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Introduction

INTRODUCTION 1

*ODXFRPD LV DQ RSWLF QHXURSDWK\ OHDGLQJ WR LUUHYHUVLE
loss, when untreated. The World Health Association statistics published in their recent report

on global causes of blindness that glaucoma is the world leading cause of irreversible blindness.

In 2015, 2.9 million people were blind due to glaucoma worldwide. [1] It is estimated that by

2040 the number of glaucoma patients will increase to 111.8 million people. [2]

History
The known history of glaucoma dates back to the early period from 400 BC to approximately
1600 AD. Originally, glaucoma could not be differentiated from cataract. Both diseases were
assumed to be located in the lens which was believed to be the essential organ of vision (Figure

,Q WKDW SHULRG WKH WHUP JODXFRPD ZDV DSSOLHG WR
abnormalities in the papillary area and was used to refer to a general group of blinding ocular
GLVHDVHV > @ 7KH VXUJLFDO WUHDWPHQW RI FDWDUDFW ZDV
2) was performed; the surgeon would use a blunt needle and push the white lens backwards and
downwards. [4] However, the failure of cataract operations to restore vision and the elevation
of intraocular pressure as a distinct sign of ocular disease became gradually clear in the period
from 1600 to 1854.

Figure 1
The anatomy of the eye after Celstisg@ntury Greek philosopher), showing the lens in the centre of the eye [5]



Chapter 1

Figure 2
Couching [3]

In 1826-1830, the German ophthalmologist Weller and the British ophthalmologist Guthrie

recognised hardness of the eye to belong to glaucoma, and the British ophthalmologist Lawrence

IRU WKH UVW WLPH LQWURGXFHG WKH WHUP DFXWH JODXFRP
affecting the vitreous and choroid”) and described a chronic form of the same condition [3].

Albrecht Von Graefe (1828-1870) was a pioneer of German ophthalmology. He obsed a

prominence of the papilla in glaucoma and described the glaucomatous disc in detail, including

the pulsation of the retinal arteries in glaucomatous eyes. This phenomenon became a reliable

clinically useful indicator of elevated intraocular pressure (I0OP). With the aid of the then recently

introduced ophthalmoscope, von Graefe divided glaucoma into three categories in 1857: acute,

chronic and secondary glaucoma.

7KH 'XWFK RSKWKDOPRORJLVW "'RQGHUV QDOO\ UHFRJQL"
GLVHDVH ZLWK LQFUHDVHG RFXODU SUHVVXUH FRXOG RFFXU ZI
KH VXJJHVWHG WKH QDPH é*ODXFRPD VLPSOH[é& +H DWWULEXWH
LH HOHYDWHG RFXODU SUHVVXUH WR K\SHUVHFUHWLRQ RI LQW
QHUYHV > @ ,Q WKH V WKH $XVWULDQ RSKWKDOPRORJLVW 6F
WKH QHUYH EUH EUHDNGRZQ ZLWK WKH IRUPDWLRQ RI FDYLWLH\
process in the optic nerve.
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&XUUHQW FODVVL FDWLRQ

1RZDGD\V WKH FODVVL FDWLRQ RI JODXFRPD LV GH QHG]'DV
ocular or systemic disease) or secondary glaucoma, associated with ocular or systemic diseases.
&ODVVL FDWLRQ RI JODXFRPD LQWR VXEW\SHV LV PDLQO\ EDVI
glaucoma and angle closure glaucoma are the most common forms of glaucoma subtypes. [7, 8]

Currently, there is still no known causative treatment to cure glaucoma and restore lost vision.
The goal of glaucoma treatment is to maintain the patient’s visual function and related quality
of life. [9] Raised IOP is an important risk factor. Lowering IOP is the only known treatment to
stop progression of the disease.

Medical treatment
Initially, most forms of open angle glaucoma are treated with topical agents. The European
glaucoma society recommends to start with medical treatment or laser trabeculoplasty. [9]

History

OHGLFDO WUHDWPHQW UVW FDPH DYDLODEOH LQ WKH VHF
LOQWURGXFWLRQ Rl SLORFDUSLQH DQG SK\\RRYV WK P@K NH@
1870. Additionally, sympathetic agonists (e.g. epinephrine and later dipivefrine) could be used

from 1903. Carbonic anhydrase inhibitors (CAls, initially oral acetazolamide) became available

in 1954. Acetazolamide is a potent IOP lowering drug but is also known for its systemic side

effects. A combination of guanethidine/adrenaline (Suprexon®) became available from 1981

on, but this drug often caused severe redness of the conjunctiva and allergic reactions, making

it less popular. After the development of new drugs in the nineties of the past century, it was
withdrawn from the market in the Netherlands.

Current medical treatment
The introduction of -blockers in 1976 revolutionised the treatment of glaucoma. [10] Topical
CAls and prostaglandins followed in the nineties. Together with newadrenergic agonists,
these medications now are the main groups of anti-glaucoma drugs for current treatment.
Pilocarpine is still in use for treatment of angle closure glaucoma. Currently used drugs act
either through reduction of aqueous humour production ¢blockers, CAls) or by enhancement
RI DTXHRXV Ru&demiZ agonists, miotics, prostaglandins) or both. [11] The highest
topical reduction in IOP is obtained with prostaglandins, followed by non-selectivblockers,
-adrenergic agonists, selective -blockers and lastly carbonic anhydrase inhibitors. [12]
Combination of two agents in one bottle, most often ablocker with another drug, are more
and more available to further improve medical treatment. The use of oral Acetazolamide (a CAl)
results in even more IOP reduction.
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Laser treatment

Laser treatment is a suitable option in patients with intolerance or allergy to topical agents

RU SRRU FRPSOLDQFH ,W FDQ DOVR EH XVHG DV D UVW OLQH R
WUHDWPHQW ZLWK WRSLFDO PHGLFDWLRQ LV LQVXI FLHQW 6H
glaucoma. Laser treatment of the trabecular meshwork (trabeculoplasty, LTP) is indicated for

RSHQ DQJOH JODXFRPD :KHQ VXFFHVVIXO LW FDQ LQGXFH D V
can be applied using the argon laser (ALT), which was introduced by Wise and Witter in 1979,

or the newer selective laser (SLT), introduced by Latina and Park, in 1995. [14] In terms of the

IOP lowering effect, SLT may be similar to ALT. [15]

Laser peripheral iridotomy (LPI) is mainly used for patients with angle closure glaucoma and is
performed to treat or prevent an acute angle closure attack. [16]

The decision to opt for incisional glaucoma surgery depends on multiple factors, nevertheless
glaucoma surgery should be considered whenever medical or laser treatment alone would
appear unlikely to preserve sight in the glaucomatous eye. [9]

Incisional glaucoma surgery
History
The surgical treatment of glaucoma dates back to 1830 when William Mackenzie recommended
a sclerotomy to release vitreous and relieve the pressure on the retina. [6] George Critchett
UVW LOWURGXFHG WKH LGHD RI GUDLQDJH E\ DQ éLULV LQFOXV
made at the limbus for a paracentesis [3]. In 1857, von Graefe introduced the iridectomy which
remained the surgical treatment for (mainly acute) glaucoma until the further development of
OWHULQJ RSHUDWLRQV LQ 7KH SULQFLSOH RI REWDLQLQJ GU
LQFOXVLRQ WR PDLQWDLQ RZ RI DTXHRXV KXPRXU RXW RI WKH
DSSOLHG E\ )«OL[ /DJUDQJH +H ZDV WKH UVW WR SHUIRUP DQ L
remained incarcerated in the lips of the scleral wound (iridencleisis procedure, Figure 3).

Later a similar type of drainage scar by cauterizing the sclera was developed by Luigi Preziosi
LQ DQG +DUROG 6FKHLH LQ $QRWKHU SURFHGXUH ZDV WK
attempted by Leopold Heine in 1905.

In 1909, Freeland and Elliot independently introduced the trephining surgery for Lagrange’s
VFLVVRUV )LJXUH > @ ,Q WKLV RSHUDWLRQ D ODUJH DS RI
PDGH GRZQ WR WKH OLPEXV ZLWK GLVVHFWLQJ WKH VXSHU FL
trephine hole was cut at the cornea-scleral margin, followed by a peripheral iridectomy.

12



Introduction

Figure 3

Iridencleisis [3]

$Q ,WDOLDQ VXUJHRQ GH 9LQFHQWLLY UVW FRQFHLYHG WKF
the technique of trabeculotomy, in 1893. This method was further perfected by the American
ophthalmologist Otto Barkan in 1936, who also introduced the technique of goniotomy, a
technique by which the canal can be cut open from within [3]. This method is still in use today

for the treatment of congenital glaucoma.

&XUUHQW JODXFRPD OWUDWLRQ VXUJHU\

,W ZDVQeW XQWLO WKDW &DLUQV LQWURGXFHG WKH WUDE
which proved to stop glaucoma progression and lower the IOP for a longer period of time with

fewer post-operative complications. [17, 18] Trabeculectomy became (and still is) the gold

standard procedure worldwide.

In this procedure, a block of tissue anterior to or including a part of the trabecular meshwork

LV UHPRYHG DIWHU ZKLFK DQ LULGHFWRP\ LI SHUIRUPHG X(
RXW RZ RI DTXHRXV KXPRXU IURP WKH DQWHULRU FKDPEHU LQ
D OWHULQJ EOHE +RZHYHU LQLWLDOO\ VXFFHVV ZDV RIWHQ (
VFDUULQJ $IWHU WKH SURFHGXUH DOPRVW Rl OWHULQJ E

In 1987, Kitazawa reported that subconjunctival injection of 5-Fluorouracil (5-FU) appeared

to improve the outcome on IOP followingrabeculectomy in patients which had poor surgical
SURJQRVLV GXH WR LQFUHDVHG ULVN RI EOHE EURVLV DQG V
that the use of mitomycin C (MMC) especially enhanced bleb survival. [21] In early studies, the
outcome on IOP and complication rate were similar for MMC and 5-FU, with MMC showing less

corneal complications compared to 5-FU. [22] However, in the following years MMC showed to

EH VXSHULRU LQ REWDLQLQJ FRPSOHWH DQG TXDOL HG VXUJL
complications compared to 5-FU. [23, 24]

13
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Figure 4a
Trephining surgery

Figure 4b
Filtering bleb [3]

Glaucoma tube implants

A glaucoma tube implant is required when maximum medical or laser therapy is unable to reduce

,23 DQG D WUDEHFXOHFWRP\ SURFHGXUH LV XQOLNHO\ WR VXFFH
FROQMXQFWLYDO VFDUULQJ DQG RU LQ DPPDWLRQ > @ 1RZDGD\V
procedure. Formerly, glaucoma tube surgery was mainly used in end stage glaucomatous eyes

or in eyes with poor prognosis. [26, 27]
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The pioneer of modern tube implants was Anthony Molteno who introduced the Molteno tube

implant in the anterior chamber in 1969. The implant consisted of a translimbal tube which

was attached to a thin circular acrylate plate of 8mm in diameter. The plate was sutured to

WKH VFOHUD DQG FRYHUHG E\ THQRQéV DQG FRQMXQFWLYD
followed in the following years. Aqueous shunts share a common design consisting of a silicone
WXEH WKDW LV LQVHUWHG LQWR WKH DQWHULRU RU SRVWHUL
aqueous humour to an episcleral plate that is located in the equatorial region of the globe,

typically centered between (or under) two adjacent rectus muscles. Fibrous encapsulation of the
equatorial plate produces a reservoir into which aqueous humor pools. The major resistance to
DTXHRXV RXW RZ WKURXJK WKHVH GHYLFHV RFFXUV DFURVV W|
plate. [29-31]

Currently, glaucoma drainage devices are available in different sizes, materials and design, and with

or without an IOP regulating valve. The nonvalved devices include the Molteno, Baerveldt, Shocket,

DQG (DJOH 9LVLRQ LPSODQWYV 8QOLNH WKH QRQYDOYHG GHYLFH)
RQO\ XQLGLUHFWLRQDO RZ IURP WKH DQWHULRU FKDPEHU WR W
opening pressure. The most commonly used valved device is the Ahmed glaucoma implant, the most
FRPPRQO\ XVHG QRQYDOYHG GHYLFH LV WKH %DHUYHOGW JODXF

Figure 5

Baerveldt glaucoma implant
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The Ahmed glaucoma valve allows an immediate IOP reduction. Due to the valved tube, there is a

minimal risk on hypotony. These valved tubes are designed to open with an IOP of 10-12 mmHg

DQG WR FORVH ZLWK DQ ,23 RI PP+J ZLWK DQ DYHUDJH RZ RI
post-operative hypotony. [25]

7KH QRQ YDOYHG WXEHV UHO\ SULPDULO\ RQ EURXV FDSVXOH IRU|
8QWLO WKH FDSVXOH IRUPV GXULQJ WKH UVW SRVWRSHUDWLYH
K\SRWRQ\ 7KHUHIRUH D WHPSRUDU\ OLJDWXUH RU VWHQW LV XWL
can form. The delay in initial IOP reduction is a disadvantage of the non-valved tube shunts like

the Baerveldt, but long-term IOP control has been shown to be superior to valved devices. [25]

Multiple Baerveldt glaucoma implant types are available in different barium-impregnated
silicone plate diameters and silicone tube diameters. The paediatric implant has a surface
area of 250 mmz2 and a plate length of 22mm. The adult implant has a wider filtering surface
of 350 mm? and a plate length of 32mm.

A BGI with a surface area of 500 mm2 was also introduced, however due to a higher failure
rate and a lower ability to maintain lower IOP for a longer period of time without the
assistance of medication the 500 mm? is no longer in use. The theory was that the larger
plates may increase higher fibrosis rate compared to the lower surface area Baerveldt
implants. [32]

Adverse events

Although glaucoma tube surgery is currently gaining popularity as a primary procedure
worldwide, it may still have serious and feared post-operative surgical complications,
especially corneal complications. Severe corneal endothelial cell loss may lead to corneal
oedema or decompensation. Persistent diplopia or tube exposure may also occur. Other
complications (suprachoroidal haemorrhage, retinal detachment, cataract, hypotony
and endophthalmitis) are probably similar to trabeculectomy. In a recent study, primary
trabeculectomy + MMC surgery was compared to the Baerveldt glaucoma implant. In the
first year of follow-up, the IOP was lower with the use of fewer glaucoma medications in
the trabeculectomy group compared to the Baerveldt implant group; however the rate of
serious complications was higher in the trabeculectomy group. [33]

In the Netherlands, the Baerveldt glaucoma implant has become the most popular tube
implant. In several clinics, it also has become the most popular glaucoma filtering surgery,
at the cost of trabeculectomy. However the Dutch study of Islamaj et al. shows us that

the IOP and the failure rate were similar after Baerveldt glaucoma implants compared to

trabeculectomy. [34]Further study is warranted to support this treatment paradigm shift.

16
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Future perspectives

Currently new long tube implant designs are on the way. For instance the PAUL implant with
a thinner silicone tube. However Minimally invasive glaucoma surgery (MIGS) is much more
popular in the last decade. These devices are associated with a relatively high safety profile,
shorter surgery time and a faster postoperative recovery. [35, 36] MIGS are designed to
treat less severe glaucoma by enhancing physiological aqueous outflow with an approach
that causes minimal tissue disruption. Three main approaches are performed. The first
method is bypassing the trabecular meshwork (e.g. iStent, Hydrus microstent), the second
is by increasing the uveoscleral outflow via suprachoroidal pathways, these approaches are
not very successful. The last approach is by creating a subconjunctival drainage pathway (eg
XEN gel stent, InnFocus). [37] These latest devices seem to have an IOP reduction which
comes closest to the IOP reduction after conventional trabeculectomy surgery. There is still
limited available evidence on the clinical and cost effectiveness of MIGS. [37]

7KH DLP RI WKH UHVHDUFK LQ WKLY SUHVHQW WKHVLV ZDV WR
Baerveldt glaucoma implant, especially on the long term. Firstly, we evaluated reproducibility

of methods to visualize the Baerveldt glaucoma implant in the anterior chamber to study its
position with regard to long term success and possible corneal complications (Chapter 2). We

then evaluated the movement of the BGI tube in the anterior chamber (Chapter 3) and the

relation of the tube-corneal distance on the progression of endothelial cell loss (Chapter 4).

The success in terms of IOP and preventing blindness of the Baerveldt glaucoma implant in
secondary glaucoma (uveitic glaucoma and due to iris melanoma) is described in respectively
Chapter 7 and Chapter 6. Finally, the long-term results of the Baerveldt glaucoma implant in
general are presented in Chapter 5.
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Chapter 2

ABSTRACT

Purpose
To study the reproducibility and variability of iridocorneal angle (ICA) measurements by using
anterior segment optical coherence tomography (AS-OCT) by expert and nonexpert observers.

Methods

Twenty-three healthy volunteers (nonexperts with a basic knowledge of ophthalmology)
DFTXLUHG YH FRQVHFXWLYH $6 2&7 LPDJHV LQ WKH HQKDQFHG I

180° to 0° meridian of the right eyes of their peers. Two experts and the 23 nonexperts analyzed

the images. The ICA software tool was used to determine the angle opening distance (AOD)

DQG WKH WUDEHFXODU LULYVY VXUIDFH DUHD 7,6% DW DQG
WWHG WR HYDOXDWH WKH YDULDELOLW\ RI DFTXLULQJ DQ LPDJ}

inter- and intraobserver variability of analyzing an AS-OCT image was determined with the

FRHI FLHQW RI YDULDWLRQ &9 BHSURGXFLELOLW\ ZDV TXDOL
FRHI FLHQW ,&&

Results

7KHUH ZDV QR VWDWLVWLFDOO\ VLJQL FDQWDQLLRADUHQ FHK H @ DAIIHH
of intraobserver variability in image analysis was from 9.4% to 12.5% in the experts and from

4.2% to 17.4% in the nonexperts. Interobserver variability was 10.7% in the experts and 10.2%

in the nonexperts. The reproducibility was high, 0.875 and 0.942 in the experts and 0.906 in

the nonexperts.

Conclusions

The overall reproducibility of the ICA measurements with the AS-OCT is good in open angles.
Inter- and intraobserver variability showed similar mean values of reproducibility between the
experts and nonexperts. The wide range of intraobserver variation in the nonexperts suggests
that this group should undergo extensive instruction before routinely analyzing AS-OCT images.
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Reproducibility of anterior chamber angle measurements

INTRODUCTION

Although the current gold standard to assess the iridocorneal angle (ICA) is gonioscopy, this
procedure is relatively invasive for the patient and the result relies on the physician’s subjective 2
assessment and experience. [1]

Recently, anterior segment optical coherence tomography (AS-OCT) has come into use for the
assessment of the ICA in a more objective way.

AS-OCT enables in vivo measurement and objective assessment of the anterior eye segment
through a noncontact technique. [2-5] The AS-OCT is becoming a promising technology for
assessing the ICA and has the advantage of enabling scanning through an opaque cornea or
examining painful eyes. [1,6,7] The built-in software of the AS-OCT system (Visante; Carl Zeiss
Meditec, Inc. Dublin, CA) offers measurable parameters but also requires time-saming

and subjective user input, which may compromise measurement reproducibility. [9] A reliable
measurement of the ICA and its subsequent clinical evaluation may eventually facilitate the
choice of an appropriate treatment. ICA parameters, such as the angle-opening distance (AOD)
and the trabecular iris surface area (TISA), are used to quantify the ICA and are measured
ZLWK UHIHUHQFH WR WKH ORFDWLRQ RI WKH VFOHUDO VSXU
the reference point for the relative position of the trabecular meshwork and is therefore vital

for the diagnosis of angle closure, it represents an important anatomic landmark. However,
the location of the scleral spur has to be determined by hand, and this necessity introduces an
important human factor in the analysis of an AS-OCT image, possibly generating nonnegligible
intra- and interobserver variance. Studies investigating the visibility of the scleral spur with
AS-OCT showed a visualization between 70% and 78.9%. [6,9] Other studies have evaluated
the reproducibility of the AOD and TISA with self-designed software and report reliable
PHDVXUHPHQWY ZLWK LQFUHDVLQJ YDULDELOLW\ ZKHQ PRUH
spur. [5,8,10,11] The purpose of the present study was to investigate the variability due to
repeated AS-OCT image acquisitions from a single subject by a single operator, together with
studying inter- and intraobserver reproducibility of generating ICA data with thetandard
software offered by Carl Zeiss Meditec, Inc. to determine the feasibility of using ICA assessment
in daily practice.
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METHODS

The study was conducted in accordance with the World Medical Association Declaration
of Helsinki. Twenty-three healthy volunteers were recruited from the University Eye Clinic
Maastricht and gave their informed consent. The volunteers, indicated as nonexpewgre
medical students with only basic knowledge of ophthalmology. These nonexperts were given
detailed instructions (including an instruction manual as well as an oral instruction) by an expert
on how to acquire and analyze an AS-OCT image using a protocol that was especially designed
for this study (citation protocol in Supplementary Materials, http://www.iovs.org/lookup/suppl/
doi:10.1167/iovs.10-5872/-/ DCSupplemental).

Since the location of the scleral spur was of crucial importance for this study, it was highlighted

LQ RXU SURWRFRO E\ XVLQJ FODULI\LQJ LOOXVWUDWLRQV JXU
OLPLW KXPDQ LQ XHQFH RQ WKH LPDJH DQDO\VLVY WR WKH FKRL
on the scleral spur. Although small manual adjustments after placing the ICA tool are possible,

VXFK DGMXVWPHQWY ZHUH QRW DOORZHG LQ RXU SURWRFRO I
placement of the marks of the ICA tool, the ICA tool was deleted, and the software was restarted

XQWLO WKH REVHUYHU ZDV VDWLV HG ZLWK WKH UHVXOW $00 V>
images of the right eye taken by one of their fellow nonexpert observers.

7KH YH LPDJHV ZHUH DOO DFTXLUHG LQ WKH HQKDQFHG DQWHU
180° to 0° meridian (from temporal to nasal), and under the same light conditions (>200 lux).

The EASS automatically averages four frames per image, to minimize the noise— contrast ratio.

$00 VXEMHFWY KDG DQ XQGLODWHG SXSLO DQG ZHKHMH DVNHG V
images were analyzed with the AS-OCT software (ver. 2.0.1.88; Visante, Carl Zeiss Meditec,

Inc.). The software included an ICA module. Once an image was acquired, the ICA tool had to

be manually placed on the scleral spur, after which the software automatically generated the

$2' DQG WKH 7,6$ DW wP DQG wP JXUH & $00 GDWD ZHUI
software package (SPSS ver. 16.0; SPSS Inc., Chicago, IL).

Variability Due to Repeated AS-OCT Image Acquisitions by a SingleOperator

For the assessment of variability due to repeated AS-OCT image acquisitions, the 23 nonexperts

HDFK DFTXLUHG YH LPDJHV RI WKH ULJKW H\H RI RQH RI WKHLU It
DQDO\]HG DOO [ DFTXLUHG LPDJHV LQ UDQGRP RUGHU $ 1
to account for possible correlation introduced in the data due to repeated image acquisitions

within one subject. The subjects (23 in total) were considered a random effect, whereas the

H[SHUW REVHUYHUV Q DQG WKH UHSHDWHG LPDJH DFTXLVLW
factors.
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Figure 1

(A) Location of the scleral spur in an AS-OCT image. (B) Crosssection through angle structures illustrating the
scleral spur position. Reproduced from Su DH, Friedman DS, See JL, et al. Degree of angle closure and extent
of peripheral anterior synechiae: an anterior segment OCT study. Br J Ophthalmol. 2008;92:103-107, with
permission from BMJ Publishing Group Ltd. (C) The ICA tool is shown with the green dot which had to be placed
manually on the scleral spur by the operator. After this, the software generated the AOD500, AOD750, TISA500,
and TISA750.

Variability and Reproducibility of Analyzing an AS-OCT Image

The images were randomly analyzed, with a time interval of 2 minutes between each image.

7R UHGXFH WKH LQ XHQFH RI REVHUYHU PHPRU\ ZLWK UHJDUG
position, the program was shut down during the interval, after which the adjustments were newly

set up and the images were randomly offered again. All (expert as well as nonexpert) observers
assessed the nasal and temporal angles according to the protocol. Statistical analyses of the

ICA data were subsequently performed for the separate groups of experts and nonexperts, to

check for differences in reliability.

Expert Analysis

$ UDQGRP LQWHUFHSW PRGHO ZDV DOVR XVHG WR GHWHUPLQF}
sources of variation in the ICA analysis. The subjects (n = 23) were a random effect, whereas the
H[SHUW REVHUYHUV Q DQG WKH UHSHDWHG LPDJH DFTXLYV
,Q DGGLWLRQ WKH ,&%$ GDWD RI WKH YH UHSHDWHG LPDJH DF
averaged for each expert. The standard deviation (SD) per subject was calculated and also
DYHUDJHG IRU WKH VXEMHFWY LQ WRWDO 7KH FRHI FLHQW
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the SD by the mean. The mean CV was calculated afterward for both the experts, apart and
WRJHWKHU 7KHVH FDOFXODWLRQV ZHUH PDGH IRU DOO SDUDPH
(ICCs) were used as measures of intra- and interobserver reliability. ICCs, based on the available

data of the repeated image acquisitions, were computed for each single observer as a measure

of intraobserver reproducibility. For the computation of interobserver ICC, the ICA data was
DYHUDJHG RYHU WKH YH UHSHDWHG LPDJH DFTXLVLWLRQV )LGQ
facilitate visual interpretation of the interobserver agreement between the two experts.

Nonexpert versus Expert Analysis

JURP WKH YH LPDJHV WKDW ZHUH DFTXLUHG IURP HDFK RI WKH
chosen per subject. This procedure was repeated four times, to provide a reasonably random
VDPSOH 7KHUHDIWHU DOO QRQH[SHUW REVHUYHUV DQDO\]H
These images were used to study the inter- and intraobserver reproducibility of the ICA

analysis performed by the nonexpert observers. The CV was calculated for each observer

(n = 23) separately and for the whole group of nonexperts together. The ICCs of the image
measurement replications were computed for each of the 23 nonexpert obserseFor the

comparison between experts and nonexperts, the experts analyzed the same images.
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RESULTS

The sample consisted of 23 nonexpert subjects, of whom 9 were men and 14 were women with a

mean age of 22.96 + 1.89 years. None of them was known to have ocular disease. All images + were 2
assessed by the same 23 nonexperts and by 2 experts (1 man, 1 woman). In all AS-OCT images the
VFOHUDO VSXU ZDV LGHQWL DEOH VR WKDW WKHUH ZDV QR QHH(
scleral spur.

Variability Due to Repeated AS-OCT Image Acquisitions by a Single Operator

In the random intercept model that was used to assess the variability due to repeated AS-OCT image
DFTXLVLWLRQV WKH LPDJHV Q IRU HDFK RI WKH VXEMHFWYV
each other for all outcome parameters. This result shows that repeated acquisitions of the AS-OCT
LPDJHV ZHUH QRW D VLJQL FDQW VRXUFH RI YDULDELOLW\ LQ WK

Variability and Reproducibility of Analyzing an AS-OCT

ImageExpert Analysis

In analyzing the ICA assessments made by the experts, the same random intercept model was used.

The mean values of each of the four outcome parameters, as estimated by the random intercept

model are shown in table 1. For parsimonious reasons, only the P-values for estimated differences

LQ WKH PHDQV DUH GLVSOD\HG $ VWDWLVWLFDOO\ VLJQL FDQW G
LQ WZR RI WKH RXWFRPH SDUDPHWHUV 7 RB® WKHA,88HUJH RILWK JO M
(AOD 500).

Table 1. Outcome Parameters as Estimated by the Random Intercept Model

Expert 1 Expert 2 P value for the difference in means
AOD 500, mm 0.472 + 0.036 0.486 + 0.036 0.055
AOD 750, mm 0.680 + 0.046 0.689 + 0.046 0.362
TISA 500, mm? 0.163 £ 0.014 0.173 £ 0.014 0.0005
TISA 750, mm? 0.309 + 0.024 0.321 £ 0.024 0.0095

Data are the mean + SE for each expert.

Figure 2 shows the Bland-Altman plots for the four outcome parameters AOD 500, AOD 750, TISA

DQG 7,6% 7KHUH ZDV D VOLJKWO\ VLJQL FDQW GLIIHUHQFH
which represents the difference between the two experts. The differences for the other outcome
SDUDPHWHUVY ZHUH VLJQL FDQW PP 3 PP 3 D (
IRU $2' 7,6% DQG 7,69% UHVSHFWLYHO\ 6LQFH WKHUH Z
between the nasal and temporal CVs, the CVs were averaged for both sides. The mean CV for the
two experts was 10.4% + 5.7% for the AOD 500, 9.4% + 4.5% for the AOD 750, 12.5% + 7.0% for
WKH 7,6% DQG S IRU WKH 7,6% 7TKHUH ZHUH QR VWDW
between the two experts.
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Figure 2Bland-Altman plot of the four parameters, showing a high agreement between the two experts.
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Intraobserver ICCs for expert 1 were 0.881, 0.844, 0.889, and 0.887 for AOD 500, AOD

750, TISA 500, and TISA 750, respectively. For expert 2, the intraobserver ICCs were 0.935,
0.909, 0.987, and 0.936 for these parameters. Given their high values (mean ICC 0.875 %
0.021 in expert 1 and 0.942 + 0.033 in expert 2), as well as the fact that the replications 2
did not differ significantly in the modeling approach, one ICA reading per each subject

was obtained after averaging over the five repeated measurements. Thereafter, the
interobserver ICC was computed: 0.988 for AOD 500 and AOD 750, 0.978 for TISA 500,

and 0.987 for TISA 750.

Nonexpert versus expert analysis

7KHUH ZHUH QR VWDWLVWLFDOO\ VLIJQL FDQW GLIIHUHQFHV
therefore, the CVs were averaged. The mean CV for the nonexperts was 9.8% + 5.6% for AOD

500, 9.6% * 4.8% for AOD 750, 11.5% * 5.9% for TISA 500, and 9.9% + 4.9% for TISA 750.
Intraobserver ICCs ranged from 0.549 to 0.965, with a mean of 0.902 + 0.09 for AOD 500,

and from 0.572 to 0.972, with a mean of 0.897 + 0.08 for AOD 750. The TISA 500 ICC ranged

from 0.670 to 0.963, with a mean of 0.909 + 0.08, and the TISA 750 from 0.635 to 0.973, with

a mean of 0.913 * 0.07. The box plot, shown in Figure 3 illustrates the intraobserver ICC of

WKH QRQH[SHUWYV IRU DQDO\VLV RI WKH IRXU SDUDPHWHUV
differences between the experts and nonexperts in intraobserver interobserver CV (P =

0.09 to P = 0.3). Table 2 shows the absolute means of all nasal and temporal parameters for

WKH H[SHUWV DQG QRQH[SHUWYV 7KHUH ZHUH QR VWDWLVWL
absolute means of the nasal and temporal parameters for the experts (P = 0.5 to P = 0.8) or the
nonexperts (P = 0.4 to P = 0.8).

Table 2. Absolute Means of All Parameters
AOD 500 (mm) AOD 750 (mm)  TISA500 (mm?)  TISA 750 (mm?)

Experts

Nasal (n=40) 0.479 0.684 0.168 0.315
Temporal (n=40) 0.497 0.682 0.174 0.320
Nonexperts

Nasal (n=460) 0.465 0.635 0.166 0.306
Temporal (n=460) 0.422 0.583 0.143 0.270
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Figure 3% R[ SORW VKRZLQJ WKH LQWUDREVHUYHU ,&&V EDYRQHQHYW LPDJH
analysis.
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DISCUSSION

Apart from a slight statistically significant intracbserver reproducibility difference for TISA

500 and the TISA 750, no significant difference in the variability of acquiring AS-OCT images 2
made by the experts was found in our study. In a previous study, it was stated that when
AS-OCT image acquisitions are performed by less-experienced operators, the percentage

of nongradable images could be higher. The varying levels of observer experience would
thus affect the performance of AS-OCT as a screening tool. [12]

Another study stated that the Visante OCT (Carl Zeiss Meditec, Inc.) can be operated
by a technician with minimal expertise. [2] The latter findings correspond to our study.
However, the fact that the nonexperts (medical students) received a solid instruction on
how to analyze the image may have influenced our results.

The analyses of the ICA assessments showed a mean CV of 10.2% among the nonexperts

in our reproducibility study. These results were similar to those of the expert analysis,

which showed a mean CV of 10.7%. However, the range was larger in the nonexpert group.
Radhakrishnan etal. [I3]LQGLFDWHG DQ $2°' FXWRII RI wP IRU G|
angles. The 10% variation that we found in the analysis of our reproducibility study of the

ICA will probably be acceptable in most cases in daily practice.

Previous studies have reported low intra- and interobserver variability in ICA measurements
acquired by using AS-OCT, lending supporting evidence to their reliability. [2,3,5,8,10,14]
However, in two of these studies the anterior chamber angle and the opening width
were used, but both these parameters are unsuitable for irregular iris profiles. [2,3,5]
Other studies have evaluated the reproducibility of the ICA with self-designed software.
[5,10,11,15,16]

In previous studies, the anterior chamber was imaged with the anterior segment single
protocol, whereas the enhanced mode (EASS) was used in the present study. [5-7,11,15,17]
The EASS mode combines four anterior segment single scans and produces a better
visualization of the scleral spur, making a more precise localization of the scleral spur by
the observer possible. In our study, the scleral spur was visible in all images, in both the
nasal and temporal angles. The use of the EASS mode probably contributed to the good
results of the nonexperts.

We are also aware of limitations in the present reproducibility study. The images were taken
in only one meridian (temporal to nasal), other meridians (i.e., inferior/superior were not
investigated). Recent literature states that the temporal angle is the largest and the inferior
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angle the smallest. [14Dur data suggest that there is no difference in the absolute values
of the nasal and the temporal angles. However, the purpose of our study was not to compare
different angles but to investigate the reproducibility of ICA parameters within one angle.

Another limitation of our study is that we included only young, healthy volunteers without ocular
disease (i.e., narrow angle glaucoma). The analysis of ICA parameters of narrow-angle glaucoma
patients may be less reliable due to a poorer visibility of the scleral spur.

Overall, the present results have shown that ICA measurements with the built-in Visante OCT
software are useful for clinical practice. A standardized protocol for the analysis of AS-OCT
images including a solid instruction for nonexperts should be helpful to further safeguard high
reproducibility.

32



Reproducibility of anterior chamber angle measurements

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

Friedman DS, He M. Anterior chamber angle assessment techniques. Surv Ophthalmol. 2008;53:250
—273.

Dawczynski J, Koenigsdoerffer E, Augsten R, Strobel J. Anterior optical coherence tomograplgn-a n
contact technique for anterior chamber evaluation. Graefes Arch Clin Exp Ophthalmol. 2007;245:423—
425.

Muller M, Dahmen G, Porksen E, et al. Anterior chamber angle measurement with optical coherence
tomography: intraobserver and interobserver variability. J Cataract Refract Surg. 2006;32: 1803—
1808.

Leung CK, Chan WM, Ko CY, et al. Visualization of anterior chamber angle dynamics using optical
coherence tomography. Ophthalmology. 2005;112:980 —984.

Li H, Leung CK, Cheung CY, et al. Repeatability and reproducibility of anterior chamber angle
measurement with anterior segment optical coherence tomography. Br J Ophthalmol. 2007;91:1490
—1492.

Sakata LM, Lavanya R, Friedman DS, et al. Assessment of the scleral spur in anterior segment optical
coherence tomography images. Arch Ophthalmol. 2008;126:181-185.

Pekmezci M, Porco TC, Lin SC. Anterior segment optical coherence tomography as a screening tool for
the assessment of the anterior segment angle. Ophthalmic Surg Lasers Imaging. 2009; 40:389 —398.
Console JW, Sakata LM, Aung T, Friedman DS, He M. Quantitative analysis of anterior segment
optical coherence tomography images: the Zhongshan Angle Assessment Program. Br J Ophthalmol.
2008;92:1612-1616.

Wong HT, Lim MC, Sakata LM, etat.LJK GH QLWLRQ RSWLFDO FRKHUHQFH WRPF
iridocorneal angle of the eye. Arch Ophthalmol. 2009;127:256 —260.

Radhakrishnan S, See J, Smith SD, et al. Reproducibility of anterior chamber angle measurements
obtained with anterior segment optical coherence tomography. Invest Ophthalmol Vis Sci. 2007;
48:3683-3688.

Leung CK, Cheung CY, Li H, et al. Dynamic analysis of dark-light changes of teeargthamber angle

with anterior segment OCT. Invest Ophthalmol Vis Sci. 2007;48:4116 — 4122.

Khor WB, Sakata LM, Friedman DS, et al. Evaluation of scanning protocols for imaging the anterior
chamber angle with anterior segment-optical coherence tomography. J Glaucoma. 2010;1%-358.
Radhakrishnan S, Goldsmith J, Huang D, et al. Comparison of optical coherence tomography and
ultrasound biomicroscopy for detection of narrow anterior chamber angles. Arch Ophthalmol.
2005;123:1053-1059.

Kim DY, Sung KR, Kang SY, et al. Characteristics and reproducibility of anterior chamber angle
assessment by anterior-segment optical coherence tomography. Acta Ophthalmol. Published online
November 19, 2009.

Leung CK, Yung WH, Yiu CK, et al. Novel approach for anterior chamber angle analysis: anterior
FKDPEHU DQJOH GHWHFWLRQ ZLWK HGJH PHDVXUHPHQW DQG LGH
Ophthalmol. 2006;124:1395-1401.

Goldsmith JA, Li Y, Chalita MR, et al. Anterior chamber width measurement by high-speed optical
coherence tomography. Ophthalmology. 2005;112:238 —244.

Sakata LM, Lavanya R, Friedman DS, et al. Comparison of gonioscopy and anterior segment ocular
coherence tomography in detecting angle closure in different quadrants of the anterior chamber angle.
Ophthalmology. 2008;115:769 —774.

33






CHAPTER 3

Baerveldt drainage tube motility
in the anterior chamber

Annelie N. Tan

Pauline M. De Witte b
Carroll A. B. Webers

Tos T. J. M. Berendschot
John De Brabander

Johannes S. A. G. Schouten
Henny J. M. Beckers

European Journal of Ophthalmology, May-Jun 2014;24(3):364-70.



Chapter 3

ABSTRACT

Purpose

To investigate the stability in position of the Baerveldt glaucoma drainage tube over time and
to study movement of the drainage tube in the anterior chamber (AC) under varying light
conditions.

Methods

This prospective study included 70 eyes with implantation of a Baerveldt glaucoma drainage
tube in the anterior chamber. Anterior segment optical coherence tomography (AS-OCT)
images were made preoperatively to quantify AC depth. AS-OCT images were made twice
under photopic and twice under scotopic conditions, in the angle parallel to the Baerveldt tube
to quantify drainage tube position, at 3, 6, 12, and 24 months postoperatively. Tube-corneal
(T-C) and tube-iris (T-I) distances were measured. Additionally, the central ACtHesmnd the
peripheral angle opening (AOD 500) were determined. Two subgroups were distinguished
according to tube position: free in the AC (group 1, n = 48) and transiridal (group 2, n = 22).

Results
$IWHU PRQWKYV RI IROORZ XS WKH GUDLQDJH WXEH ZDV IRXQ
FORVHU PP WR WKH FRUQHDO HQGRWKHOLXP LQ JURXS

VLIQL FDQW GLIIHUHQFH LQ 7 & GLVWDQFH RYHU WLPH LQ JURXS
photopic versus scotopic circumstances (p = 0.32). In both groups, the T-I distance was larger
under scotopic conditions, a result of pupil dilation.

Conclusions

The Baerveldt glaucoma drainage tube remained in a stable position when a transiridal
implantation was performed, whereas the tube moved closer to the endothelium when placed
free into the AC. Transiridal implantation of the Baerveldt tube seems a safe alternative for tube
implantation with respect to tube motility.
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INTRODUCTION

Glaucoma drainage device (GDD) surgery is becoming an increasingly popular surgical
procedure for the treatment of glaucoma. Initially, GDD surgery was preferably performed
in eyes after failed trabeculectomy or in cases with uveitic, neovascular, or other forms of

refractory glaucoma. In recent years, drainage tube implant surgery has gained popularity as a 3

primary surgical procedure for glaucoma. Several implantation techniques can be chosen. The

WXEH FDQ EH GLUHFWO\ SODFHG LQWR WKH DQWHULRU FKDPE

approach), into the posterior chamber, or into the vitreous cavity in vitrectomized eyes. For
this last purpose, a specially designed device may be used (Baerveldt pars plana implant with
Hofmann elbow). The safety of tube surgery when compared to trabeculectomy or other
glaucoma surgeries, however, is subject to debate. [1,2]

Additionally, it is unclear which implantation technique may be the safest. Corneal
decompensation is a well-known complication after GDD surgery. Recent studies assumed the
corneal endothelial cell loss after GDD surgery to be the result of the presence of a drainage
tube in the AC, accelerating endothelial cell loss. [3,4,5,6] It is currently unknown to what extent
tube mobility will contribute to endothelial cell loss. Additionally, drainage tubes implanted close
to the corneal endothelium may cause tube-corneal touch. Sarkisian stated in a recent review
on drainage tube complications that careful placement of a short drainage tube away from the
cornea would at least prevent problems associated with tube-corneal touch. [7] Mendrinos et
al reported that the tube-corneal distance remained stable during 6 months of follow-up after
placing an Ahmed drainage implant. [8]

To our knowledge, no study has prospectively investigated the motility of the Baerveldt glaucoma
drainage tube in the AC. We assumed that tube movement may be induced with constriction
and dilation of the pupil, which could be simulated by observation under photopic and scotopic
conditions. Therefore, the purpose of our study was to investigate the change in position of the
Baerveldt drainage tube under varying light conditions (photopic and scotopic) of 2 different

LPSODQWDWLRQ WHFKQLTXHYVY GLUHFWO\ LQWR WKH @&\RU

we studied the change in tube position between the 2 different implantation techniques over
time.
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METHODS

This prospective observational study was conducted in accordance with the World Medical
Association Declaration of Helsinki. Glaucoma patients were eligible for inclusion if they
were scheduled for Baerveldt GDD implantation with placement of the drainage tube into
the AC. All surgery was conducted by a single surgeon (H.J.M.B.) at the University Eye Clinic
Maastricht, the Netherlands. When patients required additional intraocular surgery (e.g.,
cataract surgery or keratoplasty), further measurements were discarded.

Surgical Technique

A fornix-based conjunctival flap was made in the superotemporal quadrant. A 101-350
mm*b%DHUYHOGW *'* ZDV SODFHG XQGHUQHDWK WKH ODWHUDO
and the Baerveldt GDD was sutured to the underlying sclera with a nylon 8-0 suture

(Ethicon, Johnson & Johnson, Somerville, New Jersey, USA). The Baerveldt tube was tied

off using a Vicryl 7-0 suture (Ethicon) and fixated to the sclera with one nylon 8-0 suture.

The AC was entered using a 23-G needle and the Baerveldt tube, with an intraocular tube

length of 3 mm (measured with a pair of compasses), was inserted into the AC, bevel up. To

protect erosion of the tube, the extraocular part of the tube was protected with a patch of

donor sclera before closing the conjunctival wound.

A tube position parallel to the iris plane, with the tube lying flat on the iris, was aimed
for. However, in a number of cases this placement was difficult to obtain, with the tube
ultimately being positioned free in the AC. Therefore, transiridal placement of the tube,
using a preexisting peripheral iridectomy or creating a new one intraoperatively, was often
preferred by the surgeon, especially for eyes with a shallow AC or a convex peripheral iris
configuration. As the drainage tube was inserted transiridal or straight into the AC, we
distinguished 2 groups according to the placement technique. In the first group (group 1),
the tube was placed free into the AC; in the second group (group 2), the drainage tube was
placed transiridal into the AC (figure 1).

Anterior segment optical coherence tomography scans

All patients underwent anterior segment imaging using VisanteTM optical coherence
tomography (OCT) (Carl Zeiss Meditec Inc., Dublin, California, USA). During these
examinations, the patients were asked to look at the internal fixation light (through an
undilated pupil). Indentation of the eyeball during the examination was prevented.

Preoperatively, enhanced anterior segment single (EASS) scans were acquired in the 180°-
0° meridian to measure the central AC depth and the peripheral angle. Anterior segment
single scans were acquired in the angle parallel to the Baerveldt drainage tube in the AC
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(figure 2) 3 months, 6 months, 12 months, and 2 years postoperatively to measure the
tube-corneal endothelium (T-C), and tube-iris (T-1) distance. The EASS scan automatically
averages 4 anterior segment single scans per image to minimize the noise-contrast ratio.

Figure 1Baerveldt tube position

$W HDFK YLVLW DQWHULRU VHIJPHQW VLQJOH VFDQV ZHUH PI
lux) and twice under photopic conditions (>200 lux), to search for possible tube movements
XQGHU WKH VDPH OLJKW FLUFXPVWDQFHY DV ZHOO DV XQGHU
was acquired under photopic conditions, the second scan under scotopic conditions, the third
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VFDQ DJDLQ XQGHU SKRWRSLF FRQGLWLRQV DQG QDOO\ WKH
time interval between each scan was 1 minute. The 1-minute time interval was recgite

UHERRW WKH 9LVDQWH70 2&7 DQG ZDV IRXQG WR EH VXI FLHQW
constriction of the pupil.

Figure 2. Visante ASS made in the angle parallel to the Baerveldt tube.

Scan analysis

All scans were analyzed using Zeiss software (version 2.0.1.88) as available on the VisanteTM

OCT. This software has a claimed accuracy of 0.01 mm. For analysis of the EASS scans, the

central AC depth was calculated using the chamber tool. The peripheral angle opening was

measured using the iridocorneal angle tool (ICA). The ICA tool was placed on the scleral spur,

DIWHU ZKLFK WKH VRIWZDUH DXWRPDWLFDOO\ JHQHUDWHG WKH
500).

In the anterior segment single scans, the distance between the superior tip of the Baerveldt
drainage tube and the corneal endothelium (T-C distance) was determined using the safety
center tool. The upper end of this tool automatically adheres perpendicular to the corneal
endothelium after which the other end was dragged to the superior tip of the Baerveldt drainage
WXEH JXUH JXUWKHUPRUH WKH GLVWDQFH EHWZHHQ WKH L
WXEH DQG WKH LULV 7, GLVWDQFH ZDV GH QHG XVLQJ WKH FD(
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Figure 3Tube corneal and Tube iris distance

Statistical analysis

The T-C distances for 2 photopic scans and 2 scotopic scans were analyzed using paired-sample
t test. Differences in mean T-C distances under photopic versus scotopic circumstances were
analyzed using paired-sample t test. The same statistical analyses were used for the T-1 distance.
For the analyses of the peripheral angle opening (AOD 500), paired-sample t test analyses were
performed.

To determine changes in T-C distance and T-I distance over time, a linear mixed models (LMM)
analyses was performed with subject ID as grouping factor and group and followup time

as covariates, as well as their interaction term. All follow-up moments were included in the
DQDO\WHV :H DOVR DSSOLHG /00 DQDO\VHV VWUDWL HG IRU W
covariate. Theresulting FRHI FLHQWY ZHUH XVHG IRU YLVXDOL]DWLRQ
the statistical software package SPSS® version 18.0 (SPSS Inc., Chicago, lllinois, USA).
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RESULTS

Seventy consecutive eyes of 65 patients with a mean age of 58 years (range 26-80) were
included, time range from January 2008 to January 2010. Fifty-eight percent of the patients
were male. All included patients gave informed consent. The follow-up time was 24 months.

%DVHOLQH FKDUDFWHULVWLFV DW WKH GDWH RI VXUJHU\ DUH S
into the AC), there were 2 phakic eyes, and in group 2 (transiridal), 1 eye was phakic. All other

H\HV ZHUH SVHXGRSKDNLF :H IRXQG QR VWDWLVWLFDOO\ VLJQL
at baseline.

Table 1Baseline characteristics

Group 1: free into the AC Group 2: transiridial
N 48 22
Mean age, y 56 + 15 55+ 18
% men 67 52
Mean AC depth, mm 3.60+0.77 3.38 £ 0.65
Phakic eyes, n 2 1

AC = anterior chamber

T-C distance

The outcome of the LMM analyses is presented in Figure 4, where the trend lines shown are
basedonthe FRHI FLHQW RI WKH PRGHO $IWHU VWUDWL FDWLRQ Jl
VWDWLVWLFDOO\ VLIJQL FDQW GHFUHDVH LQ 7 & GLVWDQFH RI
SRVWRSHUDWLYHO\ S ,Q JURXS WUDQVLULGDO WKH GHF
WLPH WKH 7 & GLVWDQFH GHFUHDVHG VLIJQL FDQWO\ PRUH LQ J
0.016).

&RPSDULVRQ RI WKH 7 & GLVWDQFHY UHYHDOHG QR VWDWLVWLF
measurements under photopic conditions: 1.58 + 0.58 mm (mean of measurement 1) versus

1.62 £ 0.58 mm (mean of measurement 2), p = 0.50, and under scotopic conditions 1.53 + 0.61

mm (mean of measurement 1) versus 1.56 + 0.60 mm (mean of measurement 2), p = 0.54.

$W DOO IROORZ XS WLPHV WKH 7 & GLVWDQFH GLG QRW VLJQL
0.57 mm, mean of all measurements) and scotopic (1.54 + 0.59 mm, mean of all measurements)
conditions (p = 0.41). The T-C analyses under photopic and scotopic circumstances did not

differ and therefore the presented results are limited to analyses of the values under photopic
circumstances.
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At all follow-up times, the T-C distance in group 1 (free in the AC) was larger than in group 2
WUDQVLULGDO KRZHYHU WKHVH GLIIHUMDPEOHZHUMD BRM VWK
the results of the absolute T-C distance in the 2 groups over time.

Figure 4. Mean Tube -corneal distance (mm) of the two groups

Table 2Mean tube — corneal distances (mm), paired-sample T Test

Group 1: Group 2: p Value
Baerveldt tube in AC transiridial Baerveldt tube

3 months postoperatively 1.72 £ 0.62 (n=48) 1.50 £ 0.56 (n=22) 0.061

6 months postoperatively 1.68 £ 0.63 (n=47) 1.39 £ 0.60 (n=22) 0.065

12 months postoperatively 1.61 + 0.59 (n=47) 1.35+ 0.66 (n=21) 0.055

24 months postoperatively 1.49 + 0.49 (n=45) 1.43 + 0.60 (n=20) 0.54

AC= anterior chamber
T-I distance

8QOLNH WKH 7 & GLVWDQFH WKH 7, GLVWDQFH ZDV VLJQL FC
PP ZKHQ FRPSDUHG WR SKRWRSLF S PP FRQGLWLRQV

DQG PRQWKYV SRVWRSHUDWLYHO\ DQG DIWHU VWUDWL FDWL
D VWDWLVWLFDOO\ VLIJQL FDQW LQFUHDVH LQ 7, GLVWDQFH L

DQG PP >S @ LQ JURXS 7TKHUH ZHUH QR VWDWLVW
time between the 2 groups.

AOD 500
In group 2 (transiridal), the AOD 500 was smaller than in group 1 at all time points. These
GLIITIHUHQFHY ZHUH QRW VWDWLVWLFDOO\ VLJQL FDQW WDEOF
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Table 3. Peripheral iridocorneal angle measurements AOD 500 (mm), paired-sample T test

Group 1: Group 2: p Value
Baerveldt tube in AC transiridial Baerveldt tube
3 months postoperatively 0.72 £ 0.38 (n=48) 0.61 £ 0.19 (n=22) 0.11
6 months postoperatively 0.71 £ 0.30 (n=47) 0.59 £ 0.23 (n=21) 0.10
12 months postoperatively 0.66 + 0.23 (n=47) 0.61 + 0.15 (n=21) 0.31
24 months postoperatively 0.67 + 0.23 (n=45) 0.62 + 0.25 (n=20) 0.41
$2" DQJOH RSHQLQJ GLVWDQFH DW  wP
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DISCUSSION

The present study shows that there is a shift of the Baerveldt drainage tube towards the cornea
endothelium over time, which is dependent on the intraoperative tube placement. We evaluated the

position of the Baerveldt drainage tube when placed free into the AC or transiridal. The inability of

the anterior segment OCT to penetrate the iris stroma pigment makes it impossible to study the tube 3
position in the posterior chamber or pars plana. [9] In cases where the Baerveldt tube was positioned

free into the AC, the tube slowly migrated in the direction of the cornea endothelium, \néees when

WKH WXEH ZDV SODFHG WUDQVLULGDO QR VLJQL FDQW FKDQJH L

‘H QRWLFHG D VOLJKW LQFUHDVH LQ 7 & GLVWDQFH LQ WKH WU
4), which we cannot explain from the present data. Further follow-up could possibly further
elucidate this movement in the long term.

+RZHYHU DIWHU PRQWKYV RI IROORZ XS WKH 7 & GLVWDQFH LC
group 1 (free) when compared to group 2 (transiridal). We found no difference in T-C distance
EHWZHHQ SKRWRSLF DQG VFRWRSLF FRQGLWLRQV LQGLFDWL(
SRVLWLRQ ZLWK UHJDUG WR WKH FRUQHDO HQGRWKHOLXP 7K
scotopic circumstances is the result of dilation of the pupil, causing the iris to move further away

from the tip of the Baerveldt tube.

A larger T-C distance was found when the Baerveldt drainage tube was placed free into the AC.

This might be explained by the preference of the surgeon to choose a transiridal approach in

cases with a shallow AC. Although the AC was slightly shallower in the transiridal group (second
JURXS WKHUH ZDV QR VWDWLVWLFDOO\ VLIJQL FDQW GLIIHUH!
main groups. In contrast with the results of Mendrinos et al [8], who studied the position of the
$KPHG GUDLQDJH WXEH LQ WKH $& ZH GLG QRW QG D VWDEO
tube in the free AC group. A recently published article by Lopilly Park et al [10] described the

position of the Ahmed glaucoma valve tube using the T-C angle. They found a smaller T-C angle

(6.7°) over 12 months of follow-up, especially in uveitic eyes or eyes with previous penetrating
NHUDWRSODVW\ W LV GLI FXOW WR FRPSDUH WKH GHFUHDVH L
observed in our study. However, we can assume that a decrease in T-C angle would also result

in a decrease in T-C distance. In our study, we consciously choose the T-C distance over the

T-C angle because previous published data revealed a low reproducibility in iridocorneal angle
measurement using the angle software tool available on the anterior segment OCT. [11]

A possible drawback of our study was that it was carried out under ideal, almost laboratory
circumstances. In real life, however, tube motion cannot be ruled out when patients rub their
H\HV RU ZKHQ WKHUH LV FRQWDFW EHWZHHQ WKH SDWLHQWEé
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/IDZ HW DO > @ GHVFULEHG FDVHV RI GUDLQDJH WXEH PRWLRQ
capsule and the plate in the fornix. They reported that the movement of the tubes was not
associated with any intraocular tissue damage.

In our study, we did not observe any plate movement, although we did not investigate this

in detail. Plate movement seems unlikely because the plate was positioned underneath the
RFXODU UHFWXV PXVFOHVY DQG WLJKWO\ [DWHG WR WKH VFOH
JXUWKHUPRUH WKH H[WUDRFXODU SDUW RI WKH WXEH ZDV [DW
suture, preventing movement.

The movement of the tube towards the corneal endothelium therefore seems caused by v
bending of the tube instead of plate movement. Studies on the movement of phakic intraocular
lenses (pIOL) in the AC have shown an increase of the distance between the plOL edge and
the corneal endothelium under dark circumstances or during accommodation. We could not
extrapolate this observation to tube movement in our study. [13]

Another important observation from a recent study regarding plOL implants into the AC is
that a safe distance from implant to cornea should be respected to prevent excessive corneal
endothelial cell loss. In this study, a mean distance of 1.43 mm led to a yearly endothelial cell
density (ECD) loss of 1.0%, whereas a distance of 1.66 mm led to a yearly ECD loss of 0.2%.
[14,15] Several studies reported an 8.3%-9% loss in ECD 5 years after the implantation of a
phakic I0OL.

It remains to be investigated if a similar safe distance should be respected with regard to

the position of the tube of glaucoma implants. [13] Endothelial cell loss was reported after

Molteno GDD insertion. [3] Recently, a decrease in central ECD of 7.5%-8.6% was found after

6 months and 12.6% after 12 months of Ahmed GDD implantation. [16,17] A substantial loss

of endothelial cells is worrisome, since the treatment of corneal decompensation after GDD
LPSODQWDWLRQ UHPDLQV GLI FXOW 'HVFHPHW VWULSSLQJ DXW
preferred technique; however, this technique requires an air bubble to press the donor tissue up

against the patient’s cornea. In eyes implanted with a GDD, the air bubble escapes through the

tube to the subconjunctival space. A high rate of dislocation is reported, requiring a rebubbling.

[16,18,19]

It might be expected that keeping a safe cornea—drainage tube distance will probably be the
most important factor to prevent corneal decompensation in the long term. The present results

suggest that transiridal placement of the drainage would seem a safe alternative to reach this
goal. Alternatively, placement into the posterior chamber or pars plana insertion should be
considered if possible.
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Chapter 4

ABSTRACT

Purpose
To investigate central and peripheral corneal endothelial cell density (ECD) in relation to
Baerveldt (BV) glaucoma drainage device (GDD) tube corneal (TC) distance.

Methods

Prospective study of all patients scheduled for glaucoma tube surgery with 36 months follow-up.

A BV GDD was inserted into the anterior chamber (AC). Anterior segment optical coherence

tomography (AS-OCT) scans were made to determine the TC distance. Central and peripheral
ECD was measured, preoperatively and at 3, 6, 12, 24 and 36 months postoperatively.

Results
Fifty-three eyes were included [primary open-angle glaucoma, (n = 13); secondary glaucoma, (n

DQG SULPDU\ DQJOH FORVXUH JODXFRPD Q @ &HQWUDO
IROORZ XS ZLWK D PHDQ GHFUHDVH RI SHU \HDU S
TXDGUDQW FORVHVW WR WKH %9 *'' WXEH 34& S ,Q WKH ¢

was shown after transiridial tube placement versus 7.43% after placement ‘free’ into the AC (p
= 0.006). Endothelial cell (EC) loss was related to TC distance (mean 1.69 mm), with a central
loss of 6.20% and 7.25% in the PQC per year with shorter TC distances, versus a central loss of
DQG LQ WKH 34& SHU \HDU ZLWK ORQJHU 7& GLVWDQFHV
$ GLIIHUHQFH LQ (& ORVV E\ JODXFRPD VXEW\SH ZDV QRW LGHQ\

Conclusion

7KH 7& GLVWDQFH LV RI VLIQL FDQW LQ XHQFH RQ FRUQHDO (&'
severe EC loss, especially in the PQC. Transiridial placement of the BV GDD tube seems safer

than placement ‘free’ into the AC.
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INTRODUCTION

Aqueous shunts are becoming increasingly popular in the surgical treatment of glaucoma.
Although mainly used in cases of previously failed trabeculectomy or in cases with uveitic,
neovascular or other forms of refractory glaucoma, they are increasingly used as a primary
surgical procedure. Recent studies have demonstrated good shortterm results with early
postoperative complication rates even lower than after trabeculectomy [1, 2].

One of the most worrisome long-term complications after aqueous shunt implantation is the
development of corneal decompensation. A few studies have reported on corneal endothelial
cell (EC) loss after aqueous shunt implantation [3-8]. The presence of the tube in the anterior
chamber (AC) is thought to accelerate the loss of endothelial cells [3, 6, 9, 10]. Endothelial cell
loss was reported after Molteno glaucoma drainage device (GDD) insertion [3]. Rebemn 8%
decrease in central endothelial cell density (ECD) was found after 6 months and 12.6% after 12
months of Ahmed GDD implantation. In that study, the superotemporal area, which was closest
to the tube, showed the largest ECD decrease [6, 9, 11].

In cases of corneal decompensation, the central corneal thickness (CCT) was increased. As far
as we are aware of, no study prospectively investigated the corneal ECD after the implantation
of the Baerveldt (BV) GDD in the long term. Therefore, the aim of the present study was
to investigate the central and peripheral ECD and the CCT up to and including three years
postoperatively after the implantation of the BV GDD. In addition, we studied the relation
between the BV tube corneal (TC) distance and EC loss as well as the relation between tube
position in the AC and EC loss.
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PATIENTS AND METHODS

This study was conducted in accordance with the World Medical Association Declaration of
Helsinki. Glaucoma patients were eligible for inclusion if they were scheduled for Baerveldt BG
101-350 (Abbott Medical Optics, Chicago, lllinois, USA) glaucoma implantation with placement
of the drainage tube into the AC during the period 2009-2011. All surgeries were conducted
by a single surgeon (HB) at the University Eye Clinic, Maastricht, The Netherlands. The central
and peripheral ECD, the CCT and the TC distance were measured preoperatively and at 3, 6,
12, 24 and 36 months postoperatively. Patients requiring additional intra-ocular surgery during
follow-up were included until the moment of the additional surgery and thereafter excluded
from further analysis.

Surgical technique

$ IRUQL] EDVHG FRQMXQFWLYDO DS ZDV PDGH LQ WKH VXSHURWEL
GDD was placed underneath the lateral and superior rectus muscles, and the plate was sutured

to the globe with two nylon 8-0 sutures (Ethicon—Johnson & Johnson, Somerville, New Jersey,

USA). The BV GDDtube was tied off using a Vicryl 7-0 suture (Ethicon-Johnson & Johnson,
6RPHUYLOOH 1HZ -HUVH\ 86% DQG [DWHG WR WKH VFOHUD ZLW
entered using a 23-G needle after which the BV GDD tube (with an intra-ocular tube length of

3 mm) was inserted bevel up into the AC.

To prevent conjunctival erosion, the extra ocular part of the tube was patched with donor sclera

before closing the conjunctival wound. A tube positioned parallel to the iris plane, with the tube

O\LQJ DW RQ WKH LULV ZDV SUHIHUUHG ,Q SVHXGRSKDNLF H\t
an additional technique was adopted to keep the tube away from the cornea by placing the

tube transiridial through a peripheral iridectomy (PI). In eyes with a previously performed
trabeculectomy, the previously created iridectomy was used, and in the other eyes, a new

iridectomy was created using the 23-G needle that was used to enter the AC. There were no

differences in AC maintainer between the two subgroups (BV GDD tube ‘free’ in the AC and

transiridial placement of the tube). Subanalyses were performed for these two subgroups.

Corneal endothelium

The corneal endothelium and the CCT were analysed by specular microscopy (Konan Noncon

ROBO Pachy SP-9000). A ‘center-dot’ method was used to measure the ECD. The ECD

and CCT measurements were performed preoperatively and at 3, 6, 12, 24 and 36 months
postoperatively. The central ECD was measured in all eyes and in four peripheral locations (at

2,6, 10 and 12 o’ clock) at 3 mm from the centre of the cornea (Fig. 1). Patients were asked to

ORRN DW WKH LQWHUQDO [DWLRQ OLJKW :KHQ WKH\ ZHUH XQD
GXH WR YLVXDO HOG ORVV D SHULSKHUDO PHDVXUHPHQW FRXO
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variability in ECD data, three consecutive endothelial images of the central and each peripheral
corneal quadrant were obtained and analysed using the dot method, after which the centres of
50 or more contiguous cells were marked. The mean values of these three measurements were
used for further statistical analyses.

Figure 1

Endothelial cell density (ECD) measurement, (A) Superior corneal ECD, (B) Central corneal ECD, (C) Inferior
corneal ECD, (D) Left superior corneal ECD, (E) Right superior corneal ECD.

Tube to cornea distance

All patients underwent anterior segment imaging using VisanteTM optical coherence
tomography (OCT) (Carl Zeiss Meditec Inc, Dublin, California, USA). At all follow-up visits,
WKH SDWLHQWY ZHUH DVNHG WR ORRN DW WKH LQWHUQDO
research assistants were instructed not to indent the eyeball during the examination. Two
anterior segment single (ASS) scans were acquired in the angle parallel to the BV GDD tube in
the AC, at 3, 6, 12, 24 and 36 months postoperatively, to measure the TC distance. The mean of
these two TC distances was used for further statistical analyses.

Scan analysis

All scans were analysed using Zeiss software (version 2.0.1.88) as available on the VisanteTM
OCT. This software has a claimed accuracy of 0.01 mm in measurements. The distance between
the superior tip of the BV GDD tube and the corneal endothelium was determined using the
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‘Safety Centre tool. The upper end of this tool automatically adheres perpendicular to the
corneal endothelium after which the other end can be dragged to the superior tip of the BV
" WXEH JXUH (IWUHPH VKRUW DQG OR®RXWYELGIH WHDIF I3V 6Z H L

Figure 2

Anterior segment optical coherence tomography (AS-OCT) showing the Baerveldt tube and the tube corneal
distance in pink. (A) Tube ‘free’ in the AC, (B) Transiridial placement of the tube.
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Statistical analysis

To analyse the corneal ECD during the follow-up period, linear mixed model (LMM) analyses

were performed. This model was chosen because it uses all available ECD data of each eye

WR W WKH EHVW OLQHDU PRGHO 7KH /00 ZDV WWHG ZLWK (&
as covariate and assuming a random intercept per eye. To test for possible differences in EC
ORVV WKH 7& GLVWDQFH ZDV DOVR LQFOXGHG LQ WKH PRGHO
distance”.

2XU DSSURDFK ZDV WR W D OLQHDU PL[HG PRGHOX¥tLQJ WKH
+ 2*d+ 3*t*d + i, whereyi(t,d) is the ECD count of an eye i after a follow-up of t months with

TC distance d; represents the intercept; i represents the random intercept per eye;1 is the

effect of time after a follow-up of t months; 2 is the effect distance; 3 is the interaction effect

of time and TC distance with a follow-up of t months and TC distance ids the residual error.

All data were analysed using the statistical software package SPSS - version 18.0 (SPSS Inc.,
Chicago, IL, USA). Firstly, the central EC loss was determined for the total study group, after

which the peripheral EC loss, for the quadrant closest to the BV tube (PQC) and the other
guadrants, was assessed. Secondly, central and peripheral EC losses were compared between
glaucoma subtypes [primary open-angle glaucoma (POAG), secondary glaucoma and primary

angle closure glaucoma (PACG)]. The TC distance was included in the model to analyse the

LQ XHQFH Rl 7& GLVWDQFH RQ FHQWUDO DQG SHULSKHUDO (&
losses were compared between patients with the tube positioned ‘free’ in the AC or with
WUDQVLULGLDO [DWLRQ 7KH FHQWUDO FRUQHDO WKLFNQHVYV
all time-points during follow-up.
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RESULTS

Baseline data
Fifty-three eyes of 35 patients (mean age 61+14 years, 54% female) were included. Fifty-one
percent were right eyes. A total of 45 eyes were pseudophakic at the time of suygtrere were
no aphakic eyes. Fifty-six percent of subjects had secondary glaucoma, 24.5% POAG and 18%
PACG. Sixty-seven percent of eyes underwent trabeculectomy in the past. Baseline characteristics
are listed in Table 1. All included patients gave their informed consent. Preoperatively, the mean
central ECD was 2052+572 cellsimm ZLWK QR VWDWLVWLFDOO\ VLIJQL FDQW C
SHULSKHUDO TXDGUDQWY DQG WKH FHQWUDO (&' 7KHUH ZHUH (
in baseline ECD in phakic versus pseudophakic eyes. The mean central ECD was 2176+105 in
phakic eyes and 1887+181 in pseudophakic eyes (p=0.12). Preoperatively, the mean ECD was

S LQ WKH JURXS ZKHUH WKH %9 *'' ZDV SODFHG éIUHHé LQW
ZDV S SUHRSHUDWLYHO\ LQ WKH WUDQVLULGLDO JURXS $ \
(& ORVV E\ JODXFRPD VXEW\SH FRXOG QRW EH LGHQWL HG LQ EL

7KH %9 *'' WXEH ZDV SODFHG élUHHé LQWR WKH $& LQ H\HV L
placed transiridial (11 through pre-existent PI; 11 through a newly created Pl). Preoperatively

WKH $& GHSWK ZDV s PP LQ H\HV ZKHUH WKH %9 *'* ZDV SOD
3.3+0.7mm in eyes with transiridial placement.

In the total study population, 2 eyes underwent a re-operation with repositioning of the BV
tube because of a very short tube corneal distance (one eye had a tube corneal touch). One eye
developed cornea decompensation after prolonged hypotony, which persisted after tying off
the BV drainage tube. These eyes were excluded from further analyses.

Central and peripheral ECD

7TDEOH VKRZV WKH DEVROXWH FHQWUDO (&' GXULQJ IROORZ
GHFUHDVHG GXULQJ IROORZ XS ZLWK D PHDQ GHFUHDVH RI
\HDUO\ GHFUHDVH RI ZDV IRXQG S YHUVXV LQ WKH
7KH GHFUHDVH LQ WKH 34& zDV VLJQL FDQWO\ ODUJHU FRPSDUI
other peripheral quadrants (p=0.003). The FRHI FLHQWY Rl WKH /00 DQDO\VLV D
FRQ GHQFH LQWHUYDO &, DUH VKRZQ LQ WDEOH
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Table 1. Baseline characteristics

No of eyes (n) 53
Mean age in years (mean+SD) 61+14
Gender (% men) 46
Eye (% right eye) 51
Lens status (% pseudophakic) 84.9

Glaucoma type

Primary open angle glaucoma (%) 24.5 (n=13) 4
Secondary glaucoma (%) 56.6 (n=30)
Primary angle closure glaucoma (%) 18.9 (n=10)

Previous trabeculectomy (%) 67.8

Endothelial cell density preoperatively (cells/m#
7XEH élUHHé LQ WKH DQWHULRU FKDPEHU PHDQ<691+ 344
Transiridial placement of the tube (mean+SD) 2017 + 547

Table 2. Central endothelial cell density (ECD) at different time points

Period Mean ECD (cells/mm?)£SD
Preoperatively 2052+572
3 months post-op 2016+592
6 months post-op 2012+607
12 months post-op 1911+640
24 months post-op 1898+657
36 months post-op 17714662
Table3. FRHI FLHQWV DQG WKHLU FRQ GHQFH LQWHUYDOV VKRZLQJ
quadrant closest to the BV and the other quadrants
Parameter Estimate Sig. &RQ GHQFH ,QWHUYDO
b b b  Lower Bound Upper Bound
Intercept 1939 1776 2101
. the effect of time after a follow-up of months ~ -10.6 -12.6 -8.7
,» other quadrants 14.3 408 -19.6 48.2
, PQC 0 b b b
»» the interaction effect time - other quadrants 3.23 .003 1.10 5.36
4.the interaction effect time - PQC 0 b b b

PQC: peripheral quadrant closest to the BV GDD tube
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Tube position and ECD

The central ECD showed a yearly decrease of 3.54% after transiridial placement and of 5.55%

ZKHQ WKH %9 *''" WXEH ZDV SODFHG élUHHé& LQWR WKH $& +R
VWDWLVWLFDOO\ VLIJQL FDQW S

In the PQC we found a yearly decrease of 1.57% after transiridial placement and of 7.43% when
WKH %9 *'" WXEH ZDV SODFHG éIlUHHé LQWR WKH $& 7KLV ZDV VYV

TC distance and ECD

The mean TC distance was 1.7 + 0.6 mm for the whole study group at all follow-up time points.

The mean TC distance at all follow-up moments was 1.7 + 0.5 mm when the tube was placed

élUHHé LQWR WKH $& DQG s PP DIWHU WUDQVLULGLDO SO
FHQWUDO DQG SHULSKHUDO (& ORVV ZDV VLJQL FDQWO\ LQ XH¢
shorter the distance, the higher the loss. A central loss of 6.20% and a loss of 7.25% in the PQC

per year was found for a TC distance of 1.1mm, versus a central loss of 4.11% and a 1033 % 5.

LQ WKH 34& RI SHU \HDU IRU D 7& GLVWDQFH RI PP RXWVLGH |

Table4. FRHI FLHQWYV DQG WKHLU FRQ GHQFH LQWHUYDOV VKRZLQJ WKH
TC distances

Parameter Estimate Sig. &RQ GHQFH ,QWHUYDO
b b b  Lower Bound Upper Bound
Intercept 2229 1988 2470

. the effect of time after a follow-up of months -15.7 -20.8 -10.5

, the effectof TCdistance -142.5 .008 -246.8 -38.2

, the interaction effect 451 .004 1.46 7.55

Central corneal thickness

7KH &&7 GLGQeW VWDWLVWLFDOO\ FKDQJH RYHU WLPH 7KH PHD
wP > @ DIWHU \HDU wP > @ DIWHU \H

[544.7-588.1] after 3 years of follow-up; p=0.38.
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DISCUSSION

7KLY WKUHH \HDU IROORZ XS VWXG\ VKRV O yY&'JI0QQ HDKW ZE& M
BV GDD tube placed into the AC. Endothelial cell (EC) loss occurred most extensively in the

PQC. Additionally, a tube position closer to the endothelium was found to accelerate EC loss;

the shorter the distance, the higher the loss. The CCT did not statistically change over time;
however, it may be that with further follow-up, several eyes may eventually develop corneal
decompensation. 4

In normal adult corneas, the central human corneal ECD gradually declines at an average of
approximately 0.6% per year [12]. Previous studies report a lower ECD in glaucoma patients
compared to healthy subjects [13, 14]. The secondary glaucoma group of our study consists

mainly of uveitic eyes, traumatic eyes and eyes after previous vitrectomy for retinal detachment.

2XU VWDWLVWLFDO DQDO\WVHYV GLG QRW QG D VWDWLVWLFDOO\
secondary glaucoma, POAG or PACG.

Less EC loss was found after transiridial placement of the BV GDD when compared with
placement of the BV tube ‘free’ into the AC. In a previous study by the same authors, it was
demonstrated that the BV GDD tube remains in a stable position after transiridial placement,
whereas the tube moves closer to the endothelium after placement ‘free’ into the AC [15].
The more stable position of the tube after transiridial placement may explain the lower EC
loss in this subgroup. No excessive EC loss seems to occur in the early postoperative stage,
implying that there is no additional EC loss according to the surgically induced trauma.
An explanation for this might be the recovery capability of the corneal endothelium after
intra-ocular surgery, when lost endothelium might be renewed by stem cells from a niche
at the posterior limbus [16]. This phenomenon is also observed in a study of Storr-Paulsen
et al., who studied the central ECD loss after mitomycin C-augmented trabeculectomy. An
ECD loss of 9.5% was found 3 months after mitomycin C-augmented trabeculectomy, and
10% after 12 months [17].

To determine the course of postoperative EC loss, a linear mixed model analysis was chosen,

DV WKLV SURYLGHV WKH SRVVLELOLW\ WR XVH DOO DYDLODEC
placement of the BV tube was only chosen for pseudophakic eyes, to prevent cataract formation

in phakic eyes. The present results show a lower ECD decrease in comparison with a previous
published paper by Lee et at [11], in which EC loss in eyes with an Ahmed glaucoma tube in the
anterior chamber was studied. In their paper, a mean central EC loss of 15.4% was found 24

months after the implantation of an Ahmed glaucoma valve S2. In our study, the mean central

EC loss after 24 months was 9.08% (4.54% per year).

59



Chapter 4

Lee et al. found an ECD decrease of 22.6% in the superotemporal quadrant (closest to the
Ahmed tube) at 24 months. The peripheral EC loss after 24 months was 13.14% in our study.
However, we found the TC distance to be of crucial importance in the decline of the number of
endothelial cells. A short TC distance of 1.1 mm led to a central EC loss of 6.20% per year and
a peripheral EC loss of 7.25% per year. There are several reasons why our results differ from
those of Lee et al. (2009) Their mean follow-up time was 19 months, whereas our subjects were
followed for 36 months. Furthermore, the TC distance was not taken into account in their study.
The different designs of the implants could also play a role.

7KH $KPHG WXEH LV YDOYHG DQG PLJKW LQGXFH PRUH EURVL
glaucoma implant [18]. Another possible explanation for the difference in EC loss might be the

different material of the glaucoma drainage devices. Both the BV GDD and the Ahmed valve have

a silicone drainage tube. The Ahmed-valved plate body and casing are made of polypropylene

whereas the BV GDD plate is made of silicone. Despite the plate not being in contact with the

corneal endothelium and being situated outside the anterior chamber, it is possible that due to

EDFN RZ RI DTXHRXV KXPRXU WKURXJK WKH GUDLQDJH WXEH LP
which might contribute to the difference in EC loss as reported in our study as compared to

the study of Lee [19].

$QRWKHU LPSRUWDQW REVHUYDWLRQ RI RXU VWXG\ LV WKH LQ
ORVV 7KLV QGLQJ XQGHUOLQHV WKH UHVXOWYV SXEOLVKHG E\ 'l
EC loss in the event of a shorter distance between a phakic intra-ocular lens and the corneal
endothelium. A recent retrospective study published by Koo et al. [21] shaWthat tubes

situated close to the cornea seem to lead to an increased EC loss. In our study, a shorter TC

distance led to more EC loss, most severe in the PQC. After transiridial placement of the BV

GDD tube, outcomes were better, which may be explained by the observation that the distance

of the tube to the peripheral corneal endothelium from the entry site in the AC is in general

larger than after direct insertion of the tube into the AC through the iridocorneal angle. A
GLIIHUHQFH LQ (& ORVV E\ JODXFRPD VXEW\SH ZDV QRW LGHQWL
ZKHUH WUDQVLULGLDO SODFHPHQW RI WKH WXEH PLJKW SURED|
(& GLG QRW VKRZ D VLJQL FDQW IDVWHU GHFUHDVH DV FRPSDUF
relatively small numbers, some caution must be taken into account by interpreting these results.

+RZHYHU RXU QGLQJV VXSSRUW WKDW WXEH SODFHPHQW IDU

should be preferred to limit EC loss. To reach this goal, a transiridial approach (as an addition to
sulcus placement or a pars plana approach) seems a valuable and safe option.
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Chapter 5

ABSTRACT

Purposeb

To study the long-term results and complications after placement of a Baerveldt glaucoma
implant (BGl).b

b

Methodshb

Case series study, in which all patients who underwent BGI surgery before 2013 at the University
Eye Clinic of the Maastricht University Medical Center in Maastricht, the Netherlands,
ZHUHbLbLQFOXGHG b3DWLHQWY ZHUH RUJDQL]JHGbLQWR WZR JURX
5-year cohort, to contradict a possible time-related bias in the 10-year coho@utcome
measures included the evolution of IOP over the course of 5 years respectively 10 years, the
cumulative rate of success, the number of IOP-lowering medications, and postoperative visual
acuity (VA). Safety outcome measures included long-term occurrence and incidence of adverse
events and complicationsh

Resultsb
One hundred sixty-seven eyes from 167 patients (all Caucasians) were included, 80 eyes in the
\HDU FRKRUW DQG H\HV LQ WKH DGGLWLRQDO \HDU FRKRUW
open-angle glaucoma and uveitic glaucoma. IOP decreased from 30.0 + 9.5 mmHg at baseline
to 11.7 + 4.2 mmHg at 5 years and 12.6 + 4.5 mmHg at 10 years: in the 5-year cohort from 26.5
+10.3 mmHg to 10.3 £ 4.0 mmHg. The number of IOP-lowering medications dropped from 2.5
s DW EDVHOLQH WR s DIWHU YH \HDUV DQG s DIWt
from 2.7 + 1.0 to 0.9+1.0 at 5 years. Mean corrected distance visual acuity (CDVA) slightly
changed from logMAR 1.20 + 1.04 at baseline to logMAR 1.00 + 1.08 postoperatively at 5 years
and decreased to 1.53 + 1.14 after 10 years. In the 5-year cohort, the CDVA changed from
logMAR 0.74 £ 0.82 to logMAR 0.90 + 0.97. There were no statistical differences between the
two cohorts. Corneal decompensation was the most frequently observed complication in every
cohort. OtherIRQJ WHUP FRPSOLFDWLRQV ZHUH UHODWLYHO\ IHZ DQG
5 years of follow-up. Phtisis bulbi was observed in 4 cases.

Conclusion

Sustained and stable control of IOP can be obtained with the BGI for up to 10 years after
implantation, with IOP values between 12 and 13 mmHg. Corneal decompensation is the most
important complication.
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INTRODUCTION

For many decades now, the gold standard for the surgical treatment of glaucoma is
trabeculectomy [1]. Ample experience with this procedure, including guarded antimetabolite

XVH RIWHQ PLWRP\FLQ & DQG UH QHPHQWY RYHU WKH \HDUV |
with intraocular pressure (IOP) levels in the low teens in many cases, especially surgically naive
patients with open-angle glaucoma [2]. However, the introduction of long-tube glaucoma
GUDLQDJH GHYLFHV *'' UVW E\ OROWHQR LQ > @ RIIH
trabeculectomy. Several GDD designs have since become available. Nowadays, especially the
$KPHG DQG %DHUYHOGW *'" DUH FRPPRQO\ XVHG $W UVWE=*""
with refractory glaucoma and after failed trabeculectomy. Over the years, it has been shown in

a number of studies that GDD implantation may lead to similar successful IOP-lowering results

when compared to trabeculectomy, and acceptable short- and long-term complications [4] [5,

6]. GGDs are also gaining popularity as a primary procedure [7].

However, although the amount of early and late complications may be comparable to
trabeculectomy [4, 5], several, especially late complications are still feared (e.g. severe endothelial
cell loss and subsequent corneal decompensation [8], tube or plate exposure, hypotony). Late
endophthalmitis, probably related to tube exposure, contributes in most cases to failure [9].

Studies comparing the long-term results of the Ahmed versus the Baerveldt Glaucoma Implant
(BGI) reported lower IOP outcomes with the BGI, but also more failures due to safety issues
(hypotony, implant explantation, and loss of light perception) than with the Ahmed Implant [10,
11].

Although GDDs have proven their worth in current glaucoma practice, GDD implantations
are placed at the end of the surgical treatment spectrum, due to the substantial amount of
dissection, work and risks associated with the procedure [12]. Costs, availability, and surgeon’s
preference also play a role in the selection process [1]. After failure of a GDD, further treatment
options are usually limited. Placement of a second (or even third) GDD may be considered, but
often the only remaining alternative is a cyclodestructive procedure [1]. For this reason, it is
interesting to study the outcome of GDD implantation on the very long term, as evidence after
many years is still scarce, in a pragmatic trial.

Pragmatic trials offer the opportunity to study the effect of a treatment in a real-life situation,
LQFOXGLQJ LQ XHQFLQJ H[WUDQHRXV IDFWRUV 7KH UHDO ZR
treatments that have already acquired a place in the treatment armamentarium, in this case

the GDDs [13].
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The aim of this study was to evaluate the long-term results and long-term complications of the

BGI, in a 10-year cohort and an additional 5-year cohort. These two cohorts were chosen to

rule out a possible time-related bias, as indications and procedures may have changed slightly

RYHU WKH \HDUV 7KH \HDU FRKRUW UHVXOWYVY ZHUH FRPSDUHG
the 10-year cohort to contradict a time-related bias in the 10-year cohort.
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METHODS

To study the long-term effects of the BGI intervention, a pragmatic study approach was chosen

with key components that include nonrestrictive eligibility criteria, implementation of the
LOWHUYHQWLRQ XQGHU éUHDO ZRUOGé FRQGLWLRQV PRQLW
usually ascertained using data collected during routine clinical care.

Therefore, all patients who underwent BGI surgery before 2013 at the University Eye Clinic

of the Maastricht University Medical Center in Maastricht, the Netherlands, were included

LQ WKLV FDVH VHULHV VWXG\ $00 SDWLHQWYV JDYH WKHLE- FF
research. The study was conducted according to the principles of the Declaration of Helsinki

(WMA, Brazil, October 2013). Data (IOP, topical and systemic IOP-lowering medications, visual
DFXLW\ 9% YLVXDO HOGV 9) ZKHQ DYDLODEOH FRPSOLFD
were recorded in electronic health records (EHR).

For the analysis, a data cut-off date was chosen to organize the patients into 2 groups, a 10-
year cohort and a 5-year cohort, in which the implant surgery date was at least 10 years resp. 5
years before the data cut-off date (01/01/2018), regardless of the length of follow-up. No other
inclusion criteria were applied, to avoid selection bias.

For the long-term results, only complications after year one were analyzed. Therefore,
FRPSOLFDWLRQV LQ WKH UVW SRVWRSHUDWLYH \HDU HDUO'
year) were not part of the analysis.

Surgical technique

$ OLPEDO RU IRUQL[ EDVHG FRQMXQFWLYDO DS ZDV PDGH L!
mm2 or 350 mm2 plate BGI was placed 10 mm from the limbus, the 350 mm2 with its wings
underneath the lateral and superior rectus muscles. In 10 (13%) cases a pars plana approach

was chosen. The surgical technique has been described in detail elsewhere [8, 14]. All patients

were operated by a single surgeon (HB).

Outcome measures

The primary outcome measure was the evolution of IOP over the course of 5 years resp. 10 years
of follow-up. Secondary outcome measures include the cumulative rate of success, the number
of applied topical IOP-lowering medications, and postoperative Snellen visual acuity (VA) at 5
years resp. 10 years after the surgery date.

67



Chapter 5

Snellen VA was converted to logarithm of the minimum angle of resolution equivalents (logMAR)
for calculating the mean and variances. Preoperative VA and occurrences of postoperative vision
at 5 years resp. 10 years were determined. Secondary safety outcome measures included long-
term occurrence and incidence of adverse events, (i.e., from the second year and further) that
needed a glaucoma reoperation (such as device exposure).

Statistical analysis
Mean IOP was estimated by applying a linear mixed-effects model of time series where the
linear time variable is representing the postoperative time elapsed from implant surgical date.

7KH VXEMHFW VSHFL F UDQGRP GHYLDWLRQ IURP WKH PHDQ FF
random effects in the model. Itis common to have repeated measures on subjects in observational

studies, where we would expect that the observation on an individual at time t would be quite

strongly correlated with the observation on the same individual at time 1. However, because

RI WKH REVHUYHG VLJQL FDQW VHULDO FRUUHODWLRQ RI WKH ,
analysis is more appropriate.

The safety outcomes measures were presented by frequency and percentages. All analyses

were conducted in R (R Core Team, 2017) with Ime4 package [15] to perform linear mixed model
/0( DQDO\WLY DQG JXUHV ZHUH SURGXFHG XVLQJ WKH SDFENDJF
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RESULTS

Baseline parameters

A total of 184 eyes underwent glaucoma surgery with a BGI implant before 2013. For patients

ZKR XQGHUZHQW D %*, SURFHGXUH LQ H\HV RQO\ WKH UVW
correlation. After removing the second eye with GDI from the analysis, 167 eyes from 167

patients were included in our study.

Setting data cut-off date (01/01/2018) resulted in a 10-year cohort with data from 80 eyes/
patients (with at least 10 years of follow-up), and a 5-year cohort with 87 eyes (at least 5 years 5
of follow-up).

Baseline demographics and patient characteristics were summarized in table 1. The most
common diagnosis was open angle glaucoma. Of these, 14.1% were primary Gpeyte

glaucoma (POAG) cases in the 10-year cohort and 20.8% in the 5-year cghand 26.9%
UHVSHFWLYHO\ LQ DPPDWRU\ VHFRQGDU\ JODXFRPD FDV}
and 5-year cohort was 51.9 + 19.9 years and 59.2 + 14.5 years (median age: 55.5 and 61 years)
respectively with a slight female predominance, and all patients were Caucasians.

A majority of patients had one or more IOP-lowering surgeries prior to BGI implantation.

Previous surgeries included trabeculectomy (51% of eyes in the 10-year cohort and 45% of

H\HV LQ WKH \HDU FRKRUW DQG SKDFRHPXOVL FDWLRQ ZLW}
70% in the 10-year and 5-year cohort respectively.)

Withdrawal/failures

Table 2 summarizes the reasons for withdrawn from the study. Lost to follow-up as the reason

IRU ZLWKGUDZDO LV VXPPDUL]HG E\ éGHDWKé éSDWLHQW GHFL
10-year cohort and 10.6% in the 5-year cohort. Of the major failures of the BGI, evisceration is

the most frequently mentioned, 9.2% in eyes of the 10-year cohort.

IOP evaluation

Table 3 summarizes the mean IOP and number of IOP-lowering medications at every yearly visit.
Baseline preoperative IOP was 30.0 = 9.5 mmHg [IQR 24—35] and the number of IOP-lowering
medication classes was 2.5 + 0.8. IOP dropped to 11.7 + 4.2 mmHg at 5 years and 12.6 + 4.5

PP+J DW \HDUV 7KH QXPEHU RI ,23 ORZHULQJ PHGLFDWLRQ)
years and 0.9 + 1.1 after 10 years. In the 5-year cohort, IOP decreased from 26.5 + 10.3 mmHg

[IQR 20-32] and 2.7 + 1.0 of IOP-lowering-medications to 10.3 + 4.0 mmHg and 0.9+1.0 topical
medication at 5 years.
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Table 1: Baseline Demographics and Patient Characteristics

Cohort
Characteristics 10-year 5-year p-value
number of patients/eyes 80 87
Age, years median [IQR] 55.5[39.75, 66.5] 61 [51, 70] 0.021
age group,years % (n) 0.068
-45 31.2% (25) 14.9% (13)
46-65 41.2% (33) 44.8% (39)
65-75 17.5% (14) 27.6% (24)
76- 10.0% ( 8) 12.6% (11)
eye % (n) 0.563
oD 56.2% (45) 50.6% (44)
0s 43.8% (35) 49.4% (43)
gender % (n) 0.403
female 52.5% (42) 44.8% (39)
Male 47.5% (38) 55.2% (48)
Glaucoma Type % (n) 0.221
Primary open angle 14.1% (11) 20.8% (10)
Neovascular 7.7% ( 6) 0.0% ( 0)
Uveitic 26.9% (21) 39.6% (19)
Pigmentary 3.8% ( 3) 0.0% ( 0)
Pseudoexfoliative 1.3% (1) 0.0% ( 0)
Juvenile-onset open angle 12.8% (10) 10.4% ( 5)
Primary angle closure 7.7% ( 6) 10.4% ( 5)
Other 25.6% (20) 18.8% ( 9)
Glaucoma Surgical History
Trabeculectomy 51.3% 44.7% 0.593
Pars plana vitrectomy 28.9% 17.2% 0.2004
Corneal transplant 7.9% 6.4% 1
3KDFR HPXOVL FDWLRQ 77.6% 70.2% 0.4795

IQR: interquartile range

Using the linear mixed model corrected for subjects as random effects, the number of
PHGLFDWLRQV DV [HG HIIHFWV DQG WXQHG IRU WKH FRUUHODW
W ZDV DFKLHYHG ZLWK DXWRFRUUHODWLRQ ZLWK OHYHOV RI
UHVXOWLQJ LQ DQ ,23 LQWHUFHSW RI PP+J S DQG D ,

follow-up year (p=0.3699). Five and 10 years IOP estimates were 12.1 + 3.7 mmHg and 12.3 +

3.9 mmHg in the 10-year cohort. In the 5-year cohort, the |IOP estimates were 10.5+4.1 mmHg

after 5 years (p-=0.1043 with Welch two-sample t-test).
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Table 2: Failures

Cohort

Discontinuation 5-year 10-year

Period (0-5y) (0-5y) (5-10y)

N=47 N=76 N=56

continuation % (n) 87.2% (41) 73.7% (56) 67.8% (38)

withdrawn % (n) 12.8% (6) 26.3% (20) 32.1% (18)

Reasons for withdrawal % (n)

Failures 2.1% (1) 9.2% (7) 7.1% (4)
Evisceration 0.0% ( 0) 5.3% (4) 5.4% ( 3)
Explantation 0.0% ( 0) 1.3% (1) 0.0% ( 0) 5
Pthisis bulbi 2.1% (1) 2.6% (2) 0.0% ( 0)
second implant 0.0% ( 0) 0.0% ( 0) 1.8% (1)

Death 2.1% (1) 2.6% (2) 5.4% ( 3)

move site 6.4% ( 3) 13.2% (10) 10.7% ( 6)

patient decision 2.1% (1) 1.3% (1) 8.9% (5)

p-value = 0.3638
p-value = 0.2653

Although mean IOP at baseline and at 5 years were lower in the 5-year cohort than the mean

,23 LQ WKH UVW \HDUV RI WKH \HDU FRKRUW WKHVH GLIIH
JXUH

Visual Acuity

Mean corrected distance visual acuity (CDVA) in the 10-year cohort slightly changed from
logMAR 1.20 + 1.04 at baseline to logMAR 1.00 + 1.08 postoperatively at 5 years and decreased
WR S DIWHU \HDUV S

Ten percent (8 eyes) had at baseline a Snellen VA of 0.5 decimal (20/40) or better and 9% and
4% at 5 years and 10 years, respectively. None of these results at any of the time points were
VWDWLVWLFDOO\ VLIJQL FDQW

In the 5-year cohort, the CDVA changed from logMAR 0.74 + 0.82 at baseline to logMAR 0.90

+ 0.97 after 5 years. Thirty-six percent (17 eyes) and 21.3% (10 eyes) had a Snellen VA of 0.5 or
better at baseline and after 5 years respectively (table 4).

71



Chapter 5

Table 3: Mean IOP and medication use

10-year cohort IOP (mmHg) medications
Visit n mean = SD marginal mean FRQ GHQFH L Q Wdat+/IDO
Baseline 76 30.0+95 25+0.9
Year 1 70 126+5.2 11.92 (10.7,13.2) 0.7+£0.9
Year 2 67 122+ 4.7 11.95 (10.8, 13.1) 0.7+£0.9
Year 3 54 126+4.2 11.99 (10.9, 13.1) 0.6+0.8
Year 4 58 11.8+3.6 12.03 (11.0, 13.1) 0.7+£0.9
Year 5 48 11.7+4.2 12.07 (11.0, 13.1) 0.7+0.9
Year 6 45 12.3+5.3 12.11 (11.1, 13.1) 0.7+0.9
Year 7 46 125+ 5.6 12.15 (11.1, 13.2) 0.7+0.9
Year 8 42 12.7+ 45 12.19 (11.1, 13.3) 08+1.0
Year 9 39 129+ 6.0 12.23 (11.1, 13.4) 09+1.0
Year 10 41 126+45 12.27 (11.1, 13.5) 0911
5-year cohort

Baseline a7 26.5+10.3 2711
Year 1 47 104 +4.1 10.17 (8.9, 11.4) 09+0.9
Year 2 45 10.8+4.8 10.25 (9.1, 11.4) 09+0.9
Year 3 46 11.2+44 10.33 (9.2, 11.5) 09+0.9
Year 4 41 108+ 44 10.41 (9.2, 11.6) 09+1.0
Year 5 40 10.3+4.0 10.48 (9.2, 11.8) 09+1.0
OHDQ ,23 GXULQJ IROORZ XS HVWLPDWH DQG FRQ GHQFH LQWHUYDO

analysis and mean number of IOP-lowering medications

Table 4: Visual Acuity

10-year cohort 5-year cohort
logMAR Snellen>0.5 (20/40) logMAR Snellen>0.5 (20/40)
Visit mean = SD % (n) meant SD % (n)
Baseline 1.20+1.04 10.5% (8) 0.74+0.82 36.2% (17)
Year 1 1.12+1.09 0.92+0.94
Year 5 1.00+1.08 14.5% (11) 0.90 £ 0.97 21.3% (10)

Year 10 153+1.14 12.5% (7)
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Figure 1. Mean IOP during follow-up and mean number of IOP-lowering medications. Shaded area corresponds
WR WKH FRQ GHQFH LQWHUYDOV ORGHO EHVW W UHVXOWY DUH S|

Complications and additional surgical procedures

,Q RXU ORQJ WHUP DQDO\VLVY VHYHUH FOLQLFDO FRPSOLFD
follow-up were summarized in table 5. Furthermore, the additional surgical procedures that were
undertaken after occurrence of complications were listed in the second half of table 5. Corneal
GHFRPSHQVDWLRQ RFFXUUHG LQ Rl WKH H\HV LQ ERWK WKH
S5HYLVLRQV RI WKH %*, ZHUH GRQH LQ RI WKH H\HV LQ WKH
WKH VHFRQG YH \HDUV 7KH PRVW I[UHTXHQWO\ SHUIRUPHG VX
tube replacement or re-patching of the tube (after erosion of overlying conjunctiva and Tenon’s
FDSVXOH +\SRWRQ\ ZDV REVHUYHG LQ QHDUO\ LQ WKH UV
revisions and ligations were performed in the 5-year cohort. Enucleation or evisceration, for
SDLQIXO EOLQG H\HV ZDV SHUIRUPHG LQ RlI FDVHV LQ WKF
second 5 years of follow-up.
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Table 5: Complications and additional procedures

Cohort

5-year 10-year
Period (0-5y) (0-5y) (5-10y)
Complications
Corneal decompensation 8.5% (4) 7.9% (6) 5.4% (3)
Retinal detachment 0.0% (0) 0.0% (0) 0.0% (0)
Tube erosion 0.0% (0) 1.3% (1) 0.0% (0)
Conjunctiva defects 0.0% (0) 1.3% (1) 0.0% (0)
Hypotony 0.0% (0) 2.6% (2) 0.0% (0)
Choroidal detachment 2.1% (1) 0.0% (0) 0.0% (0)
Suprachoroidal haemorrhage 0.0% (0) 0.0% (0) 0.0% (0)
Cystoid macular edema 0.0% (0) 1.3% (1) 1.8% (1)
Pthisis bulbi 2.1% (1) 3.9% (3) 0.0% (0)
Diplopia 2.1% (1) 0.0% (0) 0.0% (0)
Endophthalmitis 0.0% (0) 0.0% (0) 0.0% (0)
Additional surgical procedures
Tube revision 4.3% (2) 10.5% (8) 0.0% (0)
Tube ligation 0.0% (0) 2.6% (2) 1.8% (1)
Tube patch graft 0.0% (0) 1.3% (1) 0.0% (0)
Explantation 0.0% (0) 1.3% (1) 0.0% (0)
Corneal transplant 0.0% (0) 3.9% (3) 1.8% (1)
Enucleation/Evisceration 0.0% (0) 5.3% (4) 5.4% (3)
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DISCUSSION

The aim of this study was to evaluate the long-term effects of the BGI. An advantage was

that we were able to retrieve the data of most of the patients. The reason for this is that most
patients were followed at the university hospital, relatively few were referred back to their initial

hospital. To show that the population included in this study was not different from any other

DQG WKDW SRVVLEOH ELDV ZDV UHGXFHG WR D PLQLPXP WKH
compared to the 5-year cohort. Our study demonstrated sustained and stable long-term I0P

results after BGI implantation. Mean IOP dropped substantially, from values around 30 mmHg

WR WKH ORZ WHHQV S PP+J ZLWK VLJIQL FDQWO\OI—B/V
after 10 years of follow-up.

$IWHU \HDUV WKH ,23 UHPDLQHG DOPRVW DW WKH VDPH OF
PRGHOLQJ UHVXOWHG LQ DQ ,23 LQFUHDVH LQ RI PP+J SI
(p=0.5970). That equals an increase of 0.7 mmHg of IOP in 10 years.

In this study, all consecutive patients undergoing BGI implantation were included, without a
VSHFL F SDWLHQW VHOHFWLRQ 7KLV FUHDWHG D XQLTXH RS:
world long-term data from patients with a BGI, in a common ophthalmic practice environment.

However, the majority of patients included in this study had refractory glaucoma. Alternative
WUHDWPHQW RSWLRQV IRU WKHVH SDWLHQWY ZHUH YHU\ OLPL
outcome of the study. With the gaining popularity of the BGI for less advanced cases, general
long-term results may be further improved. Although the differences between our two study

cohorts were not statistically different after 5 years, there were small differences that may

UH HFW WKLV VORZO\ FKDQJLQJ LQGLFDWLRQ IRU HDUOLHU W?>

Another limitation of this study is its retrospective nature. Although we were able to retrieve
most results, we may have missed data and further in-depth interpretation of data is not possible.
As we assume that patients who were followed elsewhere had satisfactory results, this may also
KDYH QHIJDWLYHO\ LQ XHQFHG RXU VWXG\ UHVXOWYV

As the focus of this study was on long-term effects and complications (the long-term survival

of the BGI), the comparison between preoperative and postoperative IOP was therefore not
DSSURSULDWH 7KH VDPH UHDVRQ DSSOLHWW®WKK H HD UK)\\S RRWH
GXH WR LQVXI FLHQW WXEH OLIJDWLRQ DQG WKH FRPSOLFDWL
retinal detachment). Other frequent complications however, such as corneal decompensation,
VHOGRPO\ RFFXU ZLWKLQ WKH UVW \HDU RI IROORZ XS $GGL
WKH %*, LQ WKH UVW SRVWRSHUDWLYH \HDU KDV EHHQ DQDO\
by now [17].
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Several glaucoma drainage device studies with long-term results usually report 5 years follow-up

and compared the Ahmed device with the BGI. The study by Purtskhvanidze [18] had a follow-

up of 10 years and longer and a similar inclusion period (2001-2014) as our study. In their

VWXG\ VXFFHVV IRU JODXFRPD FRQWURO ZDV GH QHG DV D SRV
mmHg with or without application of IOP-lowering medications. They reported glaucoma to be

controlled in 86, 79, and 73% of eyes at 1, 5 and 10 years, respectively. The mean preoperative

IOP was 30.8 + 6.9 mmHg and decreased to 14.3 + 5.4 mmHg at last postoperative follow-up.

Although the preoperative IOP levels are comparable with ours, the 10 years IOP follow-up

values are higher.

Christakis [11] reported a mean IOP reduction after 5 years from 31.814.8 mmHg at baseline

to 13.2+ 4.7 mmHg, with a mean number of IOP-lowering medications of 5.4 in a pooled
data analysis of a BGI comparison study. These 5 years postoperative values correspond with
ours.

In the Tube versus Trabeculectomy studjp], IOP decreased after 5 years from 25.1 + 5.3
mmHg preoperatively to 14.4 + 6.9 mmHg postoperatively, with 1.4 + 1.3 medications. These
IOP values are slightly higher than our 5-year results, with a lower baseline value.

A recent study of Islamaf19] comparing primary BGI versus primary trabeculectomy showed

in the BGI eyes a mean IOP rate of 12.9 + 3.9 mmHg after 5 years of follow-up, and similar

results in the trabeculectomy patients. These IOP valuaDWFK WR WKH QGLQJV RI RXU
the Primary Tube Versus Trabeculectomy Study [2] the mean IOP after 3 years was 14.0 + 4.2

mmHg, with 2.1 + 1.4 glaucoma medications. This IOP level is higher than in our study, with a

much lower baseline IOP (23.3 £ 4.9 mmHg with 3.1 £ 1.1 medications).

The mean baseline VA of 1.20 logMAR implies that our patients already had a low VA, a loss of

more than 2 lines Snellen was therefore less relevant for this category of patients. In TVT study

the mean VA at baseline was 0.20 + 0.42, which is much better than in our study at enroliment.
$GGLWLRQDOO\ EHFDXVH RI WKH ORZ YLVRQ RI PRVW RI RXU SD
SHUIRUPHG DQ\PRUH $QDO\VLV RI YLVRDG GRPE SHRHYBDDW R
study.

In the Tube versus Trabeculectomy stud$], a total of 22 (16%) late postoperative complications,

occurring after more than 1 month, were seen in the tube group. The most commonly observed
late complications in that study were corneal decompensation, diplopia, tube erosion and cystoid
macular edema. In our study, corneal decompensation was the most frequent complication.
Additionally, we observed a few cases with hypotony, choroidal detachment, and diplopia.
Hypotony after BGI implantation is a feared complication that has also been demonstrated in
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other studies [10, 11, 20]. Phthisis bulbi occurred in 3 eyes of the 10-year cohort and in one eye
of the 5-year cohort. These eyes already had poor vision and progressed to blindness during
follow-up. As mentioned before, at the time they had surgery, no other treatment options were
feasible for these patients to rescue their vision.

In conclusion, the BGI demonstrates sustained control of IOP for up to 10 years after

implantation. The IOP at 5-year follow-up as demonstrated in our study can be predicted to

be between 12 and 13 mmHg, with on average less than one topical IOP-lowering medication.
7KHVH QGLQJV DUH FRQ UPHG E\ IRUPHU VWXGLHV 7KH \HD
YDOXHVY ZLOO UHPDLQ VWDEOH LQ WKH VHFRQG KDOI RI WgH |
YH \HDUV &RUQHDO GHFRPSHQVDWLRQ LV WKH PRVW FRP Q

7



Chapter 5

REFERENCES

1. EGSTerminology and guidelines for glaucoma, 5th Ed20®20: European Glaucoma Society
Gedde, S.J., et alreatment Outcomes in the Primary Tube Versus Trabeculectomy Study after 3 Years of
Follow-up Ophthalmology, 2020127 (3): p. 333-345.

3. Molteno, A.C., et along-term results of primary trabeculectomies and Molteno implants for primary open-
angle glaucoma@rch Ophthalmol, 2011129(11): p. 1444-50.

4. Budenz, D.L., et aRostoperative Complications in the Ahmed Baerveldt Comparison Study During Five
Years of Follow-upm J Ophthalmol, 2016163: p. 75-82 e3.

5. Gedde, SJ.,etaBBRVWRSHUDWLYH FRPSOLFDWLRQV LQ WKH 7XEH 9HUVXV 7L
years of follow-ugdAm J Ophthalmol, 2012153(5): p. 804-814 el.

6. Tseng, V.L.,etabBTXHRXV VKXQW CotlRde Dateb¥deSysDRev, 2017. p. CD004918.

7. Gedde, S.J., et altreatment Outcomes in the Primary Tube Versus Trabeculectomy Study after 1 Year of
Follow-up Ophthalmology, 2018125(5): p. 650-663.

8. Tan, A.N., et aBaerveldt drainage tube motility in the anterior charioerd Ophthalmol, 201424 (3):
p. 364-70.

9. Levinson, J.D., et aGlaucoma drainage devices: risk of exposure and infaatidnOphthalmol, 2015.
160(3): p. 516-521 e2.

10. Budenz, D.L., et aFive-year treatment outcomes in the Ahmed Baerveldt compariso@gtitiglmology,
2015.122(2): p. 308-16.

11. Christakis, P.G., et akjve-Year Pooled Data Analysis of the Ahmed Baerveldt Comparison Study and the
Ahmed Versus Baerveldt Studiyn J Ophthalmol, 2017176: p. 118-126.

12. Fellman, R.L., et alAmerican Glaucoma Society Position Paper: Microinvasive Glaucoma Surgery.
Ophthalmol Glaucoma, 20203(1): p. 1-6.

13. Tuzzio, L.,etal3UDJPDWLF FOLQLFDO WULDOV RIIHU XQLTXH RSSRUWXQLW
sustaining evidence-based practices into clinical care: Proceedings of a WgkithogfAmst), 2019.
7(1): p. 51-57.

14. Tan, A.N., et alQutcomes of severe uveitic glaucoma treated with Baerveldt implant: can blindness be
preventedActa Ophthalmol, 201896(1): p. 24-30.

15. Bates, D., et alKitting Linear Mixed-Effects Models Using Irdedtnal of Statistical Software, 2015.
67(1): p. 1-48.

16. Villanueva, R.A.M. and Z.J. Chegplot2: Elegant Graphics for Data Analysis, 2nd editgasurement-
Interdisciplinary Research and Perspectives, 20197 (3): p. 160-167.

17. Gedde, SJ.,etal,YLGHQFHG EDVHG FRPSD Udux RN Rphtbalmol FOX324Y2K X Q W V
p. 87-95.

18. Purtskhvanidze, K., et aLong-term results of glaucoma drainage device s@iyOphthalmol, 2019.
19(1): p. 14.

19. Islamaj, E., R.J. Wubbels, and P.W.T. de Wéarthary baerveldt versus trabeculectomy study after 5 years
of follow-upActa Ophthalmol, 202098(4): p. 400-407.

20. Wang, Y.W., et alComparison of the Ahmed glaucoma valve with the Baerveldt glaucoma implant: a meta-
analysisBMC Ophthalmol, 2015.15: p. 132.

78









CHAPTER 6

Baerveldt implant for secondary
glaucoma due to iris melanoma

Annelie N Tan

Juliette GMM Hoevenaars
Carroll AB Webers

Bertil Damato
Henny JM Beckers

Clinical Ophthalmology. 2010;4:407-409



Chapter 6

ABSTRACT

Background

Proton beam therapy (PBT) is effective in the treatment of iris melanoma. Reported
complications after PBT are radiation-induced cataract and raised intraocular pressure (I0P).
Filtering glaucoma surgery has generally been avoided because of fears of seeding.

Case report

A 37-year-old man presented with a self-discovered, pigmented lesion on his right iris. Four

years later, the pigmented lesion was diagnosed as an iris melanoma, because of documented

growth. The patient was treated with PBT but developed secondary glaucoma one month

later. The IOP could not be controlled despite maximal medical therapy and selective laser
trabeculoplasty (SLT). Finally, Baerveldt implant surgery was performed, resulting in an 10P
ORZHULQJ WR PP+J DQG VWDELOL]DWLRQ RI WKH JODXFRPDWR

Conclusion

Our case demonstrates that Baerveldt implant surgery is a reasonable therapy for glaucoma
following successful radiotherapy of iris melanoma.
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INTRODUCTION

Iris melanoma comprises 3% to 10% of all uveal melanomas and is the most common primary
malignancy of the iris. [1,2] It tends to have a ten-year metastasis rate of 3% to 6%. Ae8§ible
therapies for iris melanoma include iridectomy, iridocyclectomy, plaque brachytherapy, proton

beam therapy (PBT), and enucleation. PBT is generally selected if the tumor is too extensive for
surgical excision or if such surgery is rejected because the surgical iris coloboma is expected to
FDXVH XQDFFHSWDEOH SKRWRSKRELD RU FRVPHWLF GH FLW

The main complications after PBT are radiation-induced cataract and raised IOP. Trabecular

scarring may play a role in the latter. [4] Secondary glaucoma occurs in 7% of eyes with untreated

LULVY PHODQRPD DQG LQ RI SDWLHQWYV ZLWK PLFURVFRSLFCL
PRVWO\ EHFDXVH RI WXPRU LQ OWUDWLRQ RI WKH WUDEHF@OD
7UDGLWLRQDOO\ OWHULQJ JODXFRPD VXUJHU\ KDBHEBN@H YRL
of fears that such aqueous drainage might encourage subconjunctival or intraorbital tumor

seeding. [2,3] Nevertheless, insights into the biology of uveal melanomas and outcome studies

after PBT encouraged us to treat a patient with a Baerveldt tube implantation because of rapidly
deteriorating vision and uncontrollable glaucoma.

Case report

A 37-year-old man discovered a pigmented iris lesion in his right eye. The best corrected visual
acuity (BCVA) was 6/6. Ophthalmologic examination showed a pigmented iris lesion between
the 5.30 and 6.30 o’clock meridians with a basal diameter of 3.5 mm and a thickness of 1.4 mm.
Gonioscopy showed pigment deposition in the inferior and nasal parts of the iridocorneal angle.
The I0P was 25 mmHg. Ultrasonography showed no involvement of the ciliary body. The left
eye was normal. Initially, the tumor showed no growth; however, four years after presentation,
the iris lesion had changed to a diffuse tumor, extending from the 4.30 to 6.30 o'clock meridians
with seeding onto the iris surface from the 3.30 to 7.00 o’clock meridians. The pupil also became
RYDO JXUH D *RQLRVFRS\ VKRZHG SLJPHQW GHSRVLWLRQ L
1.00 and 10.00 o'clock meridians. The BCVA decreased to 6/7.5. The patient refused a biopsy
for histological examination.

Because of documented growth, the tumor was diagnosed as an iris melanoma. The entire

anterior segment was treated with PBT (53.1 Gy, administered in four fractions over four days).

2QH PRQWK ODWHU JXUHV E DQG F WKH SDWLHQW GHYHOR:
XFWXDWLQJ EHWZHHQ DQG PP+J GHVSLWH PD[LPDO PHGL

normal cupping. SLT was performed, placing 25 shots with a total energy of 15 mJ in the nasal

quadrant. The IOP decreased slightly but only transiently.
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Further treatment of the temporal quadrant did not lead to a reduction of IOP. Meanwhile, the
RSWLF GLVF FXSSLQJ KDG EHFRPH SDWKRORJLFDO DQG JODXFRF
from mild loss to very extensive loss within two months. Since the patient was keen to preserve
the remaining vision in this eye, despite advice about a possible risk of extraocular spread, we

QDOO\ SODFHG D %DHUYHOGW WXEH LQ WKH DQWHULRU FKDPE'
to 13 mmHg. After one year of follow-up, the IOP was stable at 10 mmHg with the additional
XVH Rl GRU]JRODPLGH DQG WLPRORO 7KH YLVXDO HOG VKRZHG
was 6/15. The patient declined systemic screening for metastasis; however, he remains under
intensive ophthalmic surveillance.

JLIXUH 60LW ODPS JXUHV )LIJXUH D VKRZV WKH LULV OHVLRQ ZKHQ
shows the lesion after PBT. Figure 1c shows the lesion after PBT. Figure 1d shows the Baerveldt tube in
the temporal/superior quadrant
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Figure 2. A Visante OCT scan showing the Baerveldt tube in the anterior chamber on the left.
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DISCUSSION

6HFRQGDU\ JODXFRPD DIWHU 3%7 IRU LULVY PHODQRPD FDQ EH GL!|
[7] We report successful lowering of the IOP in such a case by using a Baerveldt glaucoma

implant. To our knowledge this approach has not been reported previously. As a rule, drainage

surgery is avoided after treatment of iris melanoma, probably because of concerns that tumor

FHOOV PLJKW VHHG WKURXJK WKH GUDLQDJH VWXOD DQG PHWD

Therefore, we initially attempted to lower the IOP by SLT. Insights from genetic studies on uveal
melanomas suggest, however, that these tumors metastasize almost exclusively if they show

ORVV RI FKURPRVRPH RU FODVV ,, JHQH H[SUHVVLRQ SUR OH
metastasis starts at a very early stage, before the patient even presents to the ophthalmologist.

[10] For these reasons, there are now considerable doubts that glaucoma drainage surgery

would enhance risks of metastasis spread to the rest of the body by providing an exit route

from the eye.

Another concern is that the iris melanoma can recur and seed through the tube into the
VXEFRQMXQFWLYDO DQG RUELWDO WLVVXHYVY :‘H FRQVLGHU WKH
tumor recurrence is rare after PBT and, secondly, because the tumor was located far from the
LQWHUQDO RSHQLQJ RI WKH WXEH JXUH G ,Q DQ\ FDVH WKH
that appropriate treatment can be administered without delay in case of re-growth of the tumor.

Further studies with more patients and long-term follow-up are indicated to evaluate the safety

DQG HI FDF\ RI WKH %DHUYHOGW JODXFRPD LPSODQW IRU WKH W
PBT for iris melanoma.
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ABSTRACT

Purpose
7R HYDOXDWH ORQJ WHUP RXWFRPHV RQ HI FDF\ DQG VDIHW\ RI
a Baerveldt glaucoma implant (BGI).

Methods

A retrospective study of 47 eyes of 47 patients with uveitic glaucoma treated by a BGI
between September 2002 and September 2015. Main outcome measures were intraocular
pressure (IOP), number of glaucoma medications, course of the uveitis, visual acuity (VA) and
complications.

Results

Mean 0P dropped from 30.6 + 8.1 mmHg with 3.6 + 1.1 glaucoma medications at baseline to

10.6 £ 4.3 mmHg with 1.0 + 1.3 glaucoma medications after a mean follow-up of 63.6 _ 43.1

months. In the majority of cases, IOP remained stable during follow-up. However, especially

LQ VHYHUDO SDWLHQWYV ZLWK YLUDO XYHLWLY HSLVRGHV ZLWK
despite a functioning implant. These peaks remained below preoperative levels. During follow-

XS SDWLHQWYV H[SHULHQFHG D FOLQLFDOO\ VLJQL FDQW !
glaucoma or hypotony maculopathy. Early postoperative complications were transient aidal
HITXVLRQ Q VKDOORZ DW DQWHULRU FKDPEHU Q K\SK

haemorrhage (n = 1). The most important late postoperative complication was hypotony
maculopathy (n = 5), three of these in juvenile idiopathic arthritis (JIA) patients.

Conclusion
The BGl is an effective and safe treatment for patients with refractive secondary glaucoma due
to uveitis. In a majority of patients, VA remains stable and a low and stable IOP is maintained
over time with an acceptable number of complications. In particular, patients with viral uveitis
and glaucoma should be closely monitored for IOP peaks that may occur during episodes of a
DUH XS RI XYHLWLV ZKHUHDV DW WKH RWKHU HQG RI WKH VSHF'
prone to hypotony maculopathy.
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INTRODUCTION

Despite its relative rareness, uveitis can lead to sight-threatening complications. Approximately
10% of uveitis patients will ultimately become blind. The most serious sight-threatening
complication is glaucoma: 10—-30% will develop secondary glaucoma, and eventually, one-third
of patients with uveitic secondary glaucoma will become (severely) visually impaired or (in
the worst scenario) blind. Juvenile idiopathic arthritis (JIA), Fuchs heterochromic cyclitis and
herpetic uveitis have even higher reported rates of secondary glaucoma development [1-5].
Longterm corticosteroid treatment may be needed to control the uveitis but can also lead to
uncontrollable high IOP.

7KH EDODQFH EHWZHHQ XYHLWLY DFWLYLW\ DQG ,23 ULVH LV |
Medical treatment fails in approximately 25% of patients with uveitic glaucoma. These patients

QHHG VXUJLFDO WUHDWPHQW WR FRQWURO ,23 > @ 7UDEHEF
VXFK DV PLWRP\FLQ & RU XRURXUDFLO KDV D SRRU RXWI?QPI

+RZHYHU HYHQ ZLWK DQWL EURVLY PHGLFDWLRQ UHSRUWH
UDQJLQJ IURP WR DW \HDUV > @ 3RVWRSHUDWLYH
VXFFHVV JUHDWO\ DV EURVLV GHYHORSV PRUH BDSURXP LQ L
control of uveitis before surgery is warranted, and after surgery, careful suppression of the
SRVWRSHUDWLYH LQ DPPDWLRQ LV HIWUHPHO\ LPSRUWDQW IR
implants have become an important surgical alternative to treat secondary glaucoma.

Although these implants have initially only been used after failed trabeculectomy, in case of

uveitic glaucoma they are increasingly used as a primary surgical procedure [15]. Theethrost

frequently used glaucoma drainage implants are the Ahmed valve glaucoma implant (New World
Medical, Rancho Cucamonga, CA, USA), the Molteno glaucoma implant (Molteno Ophthalmic

Ltd., Dunedin, New Zealand) and the BGI (Abbott Medical Optics Inc., Santa Ana, California,

USA). Studies reporting on the outcome of the BGI for uveitic glaucoma are scarce. Because of

its larger plate surface area, this implant may be more successful for IOP control on the long
WHUP FRPSDUHG WR WKH VPDOOHU LPSODQWY WKDW PD\ IDLO
scarring.

7KH DLP RI WKLV VWXG\ ZzDV WR HYDOXDWH ORQJ WHUP HI FDF
uveitic glaucoma, in relation to the course of their uveitis.
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PATIENTS AND METHODS

A retrospective study for which we reviewed the medical charts of all patients diagnosed with

(chronic) uveitis and treated with a BGI in the period between September 2002 and September

2015 at the University Eye Clinic Maastricht, the Netherlands. In case of bilateral uveitic

JODXFRPD WKH UVW RSHUDWHG H\H ZDV LQFOXGHG LQ WKH DQD
PRQWKY ZHUH LQFOXGHG $00 SDWLHQWYV JDYH WKHLU FRQVHC

research. The study was conducted according to the principles of the Declaration of Helsinki

(WMA, Brazil, October 2013).

The following data were collected: 10P, topical and systemic medications (prior to and
after surgery), VA, visual fields (VF) when available, complications and subsequent ocular
surgery. These data were collected at baseline (with baseline IOP as the mean IOP of two
visits prior to surgery), 1, 3 and 6 months postoperatively and every year thereafter. Data
on demographics, cause of uveitis, history of ocular surgeries, size of BGI and placement
of the tube were collected as well. If patients were no longer followed in our clinic, the
referring ophthalmologist was contacted to obtain data, after having received the patients’
permission.

Surgical technique

$ OLPEDO RU IRUQL[ EDVHG FRQMXQFWLYDO DS ZDV PDGH LQ V
mm2 or 350-mm2 plate BGI was placed 10 mm from the limbus, the 350 mm2 with its wings
underneath the lateral and superior rectus muscles. The plate was secured to the sclera with
two nylon 8 x 0 sutures (Ethicon — Johnson & Johnson, Somerville, NJ, USA). The tube was
sutured to the sclera with one nylon 8 x 0 suture and tied off with a Vicryl 7 x O suture (Ethicon
— Johnson & Johnson). In case IOP lowering was immediately needed, one or two venting slits
were made, or an orphan trabeculectomy was created. The anterior chamber was entered with
a 23-G needle after which the Baerveldt tube was inserted close and parallel to the iris, with a
preferred intraocular tube length of 3 mm. Several tubes (especially in more narrow anterior
chambers) were placed transiridially through a peripheral iridectomy to secure a stable position
and to prevent corneal endothelial cell loss [16, 17].

In three cases, a pars plana approach was chosen. Before closing the conjunctiva watertight with
a running Vicryl 7 x 0 suture, the extraocular part of the tube was patched with donor sclera and
sutured to the underlying sclera with four interrupted Vicryl 7 x O sutures. Postoperative topical
antibiotics were given for 10 days, and topical steroids (dexamethasone or prednisolone acetate)
were started 4—6 times daily and slowly tapered over a period of 8—-12 weeks.
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However, in most cases steroids were permanently continued bid or gd to control the
XQGHUO\LQJ XYHLWLV ,I| GHHPHG QHFHVVDU\ EHFDXVH RI VHY|
added in the postoperative hypertensive phase. If patients were on oral immunosuppressive

drugs preoperatively (e.g. methotrexate, prednisolone, adalimumab or infliximab), these

were continued postoperatively at the discretion of the prescribing physician. If necessary,
postoperative glaucoma medication was added to reach target IOP.

Outcome measures

Main outcome measures were I0OP, number of postoperative glaucoma medications, VA loss,
SURJUHVVLRQ RI 9) ORVV FRPSOLFDWLRQV DQG XYHLWLV DFW
ZHUH XVHG SRVWRSHUDWLYH ,23 RI PP+J DQG PP+J RU
a minimal IOP reduction of 30% from baseline.

J)DLOXUH ZDV GH QHG DV WZR FRQVHFXWLYH VWXG\ YLVLWV ZlL
RU ZLWKRXW JODXFRPD PHGLFDWLRQ TXDOL HG VXFFHVV }
visit considered as the moment of failure. Total loss of vision, additional glaucoma surgery and

removal of the BGI were also considered failures.

Statistical analysis

A linear mixed-model analysis (LMM) was used to analyse IOP, glaucoma medication, VA, VF
SURJUHVVLRQ DQG WRSLFDO VWHURLGY 7KH\ ZHUH HDFK WW
factor and assuming a random intercept per eye. Success rates were determined by the Kaplan—
OHLHU VXUYLYDO PHWKRG $ S YDOXH RI RU OHVV ZDV FRQV
VA was also compared to VA at the last recorded visit to determine whether patients had a
FOLQLFDOO\ VLJQL FDQW ORVV RI 9% &OLQLFDOO\ VLJQL FDC
LogMAR from baseline [18]. The medical charts of these patients were analysed in more detail

to provide an explanation.
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RESULTS

Forty-seven eyes of 47 patients, mean age 51.8 + 16.6 years, 57% male, and 49% right eyes,

with a mean follow-up of 63.6 +43.1 months (range 6—144 months) were included. From these,

WZHOYH SDWLHQWYV KDG ELODWHUDO XYHLWLY ,Q WZR SDWLHQ\V
operated eye was included in the study. Demographic data are shown in table 1.

A majority (72%) of patients had a history of one or more ocular surgeries: 70% cataract surgery,

28% one or more trabeculectomies (range 1-3), 21% pars plana vitrectomy, 9% encircling band
and scleral buckle and one (2%) penetrating keratoplasty (PKP). The most important causes of
uveitis were idiopathic (28%), Fuchs heterochromic iridocyclitis (17%), sarcoidosis (15%) and

JIA (7%).

The tube was placed in the anterior chamber in 43 cases, of which 10 tubes were placed
transiridial. In three eyes, a pars plana approach was chosen: in one case, the tube was placed
in the ciliary sulcus. In two cases, an orphan trabeculectomy was performed. Three patients
received a 250-mm2 Baerveldt plate, once because of inadequate conjunctiva quality, twice
because of the diagnosis JIA. All surgeries were performed by a single surgeon (HB).

IOP and glaucoma medication

Mean IOP dropped from 30.6 + 8.1 mmHg at baseline to 10.6 + 4.3 mmHg (65% reduction) at

WKH ODVW IROORZ XS YLVLW S SDLUHG W WHVW JXUH
ZHUH H[FOXGHG IURP WKLV DQDO\VLY 6HYHQW\ QLQH SHU FHQ
PP+J DQG PP+J ,23 NHSW GHFUHDVLQJ VLIQL FDQWO\ XQWLO
/00 7KHUHDIWHU QR IXUWKHU VLJQL FDQW UHGXFWLRQ ZDV UH
number of glaucomamedications decreased from 3.6 £1.1 at baseline to 1.0 £1.3 at the last

IROORZ XS YLVLW S SDLUHG W WHVW ZLWK RI SDWLHQ\
XVH GHFUHDVHG VKDUSO\ XQWLO WKH WKLUG SRVWRSHUDWLYH
VWDWLVWLFDOO\ QRQVLJIJQL FDQW WHQGHQF\ IRU D IXUWKHU UH (
glaucoma medications postoperatively compared to preoperatively, 40% used fewer topical

medications, and the remaining 7% used the same number of topical medications but were off

oral acetazolamide.

Until the third postoperative month, there was a high need for topical steroids. In three patients
ZLWK VLIJQL FDQW RFXODU LQ DPPDWLRQ RUDO SUHGQLVRORQH
WKH LQ DPPDWLRQ VXEVLGHG ,Q VHYHQ H\HV GHVSLWH WKH %*
mean |IOP over the years) kept occurring during bouts of uveitis: four (57%) with viral uveitis
(HSV, CMV and rubella), one with Bartonella and two with idiopathic uveitis. In the other eyes,
,23 UHPDLQHG ORZ DQG VWDEOH ZLWK OLWWOH XFWXDWLRQ RY
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Figure 1

Mean IOP and mean number of glaucoma medications over a period of 10 years.

a Patients with hypotony maculopathy were excluded. 7
bOral glaucoma medication was counted as one extra medication.

Success rate

'LWK DQ XSSHU OLPLW RI PP+J TXDOL HG VXFFHVV IRU DQ
DQG &, a UHVSHFWLYHO\ JXUH 7KH UHDVI
of follow-up in this group were hypotony maculopathy (n = 5), loss of light perception (n = 4)
DQG UHPRYDO RI WKH LPSODQW Q :LWK DQ XSSHU OLPLW
87% (95% CI: 0.77-0.97) and 74% (95% CI: 0.59-0.89), respectively. With an upper limit of
PP+J WKH TXDOL HG VXFFHVV UDWH GURSSHG WR &,
0.35-0.67).

Uveitis disease activity and systemic medication

Seventeen patients (36%) used systemic immunosuppressive agents preoperatively to
FRQWURO WKHLU XYHLWLY DQG RU XQGHUO\LQJ GLVHDVH 6L]
PHWKRWUH[DWH RQH LQ L[LPDE DQG WZR DF\FORYLU WDEOH
YH RWKHU SDWLHQWYV ZHUH WUHDWHG ZLWK RUDO VWHURLGYV
SUHYHQW D DUH XS

One patient started with adalimumab postoperatively and once valacyclovir was given. Thus, a
total of 24 patients (51%) used systemic immunosuppressive or antiviral agents postoperatively:
11 (46%) used corticosteroids, 10 (42%) used biologicals, and three (13%) used antiviral
medication. Additionally, in most cases topical steroids were used as a maintenance therapy

DW \HDU KRZHYHU H[SHULHQFHG D DUH XS ZLWKLQ W
steroids 4—6 times a day (none of them had viral uveitis).
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2YHU WKH QH[W \HDUV WKH \HDUO\ DUH XS UDWH XFWXDWHG
stable in these eyes despite the high topical steroid use, with the exception of patients with
YLUDO XYHLWLY ZKR VWLOO KDG ,23 XFWXDWLRQV ZLWK SHI
immunosuppressive agents, only two with viral uveitis and one with Bartonella experienced

ODUJH ,23 XFWXDWLRQV

systemic medication.

Table 1

Demographic characteristics

7KXV WKH RWKHU YH SDWLHQWYV ZL

b n (%)
Patients 47
Male 27 (57)
Female 20 (43)
Eyes 47
Right 23 (49)
Left 24 (51)
Age

Mean = SD, yrs 51.8 + 16.6
Range, yrs 15-83
Follow-up

Mean + SD, months 63.6 £ 43.1
Range, months 6—144
Cause of uveitis

Unknown 14 (30)
Fuchs uveitis syndrome 8 (17)
Sarcoidosis 6 (13)
JIA 4(9)
Bechterew’s disease 3(6)
HSV 4(9)
Syphilis 1(2)
Polyarthritis 1(2)
Rheumatic disorder 1(2)
UGH syndrome 1(2)
Bartonella 1(2)
Cytomegalovirus 1(2)
Sarcoidosis + Bechterew 1(2)
Rubella 1(2)
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Table 1

Continued

b n (%)
Lens status

Phakic 14 (30)
Aphakic 3(6)
Pseudophakic 30 (64)
Previous glaucoma surgery

No. of patients with a TE 13 (28)
1xTE 11 (23)
2xTE 12
3XTE 1(2)
Previous other surgery

Pars plana vitrectomy 10 (21)
Encircling band 4(9) 7
Cataract surgery 33 (70)
Penetrating keratoplasty 1(2)
Type of BGI

350 mn? 41 (87)
250 mnv 3(6)
Pars Plana 350 mrh 3(6)

SD-standard deviation; JIA juvenile idiopathic arthritis; HSV herpes simplex virus; TE trabeculectomy; BGI
Baerveldt glaucoma implant.

9LVXDO DFXLW\ 9% DQG YLVXDO HOG SURJUHVVLRQ

8VLQJ PL[HG PRGHO DQDO\VLY D VWDWLVWLFDOO\ VLJQL FDQ\
(p =0.022). Mean VA loss after 9 years was 0.86 LogMAR (95% CI: 0.12—-1.60). At the last follow-

up visit, VA had remained stable in 23 patients and was improved in eight patients after cataract
VXUJHU\ DV FRPSDUHG WR EDVHOLQH 6L[WHHQ SDWLHQWV
loss at the last follow-up visit (table 3), starting after a mean follow-up of 41 £32 months. From

these, four ultimately went blind. Three patients were preoperatively already severely visually

impaired (ranging from hand motion to light perception in late-stage glaucoma). The fourth

eye went blind from a postoperative suprachoroidal haemorrhage. The main reasons for VA
deterioration for the other patients were hypotony maculopathy (n = 5), progressiai VF

loss despite a stable control of IOP in late-stage glaucoma (n = 4), and exacerbations of uveitis

with uncontrolled IOP (n = 3; twice HSV uveitis, once Bartonella). One eye had a postoperative
exacerbation of idiopathic uveitis for which oral steroids were started, and this is probably the
UHDVRQ RI 9% ORVV KRZHYHU QR ,23 XFWXDWLRQV ZHUH UF
reason could be found. All 16 patients were pseudophakic (n = 13) or aphakic (n = 3).
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Figure 2
&XPXODWLYH TXDOL HG VXFFHVV UDWHV
4XDOL HG VXFFHVV ZDV GH QHG DV DQ ,23 u PP+J DQG e RU PP+

IURP EDVHOLQH ZLWK RU ZLWKRXW JODXFRPD PHGLFDWLRQV DQG ZLW
perception or removal of the implant.

Table 2

Systemic medication at baseline

n (%)
Oral prednisolone 6 (13)
,Q L[LPDE 1(2)
Adalimumab 5(11)
Methotrexaat 3(6)
Acyclovir 2(4)
Total number of patients 17 (36)

Twenty-two patients had at least one preoperative maximum 12 months before surgery)
and two postoperative VF tests with the 30-2 protocol of the Humphrey VF analyser
(HFA; Carl Zeiss Meditec, Jena, Germany). Due to the differences in postoperative time
of the VF testing for these patients, the postoperative period was divided into periods of
2 years. Mean preoperative mean deviation (MD) for these patients was -13.25 (95%Cl:
-16.73 10 -9.76). The MD dropped to -15.76 (95% CI: -20.75 to -10.78) during the first two
postoperative years. During the two consecutive postoperative years thereafter, the MD
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remained relatively stable with a mean of -15.98 (95%CI: -20.90 to -11.05). After 4 years
of follow-up, only nine patients had at least one VF test. However, the difference between
preoperative and postoperative VF tests was never significant (LMM, p > 0.275).

Table 3

Visual acuity at baseline and at last visit

Baseline (n = 47) Last visit (n = 47)

Mean VA (LogMAR) 0.60 + 0,66 0.90 +1.20
VA range (LogMAR) 0.00 -3.20 -0.08 - 3.51
b n (%)
Better VA? 8 (17%)
Same VA 23 (49%)
Worse VA 16 (34%)
n (%) n (%)
/IRJODU 14 (30%) 14 (30%) 7

! /RJODU 26 (55%) 22 (47%)

/RJODU 7 (15%) 11 (23%y

/IDVW YLVLW LV GH QHG DV WKH PHDQ RI DOO ODVW UHFRUGHG YLVXD
months.

a Difference of more than 0.2 LogMAR with baseline VA.

b Four blind eyes.

VA visual acuity; SD standard deviation.

Complications

Table 4 lists early (within 3 months) and late (after 3 months) postoperative complications.
A total of 11 patients (23%) had a serious complication (defined as a complication for
which a reoperation was needed or with a clinically significant VA loss [19, 20]). Thirteen
patients (28%) had one or more early complications, the most serious being a suprachoroidal
haemorrhage that needed to be drained. Five eyes developed mild choroidal effusion, which
spontaneously resolved in all cases. A shallow or flat anterior chamber, for which reformation
with viscoelastics was needed, was seen in six eyes. Because of partial conjunctival
dehiscence, one eye needed extra conjunctival suturing. In three eyes, a spontaneously
resolving hyphaema occurred.

Fourteen patients (30%) experienced one or more late complications. To repair persistent
hypotony, the tube was tied off in three eyes, which was successful only once. The most severe
late complication was hypotony maculopathy (n = 5), in three of these cases occurring in patients
with JIA. One painful blind eye with preexistent corneal decompensation was eviscerated.
Because of tube erosion, a new scleral patch graft revision was needed in two cases. In one of
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WKHP WKH %*, SODWH HURGHG DJDLQ DQG ZDV QDOO\ UHPRYH(
one eye with an encircling band and scleral buckle. This was resolved by removing all scleral
material and placing a new BGI via the pars plana.

In one case, cornea decompensation occurred after BGIl implantation. Two cases with previous
corneal decompensation underwent PKP, once a PKP was performed after a patient developed
a herpetic corneal ulcer.

Table 4
Complications divided into early (<3 months) and late (>3 months) onset
PRQWKY >3 months

n (%) n (%)
Persistent mild diplopia 7 (15)
Choroidal effusion 5(11) 0 (0)
6KDOORZ DW DQWHULRU FKDPEHU 4(9) 2(4)
Hypotony maculopathy 0 (0) 5(11)
Corneal decompensatiort 0(0) 4(9)
Tube endothelial touch 0 (0) 2(4)
Conjunctiva/wound dehiscence 1(2) 0 (0)
Tube erosion 0 (0) 2(4)
Suprachoroidal hemorrhage 1(2) 0 (0)
Cystoid macula edema 0 (0) 1(2)
Encapsulated bleb 0 (0) 1(2)
Cornea ulcer 0 (0) 1(2)
Hyphema 2(4) 1(2)
Total number of patients 13 (28) 14 (30)
Number of patients with serious complication$ 11 (23)

a Only one patient needed an intervention; strabismus surgery.

b Three with pre-existing corneal decompensation.

¢ Some patients had more than one complication.

G 6HULRXVY FRPSOLFDWLRQ ZDV GHK (@PHGHRS BDUBPRWPLIRAL ZDW LGRKH IRHG ZKU 2
0.20 LogMAR).
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DISCUSSION

Our study shows that the treatment of uveitic glaucoma is challenging, but in most patients with
XYHLWLF JODXFRPD WKH %*, PDLQWDLQV D ORZVDOM@L \AWW QRO
reduction in glaucoma medications. Only a few studies have reported on the long-term results

of the BGI in uveitic glaucoma. Besides the long follow-up, the strengths of our study are the

size of the study population and the extensive analysis of VA and complications.

7R DQDO\WH WKH UHWURVSHFWLYH FROOHFWHG GDWD DV HI FLt
analysis (LMM). The advantage of this model is that all available data are included in the analysis.

Still, due to the nature of retrospective studies and the heterogeneity of the study population,

the results have to be interpreted with caution.

$Q LPSRUWDQW QGLQJ LQ WKLV VWXG\ LV WKDW ,23 ZDV.-VXE

with a reduction between 59% and 68% during a ten-year follow-up period. However, 0P 7
XFWXDWLRQV FDQ VWLOO RFFXU DIWHU %*, LPSODQWDWLRQ L:

for which mainly patients with viral uveitis seem to be at risk. However, |IOP peaks during

bouts of uveitis did not reach preoperative levels. Lewkowicz et al. also reported higher IOP in

patients with viral uveitis compared to nonviral uveitis [21]. A successful control of the uveitis

and its underlying disease seems to be of crucial importance in the success of treatment of

uveitic glaucoma. In recent years, systemic therapy has improved a lot after the introduction of

biologicals as an addendum to the treatment armamentarium.

In our study, 46% of patients who used systemic medication preoperatively used corticosteroids

DQG XVHG ELRORJLFDOV 7KHVH PHGLFDWLRQV VHHP YHU\
IOP peaks; however, in a few patients, the underlying uveitis seems to have been the reason

for further visual deterioration despite stable IOP. Our results compare to the one-year results

of other studies that reported an I0P reduction between 57% and 69% after 1 year [13, 22].

Iverson et al. reported a stable reduction over a period of 5 years as well [13]. The IOP reduction

for the Molteno glaucoma implant in uveitis patients seems slightly lower than for the BGI. At 1

year, the reported IOP reduction ranges from 50% to 56% [23, 24]. Molteno et al. also reported

an IOP reduction after 10 years of follow-up of 54% from baseline [23].

There are four studies with a follow-up of 2 years or more with the Ahmed valve implant,

reporting an IOP reduction ranging from 46% to 67% [25-28]. Thus, the BGI probably results in

a larger reduction in IOP than the other glaucoma drainage implants, possibly through its larger

plate size. Recently, a large meta-analysis in a general glaucoma population compared the Ahmed

valve with the BGI and reached the same conclusion [29]. However, this study reported more
FRPSOLFDWLRQV LQ WKH %DHUYHOGW JURXS ,Q PRVW VWXGL
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mmHg or lower. In our study, and in most other studies, the majority of patients have advanced

glaucoma. Therefore, we believe that the aim of the BGI should be a low target pressure to

prevent progression. Thus, a stricter upper limit of 18 mmHg or even 15 mmHg seems a more
UHDOLVWLF GH QLWLRQ RI VXFFHVV )RU WKH VDNH RI FRPSDUL
upper limit of 21 mmHg.

6WLOO LW LV GLI FXOW WR FRPSDUH WKHVH GDWD EHFDXVH RI
SDUWLFXODU WKH QXPEHU RI SUHYLRXV VXUJHULHY DQG WKH FD
at 1 year (89%) is similar to those of Ceballos et al. and Iverson et al.; 92% and 91% at 1 year,
respectively. At 5 years, a success rate of 75% was recorded, which is similar to the one we found

[13]. In the Iverson study, 26% of patients continued their systemic uveitis medication. Caballos

HW DO GR QRW PHQWLRQ V\VWHPLF PHGLFDWLRQ LQ WKHLU VW,
Ahmed valve implant ranged from 50% to 100% [25-28, 30]. The success rate for the Molteno

implant at 1 year ranged from 79% to 97% [7, 23, 24, 31, 32]. Molteno et al. reported a success

rate of 87% and 77% at, respectively, 5 and 10 years [23].

The short-term success rates are quite similar for the three implant types. It seems that the

Molteno implant has a better longterm success rate, but this is only based on a single study. Only

DIHZ DUWLFOHY UHSRUW RQ 9% ORVV DOO ZLWK VOLJKWO\ GLII
al., 21% of the patients had a profound loss of VA [22]. Fifteen to 40% of patieritis aMolteno

glaucoma implant experienced VA loss [7, 31]. Five studies report the VA loss for the Ahmed

valve implant. The percentage of patients with VA loss ranges from 0% to 26% [25-27, 30, 33].

,Q RXU VWXG\ SDWLHQWYV KDG D FOLQLFDOO\ VLIJQL FDQW
number appears slightly higher than reported for the Ahmed valve implant. Most of this can

EH DFFRXQWHG IRU E\ WKH ORQJHU IROORZ XS LQ RXU VWXG\ D!
DIWHU \HDUV O0OXOWLSOH HDUOLHU VXUJLFDO SURFHGXUHV LQ >
severe baseline pathology (other than uveitis), progression of VF loss in several patients and

several cases with postoperative complications (hypotony maculopathy and suprachoroidal
haemorrhage). A recent study of Pathanapitoon et al. showed that 41% of patients with uveitic
JODXFRPD EHFDPH EOLQG DW OHDVW LQ RQH H\H ZKLFK ZDV VLJQ
eyes without secondary glaucoma (18%). A total of 69% of these eyes underwent glaucoma

surgery [34]. With regard to VF progression, we have to be careful to draw conclusions due to

WKH ODFN RI VXI FLHQW GDWD 7KH PDMRULW\ RI SDWLHQWV SH
from only 22 patients at least two postoperative VF tests were available for analysis. The main

reasons for this were end-stage glaucoma, further follow-up by the referring ophthalmologist,

or a short follow-up period. However, we observed a tendency towards a drop in MD (-3.40 dB)

LQ WKH UVW \HDUV DIWHU LPSODQWDWLRQ ZLWK D VWDELOL]
ZH FRXOG QRW FRUURERUDWH WKLV QGLQJ ZLWK HDUOLHU ZRU
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Jansonius (F.G. Junoy Montfolio, R.P.H.M. Miskens and N.M. Jansonius, abstract presented at

210th meeting of the Dutch Ophthalmological Society, Maastricht 2016), it was suggested that

DQ LQFUHDVH LQ LQ DPPDWLRQ FDXVHG E\ WKH %*, PD\ FDXVF
SRVWRSHUDWLYH SKDVH ,I WKLV LV FRQ UPHG WKLV IXUWKHU
LQ DPPDWLRQ HVSHFLDOO\ LQ XYHLWLF H\HV

The complications recorded in this study are similar to those in two large prospective studies,
the Tube Versus Trabeculectomy (TVT) study [35] and the Ahmed Baerveldt Comparison (ABC)
study [20]. At 5 years, the serious complication rate for the BGl was 22% and 29% in the TVT and
ABC study, respectively. In our study, 23% had a serious complication. An important difference
in late postoperative complication is the number of patients with hypotony maculopathy. Both
studies reported approximately 1% hypotony maculopathy in the Baerveldt group. We recorded
11% (n = 5) hypotony maculopathy patients, three of them with JIA. A 250 mm2 was tried for
two patients with JIA, but one patient still developed a hypotony maculopathy with this smaller
implant. Hypotony is a known complication, even without surgery: with 10% per year of patients 7
with JIA, this patient category is especially at risk [36]. Because of its chr@yimptomatic
character, undertreatment is possible, and ciliary body atrophy can occur [37]. Our patients
with JIA underwent BGI surgery late in the course of the disease. A more aggressive and earlier
medical and surgical approach of these patients may possibly lead to a better outcome [38, 39].

In conclusion, the BGI has shown to be a long-term effective and safe treatment for refractive
secondary glaucoma due to uveitis. Continued systemic immunosuppressive treatment seems
EHQH FLDO WR SUHYHQW D DUH XS DQG XQFRQWUROOHG ,2
vision loss in this population most probably are severe disease at baseline, uncontrolled uveitis/

LQ DPPDWLRQ GHVSLWH VWDEOH ,23 FRQWLQXHG ,23 XFWXDW
whereas at the other end of the spectrum, especially patients with JIA seem much more prone

to hypotony maculopathy.
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GENERAL DISCUSSION

The treatment of open angle glaucoma has evolved over the years. During the last decades, the
DYDLODELOLW\ RI QHZ GUXJV DQG GUXJ FRPELQDWLRQV DQG
WUHDWPHQW KDV OHG WR D GHFUHDVH LQ WKH QXPEHU RI
especially trabeculectomy. [1, 2] A 52% drop in trabeculectomy rates has been observed from

1994 until 2003, with a further decrease of 52% in 2021 (Medicare data). Simultaneously, a

231% increase in the number of tube surgeries was seen between 1994 and 2003, and a 54%

further increase in 2012. But the most dramatic increase, from 2013 on, has occurred with new,

minimally invasive surgery procedures. [3-5] We will elaborate upon this later in this paragraph.

The current European guidelines [6] advise to start glaucoma treatment with topical medication

DQG RUODVHU WUHDWPHQW ,QFLVLRQDO JODXFRPD OWHULQJ
advanced and worsening disease, often after treatment with three or even four medications.

This approach is questionable, as there is emerging evidence that this may cause a delay in the
referral of patients for glaucoma surgery until a late stage of the disease. A recent European

report showed that from all referrals, only 41.5% were considered on time .[7] The treatment
SHULRG ZDV VLIJQL FDQWO\ ORQJHU PHGLDQ \HDUV LQaNK
LQ éQHZé (XURSHDQ 8QLRQ FRXQWULHV RU QRQ (XURSHDQ 80Q
GDPDJH ZDV PRUH DGYDQFHG 7KHVH QGLQJV VXJIJHVW WKL
improve glaucoma care in Europe.

Furthermore, long-term topical glaucoma medications and preservatives in eye drops may

cause side effects, including burning, redness and blurred vision [8] and/or exacerbate pre-

existing ocular surface disease (OSD); such as dry eye and chronic allergy [9]. The preservative
EHQ]JDONRQLXP FKORULGH %$& LV WR[LF DQG PD\ OHDG WR D
surgery. An additional problem is nonadherence with glaucoma medication, which may also lead

WR SURJUHVVLRQ RI YLVXDO HOG ORVV > @

,W FDQ EH FRQFOXGHG WKDW LQWHQVL FDWLRQ RI PHGLFDO WU
outcomes so far. Too many patients still go blind from glaucoma, with up to 24% unilateral and

10% bilateral blindness at the end of their lives. [12] There is a large need for safe and effective

surgery.

Glaucoma surgery

Traditional glaucoma surgery (especially trabeculectomy) is not very popular, as the worldwide

numbers show. This might be explained by the high level of surgical skill and experience that

is needed to successfully perform trabeculectomy. There is a learning curve and the use of
DQWL EURWLF GUXJV ZKLFK DUH FRPPRQO\ XVHG QRZ WR LPSU
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problems. Intensive postoperative monitoring is needed and possibly severeptications may

arise (e.g. bleb related infection). The procedure may also have a negative impact on quality of

OLIH +RZHYHU HVSHFLDOO\ DV WKH WHFKQLTXH KDV EHHQ UH C
obtained, with sustained IOP levels in the low teens. [13] Currently, trabeculectomy remains

the gold standard procedure for the treatment of primary open angle glaucoma, and for cases

ZKHUH D YHU\ ORZ ,23 LV QHHGHG O-RZBEWHWK W XEWW KKBRHBN PRU
open angle glaucomas. [14-16]

IOP reduction and serious complications may be similar in most cases, but after trabeculectomy
more early complications have been observed and more bleb-related infections, whereas after
tube surgery other problems may occur, e.g., erosion of the tube, tube obstruction, diplopia, and
corneal decompensation.

Another concern causing ophthalmologists to refrain from glaucoma surgery, is visual loss that

might occur directly afterwards, induced by the procedure. However, a recent study showed

that glaucoma surgery indeed induced an immediate postoperative drop in mean deviation of

YLVXDO HOG GHIHFWV EXW \HDU ODWHU WKH UDWH RI SURJL
down whereas this was not the case in non-operated patients. [17] This implicates that early

surgical intervention in glaucoma could prevent visual deterioration and blindness on the long

term.

Nowadays, the Ahmed glaucoma valve (AGV) and the Baerveldt glaucoma implant (BGl) are

the most frequently used GDDs worldwide. The main difference between these two devices is

WKDW WKH $*9 KDV D EXLOW LQ YDOYH ZKLFK LPPHGLDWHO\ UHJ
WKH %*, UHTXLUHV D WHPSRUDU\ OLJDWXUH DURXQG WKH WXEL
postoperative weeks. The Ahmed Baerveldt Comparison study and the Ahmed versus Baerveldt

VWXG\ ERWK HYDOXDWHG DQG FRPSDUHG WKH HI FDF\ DQG VDIF
after 5 years of follow up, the AGV tended to fail because of inadequate IOP control whereas

on the other hand the BGI had more serious complications which needed reoperation. [18, 19]

From these studies can be concluded that the choice of the optimal GDD should be made on

an individual basis, taken multiple cofactors into account such as glaucoma diagnosis, presence

of conjunctival scarring, durability of the implant, preoperative IOP level, the necessity to

immediately lower IOP, and ocular comorbidity.

This thesis focuses on the outcome and safety of the BGI. The BGI can be pictured well in the
anterior chamber using anterior segment optical coherence tomography (AS-OCT). In our
study, a spectral-domain OCT (SD-OCT) was used. The SD-OCT showed good reproducibility
of anterior chamber angle measuremenighapter 2) and tube-corneal and tube-iris distances
could be accurately assessed, with reproducible outcomebapter 3). Recently, new and more
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sophisticated AS-OCT machines have been developed. The swept source-OCT (SS-OCT) is now
often for images of e.g., anterior chamber structures, intraocular lenses, tubes, and tumors. SD-
OCT devices use a broadband near-infrared super luminescent diode as the light source with a
spectrometer as the detector. On the other hand, SS-OCT instruments apply a tunable swept
laser as the light source with a single photodiode detector. [20]

$Q LPSRUWDQW DVSHFW RI RXU VWXG\ ZDV WKH QGLQJ WKDW W
endothelium over time when placed free in the anterior chamber. The tube-corneal distance
GHFUHDVHG $ VDIHU DSSURDFK LV WR SODFH WKH %*, WUDQV
cannot migrate towards the endothelium, which should protect endothelial cells. However, this

study was carried out under ideal circumstances, without indentation of the eye. We cannot rule

out tube motion or tube-endothelial contact when patients rub their eye. [21] In daily practice,

we should warn patients to refrain from rubbing their eyes. If they cannot comply with this, tube

surgery is contraindicated.

,QFUHDVHG FRUQHDO HQGRWKHOLDO FHOOVKRUUWRWVWXEWLBERU
distance, as shown ighapter 4. The shorter the distance, the higher the loss. A central EC 8
loss of 6.20% per year was found with a mean corneal distance of 1.69 mm, in contrast to a

4.11% loss with longer tube-corneal distances. The EC loss was found to be most profound in

the superior corneal quadrant which was closest to the BGI. Transiridial placement of the tube

showed lower EC loss compared to placement of the tube free in the anterior chamber. [22]

These data indicate that the tube should be placed away from the corneal endothelium and can

EH VDIHO\ [HG WR WKH LULV $ ORQJ WXEH FRUQHDO GLVWDQ
thus corneal decompensation.

2XU QGLQJYV DUH FRPSDUDEOH WR UHFHQ®WOUIBSEOWWCHG W
profound EC loss in the quadrant closest to the Baerveldt tube compared to central ECD (13.1%
vs 10.3% after one year). [23] This study also demonstrated that pars plana placement of the BGI
LV QRW VLJIJQL FDQWO\ UHODWHG ZLWK (& ORVV LQGLFDWLQJ L
and EC loss. Hau et al also found that anterior chamber BGI insertion was associated with EC
loss greatest close to the tube. Tube insertion in the vicinity of, or anterior to Schwalbe’s line,
DQG VKRUW WXEH OHQJWK ZHUH DOVR DVVRFLDWHG ZLWK VLJ

These data clearly indicate that placement of the silicone BGI tube in the anterior chamber can

OHDG WR VLJQL FDQW (& ORVV RYHU WLPH HVSHFLDOO\ LI Wl
to the endothelium. A stable position of the tube in the anterior chamber, close to the iris o
transiridial, will prevent the tube from migrating towards the corneal endothelium (as shown

in chapter 3). However, other mechanisms may also play a role in chronic EC loss. It has been
hypothesized that placement of a phakic intraocular lens may lead to EC loss due to changes in
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DTXHRXV KXPRU RZ > @ $GGLWLRQDOO\ SUR LQ DPPDWRU\ F\\V
KXPRU DQG WKH VLOLFRQH PDWHULDO RI WKH WXEH PD\ OHDG
UHVSRQVH 6LOLFRQH KDV D KLJK DI QLW\ IRU SODVPD SURWHLQ

Similar to the advice given when implanting phakic IOLs in patients, we recommend to scheduling

patients with a BGI for (bi)annual follow-up measurements of the corneal endothelium, especially

LIl WKH WXEH KDV EHHQ LQVHUWHG éIlUHHé LQWR WKH DQWHULRU
EC loss can be detected timely, and a surgical revision can be planned during which the tube is

relocated to the ciliary sulcus or to the vitreous cavity (if applicable). Anterior segment imaging

can also be helpful as tube position and distance to intraocular structures (especially cornea and

iris) can be assessed over time (chapter 2).

Recently, a new GDD, also made from silicone, but with a thinner tube, has been introduced

into the clinic: the Paul glaucoma implant. [29, 30] It will be interesting to compare EC loss and

tube positioning in the long term between this new device and older GDDs, like the BGI. In

addition, new and less invasive subconjunctival implants, with a thinner tube and made from

QHZ PDWHULDOV HJ 6,%6 PD\ RIIHU QHZ DOWHUQDWLYHV $ |
placement of a SIBS MicroShunt may be comparable to EC loss after trabeculectomy. [31]

As GDDs stay permanently in the body after implantation, it is of great interest to study if
complications, due to the implant(design) and/or its material, may arise over time. The silicone
PDWHULDO RI WKH %*, PD\ OHDG WR SURORQJHG VXEFOLQLFDC(
However, in studies regarding complications after placement of silicone breast implants, it was

also shown that silicones can migrate from the implant through the body, inducing a chronic

LQ DPPDWRU\ SURFHVV ZKLFK PD\ OHDG WR UKHXPDWLF DXWRLF

In the 5-year studies comparing the AGV and BGI, more failures were reported in the BGI group

due to safety issues (hypotony, implant explantation, and loss of light perception) (ref Budenz

HW DO &KULVWDNLV HW DO $V ERWK GHYLFHV DUH PD
most likely explained by the differences in implant design.

'XH WR WKH UHFHQW VKLIW LQ JXLGHOLQHV PDNLQJ WXEH VXUJ
surgery for most forms of open angle glaucoma, outcomes may have improved, especially during

the last decade. To study possible differences (due to this treatment paradigm shift) in long-term

results and complications of the BGI, we compared a 10-year cohort (all patients operated in the

University Eye Clinic of Maastricht, and by a single surgeon), and an additional 5-year cohort,

with more recently operated patients(chapter 5). The 5-year cohort results were compared

ZLWK WKH UHVXOWV RI WKH UVW \HDUV RI WKH \HDU FRKRUW
10-year cohort. Mean corrected distance visual acuity slightly decreased over the years in all
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groups but was better in the 5-year cohort. There was a trend towards lower IOP levels in the

5-year cohort, however a sustained and stable IOP in the low teens was obtained in all groups.

There were small differences between the 5-year and 10-year cohorts, with more primary open-

angle cases and less neovascular glaucoma cases and vitrectomized eyes in the 5-year cohort.
$OWKRXJIJK WKHVH GLITHUHQFHV PD\ UH HFW WKH FKDQJLQJ LQC
with tube surgery, they were not statistically different.

Corneal decompensation was the most common complication, occurring in 8% of eyes, in both

WKH UVW DQG WKH VHFRQG \HDUV RI IROORZ XS KRZHYHU F
the 10-year group. Revisions of the BGI (e.g., tube shortening, tube replacement or re-patching

RI WKH WXEH ZHUH DOVR PRUH RIWHQ SHUIRUPHG LQ WKH
Enucleation or evisceration, for painful blind eyes, was performed in 5% of cases in the 10-year

cohort, while none were performed in the 5-year cohort. Although these numbers are small, they

may also indicate that less healthy eyes were included in the 10-year cohort.

Overall, the BGI performs well over many years, and optimal patient selection (earlier in the
treatment algorithm) may further improve treatment outcomes. Although made of silicone, the
LPSDFW RI WKH PDWHULDO RQ WKH ORQJ WHUP VHHPV QR Y
do occur, especially corneal decompensation. We will have to await if a new generation of tube
implants, made of newer material, might further improve results.

We also studied the role of the BGI in special cases. In a case report we presented a patient with
secondary glaucoma due to an iris melanoma, treated with proton beam therapyK DSWH U b
$IWHU WKH LPSODQWDWLRQ RI D %*, WKH ,23 YLNWXDIOQHHO G F
loss stabilized. [33] Sharkawi et al. prospectively studied the outcome of BGI implantation in
secondary glaucoma cases due to iris melanoma, treated with proton beam therapy. In this series

RI H\HV DFKLHYHG VXUJLFDO VXFFHVYV \HDU DIWHU %,
the BGI may be a safe treatment option for this category of patients.

The incidence of secondary glaucoma due to uveitis is estimated to be 18.3%. [35] The balance
EHWZHHQ XYHLWLF DFWLYLW\ DQG VXEVHTXHQW ,23 ULVH ZL\
to manage with medication and remains a therapeutic challenge. Medical treatment fails in
approximately 25% of patients with uveitic glaucoma and those patients eventually need surgical
treatment. [36] Our study, presented irchapter 7, showed an IOP decrease from 30.6 mmHg
preoperatively to 9.7 mmHg at 10 years of follow up. The number of glaucoma medications

reduced from 3.6 preoperatively to 0.4 at 10 years. Visual acuity deteriorated in 34% of cases.

One of the main reasons for visual acuity loss was hypotony maculopathy, which was more
pronounced in juvenile idiopathic arthritis (JIA) patients. In such cases, the implantation of a BGI

with a smaller endplate is advised. [37] A meta-analysis published by Ramdas et al. reported the
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RXWFRPHV DIWHU SODFHPHQW RI D *'"" LQ XYHLWLY SDWLHQWYV
GLIITHUHQFH LQ HI FDF\ RI WKH *'" LQ SDWLHQWYVY ZLWK RU ZLWKR
was found in eyes with uveitic as well as in non-uveitic glaucoma. They suggested that macular

edema may have been underreported. In another study, mean IOP was found to drop from 29.5

mmHg preoperatively to 14.4 mmHg after 5 years. Thirteen eyes suffered from early hypotony

of which only one eye developed hypotony maculopathy. [38, 39]

7KHVH VWXGLHV FRQ UP WKDW WKH %*, LV DOVR D VDIH WUHDWPF
patients need to be followed up closely to prevent tiresome complications.

Future perspectives
7KH HI FDF\ DQG VDIHW\ Rl JODXFRPD OWWOKMLRHDUYXUIHBZ\JODXER
drainage devices and implantation methods have been developed, making tube surgery now the
UVW FKRLFH IRU PDQ\ JODXFRPD SDWLHQWYV ZKR QHHG WR XQG
is especially indicated for secondary glaucoma and more challenging cases. However, despite
the current surgical techniques and choice of devices, serious complications may still occur
after GDD surgery. Optimal patient selection and close postoperative monitoring is mandatory
to obtain successful outcomes and detect possible complications in an early stage. Baseline
endothelial cell density (ECD) and anterior chamber depth should be assessed, and placement
of the tube away from the cornea, transiridial or into the ciliary sulcus should be apfer.
If applicable, placement into the vitreous cavity in previously vitrectomized eyes can also be
considered. We recommend that patients who will undergo GDD implantation should be
informed preoperatively about the risk of EC loss and be advised to comply with a strict long-
term follow-up regimen with ECD measurements on a regular (bi)annual basis. Thus, patients
as well as surgeons need to be motivated for lifelong monitoring.

There has been a paucity in the development of new GDDs. Current innovations include the Paul

implant, made from silicone but with a thinner tube, and the Rheon Medical eye Watch, which

LV WKH UVvw *'"'" ZLWK WKH SRVVLELOLW\ WR DFWLYHO\ DOWHU
currently being tested in Europe and its results may be promising. [40]

+RZHYHU GHVSLWH WKHVH LPSURYHPHQWY LQ WUMRMWLIRRP DO JO
has been focused on the development of new, minimally invasive glaucoma surgery (MIGS)
procedures. [41] There are many new options. [42] Most MIGS are based on a Schlemm’s
canal/trabecular meshwork (TM) approach. These MIGS include miniature implants, as well as
excising/cleaving or dilating procedures. Suprachoroidal implants have also been developed, but

recently one implant has been taken off the market because of severe endothelial cell loss during

follow-up. [43] The TM/canal-based procedures have fewer risks, shorter surgery time and a

faster postoperative recovery. [44, 45] However, they are also less effective when compared
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WR WUDGLWLRQDO OWUDWLRQ VXUJHU\ > @ /HVV LQYDVLYI
introduced to the market. These include miniature tube shunts (without an endplate and made

from new materials) for subconjunctival/sub-Tenon’s placement. The XEN-gel stent is made from
JHODWLQ DQG WKH 3UHVHU R OLFURG6KXQW IURP 6,%6 > @ 7}
PRUH SURPLVLQJ LQ HI FDF\ KRZHYHU WKH\ QHHG WR EH DXJI
obtain successful results. There is emerging evidence that they may be a less invasive alternative

to trabeculectomy or GDD, however more studies (including head-to-head comparisons) are

needed to prove this. [31, 48, 49] Several randomized controlled studies are currently under.

[50, 51]

The future of glaucoma surgery is promising. Next to traditional trabeculectomy, tube shunts

like the BGI have proved their value. The BGI offers safe and sustained IOP lowering for many
patients, provided that patients comply with strict postoperative monitoring, especially for EC

ORVV 7KH QHZ 0,*6 DQG OHVV LQYDVLYH SURFHGXUHY ZLOO Q
and we will be able to offer a broad variety of treatment opportunities to our patients. Hopefully

this will eventually lead to a further reduction of severe visual impairment and blindness.

8
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Summary

SUMMARY

Glaucoma is a complex and possibly devastating eye disease, in which degeneration of the optic
QHUYH OHDGV WR SURJUHVVLYH DQG LUUHYHUVLEOH YLVXDO
of irreversible blindness worldwide. Raised intraocular pressure (IOP) is it®@st important

risk factor and lowering IOP is the only proven treatment to stop progression of the disease.

Medical and surgical treatment options have increased over time. Trabeculectomy has proven its
ZRUWK RYHU WKH SDVW GHFDGHVY DQG VWLOO LV WKH UVW FK
glaucoma. However, long-tube glaucoma implants have become an interesting alternative, for

primary glaucoma and especially for secondary and refractory glaucoma. This thesis focuses on

the surgical treatment of glaucoma with the Baerveldt glaucoma implant.

Chapter 1 is a general introduction and gives an historical overview on glaucoma and its
treatment options.

Chapter 2 shows the reproducibility of anterior chamber angle measurements with the Visante
anterior segment OCT. The overall reproducibility in experts and non-experts was good in open
angles.

The Baerveldt tube motility was investigated using the Visante anterior segment OCT under 9
varying light conditions inchapter 3. The drainage tube remained stable when inserted
transiridial, but moved closer to the endothelium when the tube was placed free in the anterior
chamber.

Chapter 4 reports on corneal endothelial cell loss after placement of the Baerveldt tube in
relation to tube-corneal distance and the quadrant of placement. A shorter tube-corneal
distance causes more severe endothelial cell loss, especially in the peripheral quadrant closest
to the tube. Transiridial placement of the tube seems safer than placement ‘free’ into the AC to
avoid extensive endothelial cell loss.

The long-term outcomes of the Baerveldt glaucoma implant are presentedchmapter 5. A
sustained and stable control of intraocular pressure can be obtained for up to 10 years after
implantation, with values between 12 and 13 mmHg. Corneal decompensation is the most
important complication.

A case report inchapter 6, shows that placement of a Baerveldt glaucoma implant is a safe

and effective method to treat glaucoma that may arise after proton beam therapy for iris
melanoma.
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Chapter 7 demonstrates that the Baerveldt glaucoma implant is an effective and safe treatment

for patients with refractive secondary glaucoma due to uveitis. Patients with viral uveitis and

glaucoma should be closely monitored for intraocular pressure peaks that may occur during
HSLVRGHV RI D DUH XS RI XYHLWLYV 3DWLHQWYV ZLWK MXYHQL!
prone to hypotony maculopathy.

Chapter 8 GLVFXVVHV WKH PDLQ QGLQJV RI WKLV7WHK HMAVLNU DHGG MX
glaucoma implant is a good choice for the surgical treatment of glaucoma, and is also suitable

for special cases. However, correct tube-placement is essential to prevent severe endothelial

FHOO ORVV DQG OLIHORQJ PRQLWRULQJ LY DGYRFDWWIGYHH QLQ.
methods may prevent complications.

Finally,the impact paragraph (addendum) shows the impact on society of the results of this

thesis. There is still a large and unmet need for a proper treatment of glaucoma. However, IOP

lowering works and this thesis shows that the Baerveldt glaucoma implant performs well over

many years, underlining that safe and effective glaucoma surgery helps to combat blindness.
JXWXUH UH QHPHQW RI JODXFRPD VXUJHU\ GHYLFHV DQG PHWKR
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Samenvatting

SAMENVATTING

Glaucoom is een complexe en mogelijk verwoestende oogziekte waarbij degeneratie van
de nervus opticus lijdt tot progressieve en irreversibel gezichtsveldverlies. Momenteel is
glaucoom de meest voorkomende oorzaak van irreversibele blindheid wereldwijd. Verhoogde
intraoculaire druk (IOP) is de meest belangrijke risico factor, en verlaging van de IOP is de enige
bewezen therapie om progressie van de ziekte te stoppen. De medicamenteuze en chirurgische
behandelopties zijn in de laatste decennia toegenomen. Trabeculectomie heeft in de afgelopen
decennia zijn waarde bewezen en is nog steeds de eerste keuze voor dergisieche behandeling

van open kamerhoek glaucoom. Lange-tube implantaten zijn echter een interessant alternatief
geworden voor primair glaucoom en voornamelijk voor secundair glaucoom en refractair
glaucoom. Dit proefschrift richt zicht op de chirurgische behandelding van glaucoom met het
Baerveldt glaucoom implant.

Hoofdstuk 1 is een algemene inleiding en geeft een historisch overzicht van glaucoom en de
behandelmogelijkheden.

Hoofdstuk 2 toont de reproduceerbaarheid van de metingen van de voorste oogkamer hoek
met de Visante anterieure segment OCT. De algehele reproduceerbaarheid bij experten en
niet-experten was goed in open kamerhoeken. 9

De motiliteit van de Baerveldt tube werd onderzocht met behulp van de Visante anterieure
segment OCT onder wisselende lichtomstandigheden fiwofdstuk 3. De drainage tube bleef
stabiel wanneer deze transiridiaal werd ingebracht, maar kwam dichter bij het endotheel
wanneer de tube vrij in de voorste oogkamer werd geplaatst.

Hoofdstuk 4 rapporteert over het verlies van corneale endotheelcellen na plaatsing van een
Baerveldt glaucoom implant in relatie tot de afstand van de tube tot het hoornvlies en in relatie

met het kwadrant van plaatsing. Een kortere afstand tussen tube en hoornvlies veroorzaakt

ernstiger verlies van endotheelcellen, voornamelijk in het perifere kwadrant het dichtst bij de
%DHUYHOGW WXEH 7UDQVLULGLDOH SODDWVLQJ YDQ GH WXEF
oogkamer om uitgebreid endotheelcelverllies te voorkomen.

De lange termijn resultaten van het Baerveldt glaucoom implantaat worden gepresenteerd
in hoofdstuk 5. Een aanhoudende en stabiele controle van de intraoculaire druk kan worden
verkregen tot 10 jaar na implantatie, met waarden tussen 12 en 13 mmHg. Hoornvlies
decompensatie is de belangrijkste complicatie.
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Een case report ioofdstuk 6 laat zien dat het plaatsen van een Baerveldt glaucoom implant
een veilige en effectieve methode is om secundair glaucoom vanwege protonen bestraling voor
een iris melanoom te behandelen.

Hoofdstuk 7 laat zien dat het Baerveldt glaucoom implant een effectieve en veilige behandeling
is voor patiénten met secundair glaucoom vanwege uveitis. Patiénten met een virale uveitis
en glaucoom dienen nauwlettend gecontroleerd te worden voor intraoculaire druk pieken die
kunnen ontstaan tijdens uveitis opvlammingen. Patiénten met juveniele idiopathische uveitis
lijken vatbaarder voor hypotone maculopathie.

Hoofdstuk 8 rapporteert de belangrijkste bevindingen van dit proefschrift en de
toekomstperspectieven. Het Baerveldt glaucoom implant is een goede keuze voor de chirurgische

behandeling van glaucoom en is tevens ook geschikt voor speciale casus. Correcte plaatsing van

de tube is echter essentieel om ernstig verlies van endotheelcellen te voorkomen. Levenslange
PRQLWRULQJ ZRUGW DDQEHYROHQ +HW YHU MQHQ YDQ WXEH RQ
methoden kunnen complicaties voorkomen.

Tenslotte laathet addendum (impact paragraaf) zien wat de resultaten van dit proefschrift

zijn qua impact op de samenleving. Er is nog steeds een grote onvervulde behoefte aan

een goede behandeling van glaucoom. Echter, dit proefschrift toont aan dat het Baerveldt

glaucoom implantaat een goede I0P-daling bewerkstelligd en dat het jarenlang goed werkt.

Dit onderstreept dat veilige en effectieve glaucoomchirurgie werkt om blindheid te bestrijden.
7TRHNRPVWLJH YHU MQLQJ YDQ LPSODQWDWHQ HQ PHWKRGHQ
resultaten wellicht nog verder verbeteren.
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PARAGRAPH OF IMPACT

*ODXFRPD LV D GHJHQHUDWLYH RSWLF QHXURSDWK\ WKDW LV
loss. When inadequately treated, the disease will lead to visual impairment and eventually
blindness. Currently, glaucoma is the leading cause of irreversible blindness worldwide. It is
estimated that by 2040 the number of affected glaucoma patients will increase to 112 million

people [1]. Even in the Netherlands, a country with highly developed health care facilities,
approximately 25% of people eventually go blind in one eye, 10% even become bilaterally blind

at the end of their life, despite treatment [2].

Thus, there remains a large and unmet need for a proper treatment of glaucoma. Currently, the

only proven treatment is by lowering intraocular pressure (IOP) to a target level where further
YLVXDO HOG SURJUHVVLRQ LV KDOWHG 7UHDWPHQW LV XVXD
laser, however incisional surgery should be considered when target IOP is not reached or the

disease keeps progressing. Surgical treatment should also be considered as an early option for
patients who do not visit their ophthalmologist until in a late stage of the disease. Unfortunately

this still happens often as there are usually no symptoms until severe visual impairment sets in.

It is estimated that for each diagnosed patient there is another patient out of care who is not

aware of having glaucoma. Awareness, and early diagnosis and treatment should therefore be

further promoted.

However, the unacceptable high proportion of patients that still severely progress despite I
diagnosis and treatment brings to light another problem: patients and ophthalmologists often

shy away from surgical treatment, because they fear complications, vision loss and loss of quality

of life after the procedure. As a result, medical treatment (often with multiple drugs) is continued,
even when facing progression. This reasoning is understandable, as glaucoma surgery did not
have a good reputation in the past.

Several decades ago, trabeculectomy became the gold standard procedure for the surgical
treatment of glaucoma (see the introduction of this thesis for an historic overview of surgical
WHFKQLTXHYV +RZHYHU WUDEHFXOHFWRP\ RIWHQ IDLOHG GX
EOHE $OPRVW Rl OWHULQJ EOHEV IDLOHG ZLWKLQ \HDUV
usually limited to high-risk cyclodestructive procedures. [4]

Early pioneers like Molteno and Baerveldt dramatically changed the landscape of glaucoma

surgery from the second half of the twentieth surgery. The revolutionary concept of draining
DTXHRXV KXPRXU YLD D H[LEOH VLOLFRQH WXEH RXW RI W
subconjunctivally located endplate proved a successful answer to the widespread problem of
IDLOLQJ OWHULQJ EOHEV
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During the years, glaucoma drainage devices (GDD) have become increasingly popular.
The Baerveldt glaucoma implant (BGI) has become one of the most commonly used devices
worldwide. Also, it has been the subject of many studies that investigated efficacy and safety
when compared to other devices and trabeculectomy [5-8]. These studies have clearly
demonstrated the value of the BGI for the current treatment of glaucoma.

However, the route to success of GDDs (and the BGI in particular) cannot be seen separately
from the developments in other fields of ophthalmology, especially cataract and vitreoretin
surgery. Results of GDDs were further improved after the shift of cataract surgery from
extracapsular (large incision) surgery to small incision clear cornea phacoemulsification,
no longer needing to open the conjunctiva and thereby reducing the risk of conjunctival
scarring. The same applies to retinal surgery, which has largely moved away from buckling
procedures to small-incision vitreoretinal procedures, also sparing the conjunctiva. GDD
placement can successfully be opted for before, after or directly combined with cataract
or retinal surgery.

The research in the present thesis has offered important new insights for surgical glaucoma
treatment with the BGI. A stable position of the tube in the anterior chamber, close to the
iris or transiridial, will prevent the tube migrating towards the corneal endotheliurah(@apter
3). New imaging devices, such as Swept Source OCT, can accurately monitor tube position
and distance to intraocular structures (especially cornea and iris) over time (chapter 2). The
current thesis also clearly demonstrated for the first time that endothelial cell loss is a very
important cause of failure of the BGI, leading to corneal decompensation in about 8% of
cases ¢hapters 4 and 5). We strongly recommend to incorporate regular measurements
of endothelial cell count (yearly) into routine clinical practice after placement of a GDD
%*, HVSHFLDOO\ LI WKH WXEH KDV EHHQ LQVHUWHG élUHHE&
between cornea and iris. Doing this, severe endothelial cell loss can be detected timely and
a surgical revision can be planned during which the tube is relocated to the ciliary sulcus or
to the vitreous cavity (if applicable).

This thesis also demonstrated that the BGI can be safely used for many cases of secondary
glaucoma. Most patients with uveitic glaucoma are better off after placement of a BGI
(F KD S WaddJabBGlI can even be safely and successfully applied after treatment of intraocular
tumors (chapter 6).

Finally, this thesis clearly showed that IOP results after BGI placement are stable and susthine
in the low teens for many years, saving many patients from blindnesspter 5).
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Currently, evidence is emerging that early surgical intervention is indeed superior to the
continuation of medical treatment. A recent study from the Netherlands demonstrated that the
surgical event (often a BGI) has a small impact on visual function, however after approximately
1.5 years of follow up the surgical group performed better than the medication group, with less
progression of visual loss. [9]

At the beginning of the third decade of the 2%century, trabeculectomy is still considered the

gold standard procedure worldwide. [10] Through the years, the surgical technique has been
greatly improved and with the additional application of antimetabolites (mitomycin C or 5 FU),
success rates have been improved as well and severe complications have become less common.
[11] It is also a low-cost procedure, making it available for many glaucoma surgeons worldwide.
However, to obtain optimal results, good surgical skills and experience with the procedure are
required.

During the last three decades, trabeculectomy rates have been steadily declining while the

number of GDD surgeries keeps growing, also for primary cases. In the Preferred Practice

Pattern of the American Academy of Ophthalmology (2020) it is stated that currently there is

LQVXI FLHQW LQIRUPDWLRQ RQ VXSHULRU UHVXOWYV RI *"'V YHU'

GHVLUHG SURFHGXUH VKRXOG EHGHFQMLIRRPSNRGHE/ EHRWENKD

and the treating ophthalmologist. However, there is a growing consensus that trabeculectomy

should probably be reserved for cases with primary open angle glaucoma, pseudophakic patients
DIWHU FOHDU FRUQHD LQFLVLRQ SKDFRHPXOVL FDWLRQ |=DV

or cases in which there is objection to placement of a foreign body. [13] In all other cases, a GDD

like the BGI may be considered, including primary surgeries.

However, factors like availability, experience with a surgical procedure and costs also play a role.
Up till now, the higher costs of GDDs, including the BGI, has limited their usage in developing
countries. New inventions like the Aurolab aqueous drainage implant, a cheap device that
strongly resembles the BGI and was recently developed in India, may offer a reasonable
alternative for these countries. [14]

In recent years, less invasive and minimally invasive, newer surgery proced(kMiS) have
come to the market. These new procedures claim to be safer than the traditional options,
and are often used in combination with cataract surgery, earlier in the treatment algorithm.
However, they are also very costly and mostly lead to IOP reductions in the mid/high teens. [15]
Although strongly gaining popularity, the place of these newer devices and procedures within
the treatment armamentarium of glaucoma has still to be established.
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Although the BGI has amply proven its value, refinement of GDDs is also underway.
,QWHUSUHWDWLRQ RI UHVXOWY LQ OLWHUDWXUH LQFOXGLQJ
way for new designs, with smaller tube lumens and improved endplates. An example is the

PAUL glaucoma implant, which has recently come to the market. [16] Also, new materials and
combination with medications are being considered.

*HRUJH %DHUYHOGW PXVW KDYH EHHQ YHU\ VDWLV HG ZLWK WK
global community for the treatment of glaucoma and the prevention of blindness. He would

also have been very interested in all new developments. However, unfortunately he is no longer
among us and we cannot share the results of this thesis with him anymore.

ARVO 2010: Annelie Tan, George Baerveldt, Henny Beckers
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we in Leiden kamergenoten en de beste vriendinnen zouden worden. Jij altijd netjes, praktisch

en voor alle problemen een oplossing. Ik met mijn rommelbureau waar jij probeerde orde in te

scheppen... Jij zorgde ervoor dat er in onze kamer altijd een overlevingspakket was: chocolade,

snoep, mango, macha, dadelcake, sesam tegen de grijze haren... We denken vaak hetzelfde en
NXQQHQ HONDDUV JLQQHQ DDQYXOOHQ +HW LV VXSHU MQ GDW I

Beste Mireille, je was bij dit onderzoek betrokken vanaf het allereerste begin. Wat hebben

we veel cellen geteld en eindeloos achter de Visante gezeten om alle data te vergaren en te
analyseren. Uren heb je in alle kwadranten het endotheel geteld en kreeg je patiénten verhalen
tot in den treure mee. Ik ben je dankbaar voor al je hulp, je luisterend oor, de gezelligheid en je
nuchterheid. Dank dat je vandaag, bij de verdediging van mijn promotie, mijn paranimf wilt zijn.

Mijn liefste Leidse collega’s: Greetje, Gré, Irene, Jacco, Khanh, Leonoor, Marina, Nicoline, Stijn,

Yanny, Yvonne, Elon, Jan-Willem, Camiel. Ik ben jullie enorm dankbaar dat ik in zo een warm

bad terecht ben gekomen waar ik me op alle professionele gebieden kon ontplooien. Waar we

ondanks alle drukke klinische en wetenschappelijke taken, elkaar ook persoonlijk zagen. We

konden altijd bij elkaar terecht en hadden het gezellig. Jullie hebben me altijd met raad en daad

bijgestaan en hebben de promotie struggles van dichtbij meegemaakt en hebben zelfs op het

allerlaatst nog over de stellingen meegedacht. Daarnaast ook veel dank om altijd voor mij en de
MRQJHQVY NODDU WH VWDDQ -XOOLH ZDUHQ DOWLMG EHUHLG RP
(bij jullie thuis, bij ons of in het LUMC). De stafgang was voor de jongens hun 2de thuis. Ook

GH YHOH LMVMHV VWDIGLQHUVY HQ ERUUHOV ZDUHQ DOWLMG J
YULHQGLQQHQ GH YROJHQGH LV LQ +RXWKDOHQ
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Nicoline, een speciaal woordje van dank voor jou. Dank voor al je vertrouwen en je vriendschap.
Jou op volgen als chef de poli leek een onmogelijke taak. Je hebt immers de bijzondere gave om
overal een oplossing voor te verzinnen zonder een enkel detail over het hoofd te zien. Dank voor
al je steun, de gevatte grapjes en constructieve discussies.

Aniki, als jonge klare kwam ik bij jou in het Erasmus voor een uveitis fellowship. Met alle vragen
kan ik bij je terecht, waar ook ter wereld je bent. Meestal krijg ik dan een antwoord inclusief
een foto van waar je op dat moment mee bezig bent. Ook jij bent me altijd blijven steunen in het
SURPRWLHWUDMHFW 'DQN

Juliette, Loes, Marlous, Michiel, Pauline en Valeria, medeauteurs van mijn artikelen.Jeogen,
de eerste database was nog in Access, we eindigden met een mooi 10-jaars artikel. Dank voor
al je hulp.

Ellen, Veronique, Annelies, Brigitta, Judith en Marlies. Dank voor jullie organisatorisch talent
om elke afspraak gepland te krijgen in mijn volle agenda, jullie luisterend oor en jullie praktische
HQ ORJLVFKH RSORVVLQJHQ YRRU PLMQ éFRPSOH[HE SUREOHP

Alle medewerkers van de Oogheelkunde, het OK-complex, de interventie unit en de (kinder-)
UHXPDWRORJLH LQ KHW /80& GDQN YRRU GH SUHWWLJH VDPHQZ
en jullie onuitputtelijke inzet is uniek.

Mijn toekomstige collega’s in het Laurentius ziekenhuis: David, Diana, Hank, Marieke, Palwasha
HQ 5XWJHU N NLMN HU QDDU XLW RP LQ MXOOLH WHDP WDPF

Tanja en Nick, Desiree en Robin, Ghais en llona, onze vriendschap gaat terug tot ons eerste
OWG. Dank voor jullie vriendschap, de jaarlijkse weekendjes weg zijn inmiddels legendarisch.
We passen volgens mij inmiddels niet meer in 1 huisje met alle kinderen.

Conc m nB m ,anh YenvachLuyen, anh Dung va chi Thrinh, va chu Lich va thim Van Anh
aluén ngh valudnludnsnsanggitp . Conr tvuikhi ¢ nhin th y cac chau hoa ng

v inhau. Thigianspt icac chau s ch ichung vinhau nhiuh nvagia inh minh s sum

h pnhiuhn nhamicav ch ngcon.

Yuhan en Lianne, het is niet met woorden te beschrijven hoe dankbaar en trots ik ben met jullie

als broer en zus. Jullie sportieve inzet en volharding hebben me doen beseffen dat alles mogelijk

is in het leven, als je je er maar goed genoeg voor inzet en je niet opgeeft. Het blijft vertrouwd

HQ MQ RP PHW MXOOLH RYHU EDGPLQWRQ HQ DQGHUH GLQUJHC(
dokter zijn te maken hebben. Want wat weet een simpele oogarts daar nu van... En ondanks jullie
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GUXNNH VFKHPDéV PDNHQ MXOOLH DOWLMG WLMG YRRU PLM ,Q
zus is overigens ook goed voor mijn nederigheid. Yuhan en Willemijn, ook voor jullie wordt dit

HHQ VSDQQHQG MDDU PHW YHHO YHUDQGHULQJHQ +HW LV MQ R
PHHPDNHQ /LDQQH HQ ,QGUD LQ 3DULMV JLWWHQ ZLM RS GH HH

Lieve mam en pap. Dank voor jullie onuitputtelijke liefde, vertrouwen en steun. Jullie hebben me
laten zien dat je met hard werken veel kan bereiken. Er is voor jullie nooit iets teveel en ik kan
altijd op jullie hulp, relativering en wijs advies rekenen. De afgelopen jaren zijn jullie vaker komen
logeren in Voorschoten. Ik ben jullie enorm dankbaar dat ik in zo een liefdevol gezin heb mogen
opgroeien en ben blij dat jullie dezelfde normen en waarden ook aan de jongens doorgeven.

Lieve Lai, al jaren ben je mijn zielsverwant. Wat hebben we al veel meegemaakt samen, van
zuur-base evenwicht tot opvoedkwesties en feng shui. Wetenschap heeft ook jou altijd geboeid

HQ VDPHQ NRQGHQ ZH HU JRHG RYHU VSDUUHQ -H OHHUGH PH V
zijn en maakt van elke aankoop een afding feestje. We hebben prachtige reizen gemaakt. Wat

kijk ik er naar uit om meer tijd met elkaar door te kunnen brengen in ons nieuwe paleisje. Dank

YRRU DO MH OLHIGH

Natan en Fabian, mijn ondeugende jongens. Mama haar boek is af, we kunnen nu gaan genieten

in ons nieuwe huis. Lieve Natan, mijn grote, sportieve en wijze jongen. Je bouwt in no time de

meest ingenieuze LEGO bouwwerken waar mama niet eens van weet hoe je het tberhaupt kan

verzinnen. Blijf zo vrolijk en nieuwsgierig als je bent. Lieve Fabian, wat ben jij een energieke en

eigenwijze jongen. Dol op lezen, spelletjes spelen en knuffelen (en pasta). Met je eerlijkheid en
HOQWKRXVLDVPH SDN MH LHGHUHHQ LQ -LM JHHIW QRRLW RSd QX
kijkt er naar uit om nog meer avonturen te beleven.
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CURRICULUM VITAE

$QQHOLH 1DWKDQDHOH 7DQ ZDV ERUQ RQ 2FWREHU WK LQ
school at the Heilig Graf instituut (mathematics-science) in Bilzen, she started medical school in

2003 at Maastricht University, the Netherlands. During medical school she was offered a place

in the honours program international track medicine with internships in the United Kingdom,

Australia and Belgium. She received her medical degree in May 2009. She developed interest

LQ WKH HOG RI 2SWKDOPRORJ\ DQG VKH VWDUWHG D VFLHQW
Dr. T.T.J.M. Berendschot and Dr. J. de Brabander in 2006. During medical school she completed

senior clinical internships in ophthalmology at the University clinic in Ghent, Belgium and at the
8QLYHUVLW\ (\H &0OLQLF ODDVWULFKW +HU VFLHQWL F LQWHUC
Prof. dr. H.J.M. Beckers and Prof. dr. C.A.B. Webers and was the beginning of this doctoral thesis

which she started in June 2009. In December 2009 she started her residency in Ophthalmology

at the University Eye Clinic Maastricht and Catharina hospital in Eindhoven. The author
continued her PhD project during her residency and thereafter and presented her work at

various meetings and conferences. In December 2014 she became an ophthalmologist and from
January 2015 onwards she was appointed a staff position at Leiden University Medical Center,

The Netherlands. Her subspecialties were glaucoma and uveitis. Meanwhile she completed a

uveitis fellowship (2015) under supervision of Prof. dr. A. Rothova at Erasmus MC and worked

at Bronovo hospital (October 2015-June 2016). In 2021 she became medical manager of the
outpatient clinic at Leiden UMC. From March 2023 onwards, she will start working in Laurentius

Hospital in Roermond, the Netherlands. Currently the author is living in Voorschoten with her

husband Lai and her sons Natan and Fabian.
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