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Abstract

Background: To report the results of the repair of conjunctival erosions resulting from glaucoma drainage device

surgery using collagen-glycosaminoglycane matrices (CGM).

Methods: Case series of 8 patients who underwent revision surgery due to conjunctival defects with exposed
tubes through necrosis of the overlying scleral flap and conjunctiva after Baerveldt drainage device surgery. The
defects were repaired by lateral displacement of the tube towards the sclera, with a slice of a CGM as a patch,

covered by adjacent conjunctiva.

Result: Successful, lasting closure (follow-up of 12 to 42 months) of the conjunctival defects was achieved without

any side-effects or complications in all eight cases.

Conclusions: Erosion of the drainage tube, creating buttonholes in the conjunctiva after implantation of glaucoma
drainage devices, is a potentially serious problem. It can be managed successfully using a biodegradable CGM as a patch.
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Background

Conjunctival defects after penetrating glaucoma surgery,
e.g. trabeculectomy or insertion of episcleral glaucoma
drainage devices, are rare but severe complications. The
defects often lead to leakage and contact between the
anterior chamber and surrounding surfaces with the risk
of subsequent carry-over of bacteria, blebitis and en-
dophthalmitis [1-5].

In the case of trabeculectomy, especially after use of
antimetabolites such as mitomycin-C (MMC) and 5-
fluoruracile (5-FU), conjunctival defects can even occur
a long time after surgery. Antimetabolites, which are
very useful for prevention of scarring, affect wound
healing processes and lead to the formation of thin-
walled blebs [6].
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After implantation of an episcleral glaucoma drainage
device (GDD, e.g. the non-valved Baerveldt (Advanced
Medical Optics, USA) or the valved Ahmed (New World
Medical, USA) etc.), complications such as erosion of
the tube (GDD-specific) or even the plate of the implant
through the conjunctiva occur in 2-7% cases [1-5]. As
with late bleb leakage after trabeculectomy, erosion of
the conjunctiva exposing the tube of the GDD makes re-
vision surgery necessary [7]. Erosion of the conjunctiva
on top of the tube or the implant is more frequent in
eyes with a history of multiple intraocular surgeries.

To repair erosion of the conjunctiva, a patch is usually
placed on top of the tube and the conjunctiva is closed
above this patch. Due to the surrounding scar tissue and
the fragile structure of the frequently inflamed tissue
around the tube, specialist knowledge and skill are re-
quired to achieve long-lasting wound closure in conjunc-
tiva surgery. As reported in a case report [8], we favour
a combination of re-fixation of the tube to the sclera

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12886-018-0721-6&domain=pdf
http://orcid.org/0000-0002-5352-9931
mailto:andre.rosentreter@googlemail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Rosentreter et al. BMC Ophthalmology (2018) 18:60

with prior lateral displacement of the tube, followed by
patching of the implant with a slice of a biodegradable
implant (ologen™ implant, Aeon Astron Corporation,
The Netherlands) in combination with conjunctival
advancement. The aim of the lateral displacement of the
tube is to avoid mechanical problems between the tube
and lid margin at the previous point of conjunctival ero-
sion, which could trigger repeated conjunctival erosion.

Since only a small number of patients suffer from con-
junctival erosion after glaucoma drainage device surgery
(2-7%) [1-5], we present a case-series of just eight
patients who underwent such surgery. We hereby focus
not only on the surgical success in covering the defect,
but also on intraocular pressure, antiglaucomatous medi-
cation, visual acuity and the need for further surgical
interventions.

Methods

Patients and preoperative examination

Our study was based on a retrospective consecutive
case series of eight patients who were treated for
buttonholes [Fig. la] after glacuoma drainage device
surgery between 2009 and 2016 in the Center of
Ophthalmology, University of Cologne. Due to the
retrospective study design and no further patient
examinations, an ethics vote was considered unneces-
sary (§ 2 (1) and (2) of the Statutes of the Ethics Com-
mittee of the University of Liibeck). All surgeries were
performed by an experienced glaucoma surgeon (TD).
In all cases, an episcleral glaucoma drainage device was
used after several preliminary operations (minimum 2)
for intractable glaucoma. After a minimum of 1 month
and a maximum of 6 years conjunctival erosion of the
tube occurred.

Before surgical intervention, all patients underwent a
baseline examination, which included measurement of
best-corrected visual acuity (ETDRS charts, Lighthouse,
Long Island, USA), visual field examination (30-2, Octopus
perimeter 101, Haag-Streit, Switzerland), biomicroscopy,
gonioscopy, and Goldmann applanation tonometry.

Surgical technique and follow-up

The surgical procedure was performed under either gen-
eral or local anesthesia, according to the patient’s prefer-
ence. As described in our previous publication [8], the
tubes were laterally displaced, fixed to the sclera with a
horizontal mattress 10—0 nylon suture (knots recessed
to the sclera), and covered with a slice of an ologen™ im-
plant of 1-2 mm thickness. The conjunctiva was closed
after mobilisation with a rotational flap of adjacent
conjunctiva [Fig. 1b & ¢; 2]. Postoperatively, the patients
received topical antibiotics three times a day for 2 weeks
and low-dose steroids three times a day for 3 weeks.
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Fig. 1 Chronological order. a Conjunctival buttonhole of

1x0.5 mm with exposure of the tube; arrow indicates the area
of exposure. b Conjunctival defect closed with conjunctival
hyperemia and underlying ologen implant at 2 months after
surgery; dashed line shows the size of the ologen slice. ¢ Stable
re-epithelialisation at 10 months following surgery; arrow indicates the
former area of exposure, the dashed arrow shows the displaced tube.
The ologen implant has already been resorbed at this time
(Complete resorption is usually seen between the third and sixth

postoperative months)

Postoperative examinations were performed on a daily
basis during hospitalisation. After hospitalisation, follow-
up visits were arranged at 1 and 4 weeks and 3, 6, 12
and 24 months after surgery. At each visit all the above-
mentioned examinations, except for visual-field testing
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and gonioscopy, were repeated. Side-effects and compli-
cations were recorded during postoperative follow-ups.

Ologen™ implant
The ologen™ implant (Aeon Astron Europe B.V., the
Netherlands) is a porous implant comprising > 90%
lyophilized porcine atelocollagen and < 10% lyophilized
glycosaminoglycan with a pore size of 20 to 200 um
[Fig. 2]. In our study we used a cylindrical (12 mm diam-
eter) implant of 1 mm in height, either folded or unfolded,
and in some cases cut down to a slice of 5 x 5 mm.
Atelocollagen is a highly purified pepsin-treated type I
collagen. A collagen molecule has an amino acid sequence,
known as a telopeptide, at both N- and C-terminals, which
confers most of the collagen’s antigenicity. Atelocollagen
obtained by pepsin treatment is low in immunogenicity,
because it is free of telopeptides [8, 9].

Statistics

Primary endpoint and surgical success were defined as
complete wound closure without leakage of aqueous
humour. Secondary endpoints were IOP control without
the need for further revision surgery. Pre- and postopera-
tive antiglaucomatous medication was classified according
to a medication score [10].

The datasets used and/or analysed during the current
study available are from the corresponding author on
reasonable request. Statistical analysis was performed
using Prism software (version 5, GraphPad software). Dif-
ferences between preoperative and postoperative IOP and
medication were compared by the non-parametric ¢-test,
as the values were considered to be distributed non-
parametrically (Mann-Whitney test, two-tailed). P-values
of less than 0.05 were considered statistically significant.

Results

In most cases the buttonholes occurred directly adjacent to
the lid margin. Patient characteristics are given in Table 1;
showing that the patients had multiple preoperated eyes.
Erosion of conjunctiva occurred after a minimum of one
and a maximum of 70 months after glaucoma drainage

d‘b Vicryl 7-0

Nylon 10-0

conjunctiva

ologen™

sclera

Fig. 2 Schematic view of the different layers at the end of surgery
(GDD: glaucoma drainage device)
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device surgery with a mean of 25.1 +30.8 months. We
could not detect any ologen™ specific side-effects such as
allergy or translocation of the implant on postoperative
follow-up visits. No severe postoperative complications
were detected and conjunctiva remained healthy and
closed on follow-up.

The course of intraocular pressure changes and medi-
cation score is shown in Table 2. The mean follow-up
time was 26.8 £ 9.0 months. Further glaucoma surgery
was necessary in three cases: in one case (patient #2) an
additional glaucoma drainage device was used, while in
two cases (patient #4 & #6) additional cyclophotocoagu-
lation was applied.

Discussion

Glaucoma drainage device surgery is a useful adjunct in
the treatment of refractory glaucoma despite having a
few serious complications [1, 11-13]. As a consequence
of the results of the TVT study [14, 15], glaucoma drain-
age device surgery is now being used more frequently
than in the past and at an earlier stage (typical situation:
Pseudophakic eyes with one or two failed trabeculec-
tomies). Since this surgical method is now carried out
more frequently, an increasing number of typical side-
effects should be taken into consideration. One such
complication is thinning of the conjunctiva directly
above the tube with complete erosion of the overlying
tissue [5]. This may result in leakage and is always an
indication for revision surgery, as this entrance gate is a
potential source of endophthalmitis [7].

The exact mechanism of conjunctival erosion remains
unclear since, as far as could be seen, the implants and
the tubes were correctly positioned. The buttonholes
are probably formed either due to mechanical stress at
the lid margin or due to the gap between the tube and
sclera posterior to the scleral flap arising through the
architecture of the glaucoma drainage devices near the
basal plate.

To prevent conjunctival erosion, the tube should be
patched during primary surgery and the patch covered
with conjunctiva. The tube can be patched either with a
scleral flap or with bovine pericardium, human sclera or
other materials. The use of patched tubes has decreased
the exposure rate from 30% to less than 5% [5]. In our
case series all tubes were patched with a scleral flap in
primary surgery.

Should a penetrating defect in the conjunctiva never-
theless occur during follow-up, it can be difficult to
achieve closure of conjunctiva. A few methods for
closing these defects in the conjunctiva have been de-
scribed previously: For direct suture of the defect and
use of conjunctival autografts, the results in literature
show different success rates: A simple conjunctival closure
is inadequate [16]. Reports on conjunctival autografts and
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Table 1 Patient characteristics for the presented case series of eight patients

Page 4 of 5

# Age [years] Type of glaucoma Preliminary surgeries Erosion of conjunctiva BCVA [LogMAR]
after xxx months

P1 51 Angle closure IE, Phaco, ppV, TE 70 0.20

P2 49 XFG Phaco, TA, TE 2 0.20

P3 12 Uveitic Phaco, TE 1 0.20

P4 57 Silicon oil ppV, TE 4 0.80

P5 41 Silicon oil ppV, TE 4 1.00

P6 81 Uveitic Phaco, TE 60 Light perception
P7 18 Uveitic Phaco, ppV 56 0.60

P8 44 Traumatic 2x TE 4 0.00

Mean + SD 441 +£218 25.1£308

BCVA best-corrected visual acuity, IE Iridectomy, Phaco Phacoemulsification, ppV pars plana vitrectomy, SD standard deviation, TA trabecular aspiration, TE trabeculectomy,

XFG Pseudoexfoliation glaucoma

conjunctival closure with a patch graft provided better re-
sults (Success rates: acellular human dermis patch graft:
83%; autologous scleral lamellar graft: 100%) [5, 16]. Also
good results have been reported with amniotic mem-
branes and additional application of autologous serum in
a few cases of conjunctival erosion (Three cases; 100%
success; follow-up: 6-30 months) [17].

Table 2 Intraocular pressure and antiglaucomatous medication
score preoperative and at different points of follow-up

Intraocular pressure [mmHg]

# preOP di 12m Last follow-up (xx mo)
P1 15 13 15 16 (24 mo)

P2 19 23 15 13 (24 mo)

P3 25 10 12 14 (24 mo)

P4 17 - 15 9 (42 mo)

P5 25 24 17 16 (24 mo)

P6 19 11 19 19 (12 mo)

P7 16 21 6 9 (28 mo)

P8 14 - 12 19 (36 mo)
Mean+SD 188+42 170+64 139+£39 144+39

Medication score

# preOP di 12m Last follow-up (xx mo)
P1 2 2 0 0 (24 mo)

P2 0 0 6 0 (24 mo)

P3 10 0 5 4 (24 mo)

P4 6 - 6 0 (42 mo)

P5 8 5 5 5 (24 mo)

P6 0 0 6 6 (12 mo)

P7 0 0 0 0 (28 mo)

P8 3 - 3 4 (36 mo)

Mean+SD  36+£39 12+£20 39+£26  24+£26

12 m =12 months after surgery; d1 =1 day after surgery; IOP = intraocular
pressure; MedScore = medication score; preOP = preoperative

Preliminary studies on bioengineered, biodegradable im-
plants suggest that a porous collagen-glycosaminoglycane
matrix (CGM; ologen™) will reduce conjunctival contrac-
tion and promote formation of an almost normal subcon-
junctival stroma [18-20]. Moreover, the use of the
ologen™ implant was also described in primary glaucoma
drainage device surgery as a patch with a good success
rate [21]. This led us to try CGM in a single case of revi-
sion surgery after buttonhole formation on top of the
drainage device tube [8]. After use of a total of eight CGM
in revision surgery, we can confirm the persistent closure
of conjunctival defects in all cases. No severe postopera-
tive complications or CGM-specific side-effects were
detected in our study series.

Except the patching of the tube with an ologen™
implant, the lateral displacement of the tube also ap-
pears to be decisive in our approach. This prevents
the previously damaged conjunctiva from contact with
the tube.

Conclusion

Our case series shows that the described method with
lateral displacement of the tube and patching with
CGM is a possible alternative in revision surgery for
repair of eroded conjunctiva overlying the tube of the
glaucoma drainage device. Possible positive effects of
the CGM are the avoidance of direct contact between
the conjuctiva and the tube and the fact that CGM
acts as a wound healing scaffold for structurally more
normal tissue rather than structurally deficient scar
tissue. Moreover, CGM probably minimizes movement
of the conjunctiva in relation to the tube thus facili-
tating wound healing.
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5-FU: 5-fluoruracile; CGM: Collagen-glycosaminoglycane matrices;
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