sclerectomy

Canalostomy Goniotomy Trabeculotomy Cyclodestructive 

Surgery

Implants Bleb  

Revisions

With  

Adjuvant  
Treatment

Without  

Adjuvant  
Treatment

Filtration  

Surgery

XEN* Drainage  

Implants

Iridectomy LPI LTP MIGS Total – LTP/ 

LPI

LTP/LPI Total Year

643 (2.31%) 81 (0.29%) 167 (0.6%) 718 (2.58%) 10,040 (36.1%) 269 (0.97%) 966 

(3.47%)

3761 

(13.52%)

2139 

(7.69%)

6972 

(25.07%)

269 

(0.97%)

1688 

(6.07%)

1415 

(5.09%)

667 

(2.4%)

25,729 

(92.51%)

2082 

(7.49%)

27,811 2006

715 (1.91%) 297 (0.79%) 148 (0.4%) 752 (2.01%) 11,909 (31.83%) 379 

(1.01%)

1611 

(4.31%)

5983 

(15.99%)

1058 

(2.83%)

9557 

(25.54%)

379 

(1.01%)

1951 

(5.21%)

1521 

(4.06%)

1571 

(4.2%)

34,326 

(91.74%)

3092 

(8.26%)

37,418 2008

623 (1.64%) 580 (1.52%) 129 (0.34%) 1302 (3.42%) 11,559 (30.34%) 708 

(1.86%)

1938 

(5.09%)

6371 

(16.72%)

891 (2.34%) 8798 

(23.1%)

708 

(1.86%)

1508 

(3.96%)

1965 

(5.16%)

2991 

(7.85%)

33,137 

(86.99%)

4956 

(13.01%)

38,093 2010

809 (1.86%) 833 (1.91%) 552 (1.27%) 189 (0.43%) 1601 (3.68%) 11,720 (26.91%) 828 (1.9%) 2298 

(5.28%)

7743 

(17.78%)

719 (1.65%) 8534 

(19.59%)

828 (1.9%) 1828 (4.2%) 2159 

(4.96%)

3590 

(8.24%)

56 (0.13%) 37,805 

(86.8%)

5749 

(13.2%)

43,554 2012

1166 (2.6%) 852 (1.9%) 425 (0.95%) 181 (0.4%) 2098 (4.67%) 5778 (12.86%) 1047 

(2.33%)

2554 

(5.69%)

7485 

(16.66%)

572 (1.27%) 8068 

(17.96%)

578 

(1.29%)

3437 

(7.65%)

2119 

(4.72%)

3363 

(7.49%)

537 (1.2%) 39,441 

(87.8%)

5482 

(12.2%)

44,923 2013

1630 (3.48%) 963 (2.06%) 393 (0.84%) 379 (0.81%) 2163 (4.62%) 6245 (13.33%) 1614 

(3.45%)

2482 

(5.3%)

7148 

(15.26%)

654 (1.4%) 8040 

(17.17%)

95 (0.2%) 845 (1.8%) 3620 

(7.73%)

2252 

(4.81%)

3677 

(7.85%)

894 

(1.91%)

40,910 

(87.34%)

5929 

(12.66%)

46,839 2014

1403 (3.25%) 922 (2.13%) 251 (0.58%) 378 (0.87%) 767 (1.77%) 5241 (12.12%) 2917 

(6.75%)

2458 

(5.69%)

6633 

(15.34%)

503 (1.16%) 7275 

(16.83%)

493 

(1.14%)

1243 

(2.87%)

3769 

(8.72%)

2388 

(5.52%)

3183 

(7.36%)

2849 

(6.59%)

37,664 

(87.11%)

5571 

(12.89%)

43,235 2015

1582 (3.78%) 951 (2.27%) 220 (0.53%) 179 (0.43%) 722 (1.73%) 5331 (12.74%) 3990 

(9.54%)

2437 

(5.83%)

5763 

(13.78%)

423 (1.01%) 6467 

(15.46%)

989 

(2.36%)

1739 

(4.16%)

3616 

(8.64%)

2220 

(5.31%)

2431 

(5.81%)

3313 

(7.92%)

37,184 

(88.88%)

4651 

(11.12%)

41,835 2016

2194 (4.51%) 790 (1.62%) 162 (0.33%) 313 (0.64%) 870 (1.79%) 7530 (15.46%) 6426 

(13.2%)

3170 

(6.51%)

6172 

(12.67%)

335 (0.69%) 6675 

(13.71%)

2292 

(4.71%)

3042 

(6.25%)

3710 

(7.62%)

2597 

(5.33%)

2713 

(5.57%)

4499 

(9.24%)

43,389 

(89.1%)

5310 

(10.9%)

48,699 2017

2281 (4.67%) 776 (1.59%) 206 (0.42%) 482 (0.99%) 771 (1.58%) 8482 (17.38%) 7968 

(16.33%)

3105 

(6.36%)

5384 

(11.03%)

309 (0.63%) 5844 

(11.98%)

2765 

(5.67%)

3515 

(7.2%)

4187 

(8.58%)

3120 

(6.39%)

2736 

(5.61%)

5589 

(11.45%)

42,938 (88%) 5856 (12%) 48,794 2018

Abbreviations: LTP, laser trabeculoplasty; LPI, laser peripheral iridotomy; MIGS, minimal invasive glaucoma surgery (including trabecular stents, intraocular trabeculotomy  
via laser or electroablation, suprachoroidal shunts); Drainage implants, Baerveldt/Ahmed implant, including XEN; XEN, estimated value (see Methods section); Filtration surgery.  
not including XEN implant; Implants, all implantable glaucoma devices including drainage implants and MIGS implants.

Clinical Epidemiology 2021:13                                                                                                      https://doi.org/10.2147/CLEP.S310542                                                                                                                                                                                                                       

DovePress                                                                                                                         
587

Dovepress                                                                                                                                                          Luebke et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


into account that preferably MIGS could have been per-
formed in outpatient non-hospital settings which is unusual 
for cyclodestructive procedures in Germany. A possible 
explanation for this decrease from 2013 could have been 
the emerging MIGS and an adaption of these by surgeons, 
and therefore changing preferences . An important point 
could also be the different approach to the lowering of the 
IOP these modern procedures established. The procedures 
like the Trabectome, the CyPass or the iStent performed 
through clear cornea cuts offered different possibilities to 
surgeons after failed surgeries like trabeculectomy. Prior to 
this innovation, the surgical options besides transconjuncti-
val approaches were limited to cyclodestructive procedures. 
This resembles similar trends from other countries until 
2012, 2013 or 2014.9,10,12 Barbosa-Breda et al did not find 
similar numbers for Portugal.11 Especially in England, 

Scotland and Wales, higher rates for cyclodestructive proce-
dures than for trabeculectomies could be found as well.12

The decrease of trabeculotomy performed via the classi-
cal ab externo approach after 2014 might be explained with 
the introduction of MIGS as well. Sparing conjunctiva but 
still targeting the trabecular meshwork as is possible with the 
Trabectome or the iStent might have been a more attractive 
option than performing classical trabeculotomy.

Especially interesting are the developments of the classi-
cal trabeculectomy and its newer variant, the XEN implant. 
The decrease of the numbers of trabeculectomies performed 
from 2008 on intensified from 2014 on, the year after the 
XEN implant was introduced to the German market and other 
MIGS emerged. The XEN implant is supposed to be 
a surgical option for patients who usually would undergo 
trabeculectomy so this decrease can probably be explained 
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Figure 1 All glaucoma surgeries plotted over the examined time period. Filtration surgery total includes classical filtration surgery such as trabeculectomy and 
goniotrepanation without implants. Filtration implants include drainage devices such as Baerveldt and Ahmed but also XEN.
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by the implant’s introduction in 2013.29 Chang et al showed 
that surgeons preferred the XEN implant for themselves if 
they were patients.7 The numbers of performed trabeculec-
tomies decreased in France and Portugal in a similar way 
while the numbers that Kerr et al presented for Australia 
showed a decrease until 2006 and a slight increase after 
that until 2014.9–11 Summarizing, this trend towards 
a decrease is especially consistent in European countries. 
The rates of revision surgery after filtration procedures or 
implant surgery increased slightly especially in the recent 
years (2017 and 2018). It has been shown that XEN implan-
tation goes along with a higher rate of bleb needling or 
revision surgery and this increase is probably explained by 
increased usage of these implants.30,31

Another potential factor that might affect the numbers 
and rates of procedures performed is the role that advertising 

has for newer procedures compared to older ones. Latest 
procedures are well advertised and recommended within the 
group of ophthalmologists and ophthalmic surgeons but 
might lose their place in the spotlight to newer procedures 
after a while and therefore be performed less often.

Last but not least, the cost of procedures or devices 
themselves might affect changing trends for different 
types of surgeries. Interestingly, usage of MIGS (that 
usually are more expensive) rose and classical surgical 
procedures like trabeculectomy (that is way less expen-
sive) declined in usage numbers during our analyzed 
time period. This might on the other hand be a strength 
of the German health care system that offers surgeons 
the choice between different procedures without too 
much financial pressure on the individual decision. 
Besides the financial influence, there might be 
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Figure 2 Filtration surgery total (including trabeculectomy and goniotrepanation but not including XEN or drainage implants) compared to XEN and revisional surgery after 
filtration surgery.
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a changing trend for surgical glaucoma procedures 
depending on the need and intensity of follow-up exam-
inations. This could, for example, explain why trabecu-
lectomy might have become less popular compared to 
modern procedures that are less demanding in follow-up 
workups.

Especially, the years 2020 and 2021 might see 
another change in treatment rates of different types of 
glaucoma surgeries due to the pandemic situation. It 
might be possible that total treatment numbers decline 
and that there could be a trend towards surgical proce-
dures that do not need extensive follow-up examinations 
to not have too many appointments at hospitals and not 
put the patients at risk for getting infected. This topic 
might be very interesting to be addressed in the upcom-
ing years.

Conclusion
Our data show that glaucoma procedures performed in 
German hospitals increased a lot in the time period from 
2006 to 2018. Especially from 2013 on, the so-called 
MIGS and newer drainage devices such as the XEN 
implant were used a lot while classical procedures like 
trabeculotomy via an external approach, cyclodestructive 
procedures and trabeculectomy decreased in numbers.

The assumed trend towards a minimal invasive glaucoma 
surgery can therefore be confirmed for German hospitals.

Limitations of This Study
Although reflecting a huge part of the German health 
system, hospitals are not the only facilities where glau-
coma procedures are performed. Private practitioners 
perform surgeries on an outpatient basis and especially 

Figure 3 XEN compared to different types of MIGS and MIGS in total.

https://doi.org/10.2147/CLEP.S310542                                                                                                                                                                                                                                 

DovePress                                                                                                                                                                    

Clinical Epidemiology 2021:13 590

Luebke et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


laser procedures and MIGS might be preferred in these 
settings. In Germany, classical surgeries are usually per-
formed on an inpatient basis so the conclusion that there 
is a trend towards modern ways of glaucoma surgery 
might even be underestimated. We cannot give informa-
tion on the proportion of surgeries performed outside of 
hospitals. Usually, mostly standard cataract surgeries are 
performed on an outpatient basis. The German healthcare 
system and its way of paying ophthalmologists for surgi-
cal procedures favors inpatient procedures especially for 
more complicated surgeries that have a somewhat higher 
risk for complications. This is one of the reasons why 
especially the classical glaucoma procedures such as 
trabeculectomy are mostly performed on an inpatient 
basis. We therefore think that especially this portion of 
our data are representative. But our data might under-
estimate the trend towards modern procedures since 
especially MIGS might be performed in combination 
with cataract surgery on an outpatient basis and therefore 
would not have been accounted for in our data. Another 
limitation is that the data we provide are based on the 
partly insufficient code system for defining the performed 
surgery and their change during the examined period. 
Especially, the numbers for XEN implants are estimates 
based on an assumed steady state for the use of drainage 
implants. Especially, newer procedures are not ade-
quately reflected in the code system and have to be 
“fitted” into the existing codes.
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