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Abstract

Purpose To present the long-term results of ab externo
trabeculotomy in the management of glaucoma secondary to
chronic uveitis.

Methods In this retrospective single-centre case series, medi-
cal records of patients with glaucoma secondary to chronic
uveitis, who underwent ab externo trabeculotomy, were eval-
uated. Two definitions of success were used: intraocular pres-
sure (IOP) 6<IOP<21 mmHg (success 1) or 6<IOP<21 mmHg
and at least 25 % reduction from baseline (success 2). Success
was complete when no additional medication was required or
qualified when additional medication or cycloablative proce-
dures were required to achieve the specific IOP definition.
Results Twenty-two eyes of 18 patients were included. After
3 years, median IOP decreased from 27 mmHg [range 17—
43 mmHg, mean 27.5 mmHg, 95 % confidence interval of
the mean (CI) 24.5-30.5 mmHg] to 15 mmHg (range 9-—
19 mmHg, mean 14.5 mmHg, CI 13—-16.1 mmHg). Complete
and qualified success 1 was 23 and 45 % after 3 years, respec-
tively. For success 2, the rates were 23 and 32 %, respectively.
Hyphema was the most common complication, which re-
solved completely within 1 month after surgery without fur-
ther intervention.

Conclusion Trabeculotomy ab externo was moderately suc-
cessful in glaucoma secondary to chronic uveitis after 3 years.
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No sight-threatening complications were observed during the
follow-up period.
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Introduction

Secondary glaucoma is a common and potentially devastating
complication in chronic forms of uveitis [1-3]. In uveitis, a
breakdown of the blood-ocular barrier leads to influx of pro-
teins as well as inflammatory and immunocompetent cells,
cytokines and chemokines, leading to alteration in the aqueous
humor composition [4, 5]. Several mechanisms are involved
in the pathogenesis of uveitic glaucoma (UG), including ob-
struction of the trabecular meshwork (TM) by inflammatory
cells and proteins, direct TM tissue damage, formation of an-
terior synechia, steroid-induced alteration of the TM function,
and neovascularization [6]. Management of UG is challeng-
ing. Considering the limitations of the medical antiglaucoma
therapy, surgery is often required to achieve a significant and
sustained lowering of the intraocular pressure (IOP) [7]. Dif-
ferent approaches have been proposed in the surgical treat-
ment of refractory UG, such as transscleral diode laser cyclo-
photocoagulation (TDLC), trabeculectomy with and without
antimetabolites, deep sclerectomy and glaucoma drainage de-
vices [8-22]. To our knowledge, the role of trabeculotomy ab
externo in UG has not yet been described. A major advantage
of'the procedure is that it improves outflow facility without the
need of external fistulation with its bleb-related complications.
In the present study, the efficacy and safety of ab externo
trabeculotomy in the treatment of glaucoma secondary to
chronic uveitis were investigated.
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Patients and methods

In this study, all medical records of consecutive patients with
UG who underwent ab externo trabeculotomy between
June 2004 and May 2011 in the Centre for Ophthalmology
at the University Hospital Tiibingen, were reviewed. Glauco-
ma was defined as the presence of either glaucomatous optic
disc damage and/or glaucomatous visual field defect accord-
ing to the guidelines of the European Glaucoma Society. In all
patients, surgery was required because of uncontrolled IOP on
maximal tolerated glaucoma medications. If cycloablative
procedures had been performed first, trabeculotomy was per-
formed after at least 4 weeks. We documented age at surgery,
gender, preoperative and postoperative best corrected visual
acuity (BCVA), IOP, number of glaucoma medications and
postoperative complications for each patient. Two definitions
of success were used: 6 mmHg<IOP<21 mmHg (success 1)
and 6 mmHg<IOP<21 mmHg and at least 25 % reduction
from baseline (success 2). If after glaucoma surgery further
glaucoma medication was required, the outcome was de-
scribed as a qualified success, and when the patient was free
of glaucoma medication after the surgery, the outcome was
considered a complete success. If cycloablative procedures
were needed to control the IOP postoperatively, this was con-
sidered as qualified success. Failure of the procedure was de-
fined as IOP>21 mmHg at 2 consecutive visits despite re-
introduction of glaucoma medications, which required further
surgical interventions such as filtering surgery or the implan-
tation of an Ahmed glaucoma valve. In these eyes, the exam-
ination before the reoperation was considered as the final
follow-up examination for the patient.

This work adhered to the tenets of the Declaration of Hel-
sinki. According to German legislation and the requirements
of the local institutional review board (IRB), completely
anonymized data was used for this study.

Operative technique

Uveitis was inactive for at least 3 months in all eyes before
surgery. All patients received systemic body weight-adjusted
oral steroid therapy starting with 1 mg per kg 5 days prior to
surgery. Steroids were tapered over 10—12 weeks after
surgery.

The surgical procedure followed the technique described
previously [23]. Briefly, after conjunctival incision, a 4x4-
mm scleral flap at four-fifths thickness was created at the
corneal limbus. The Schlemm’s canal was identified and de-
roofed. U-shaped probes were then inserted into both ends of
the opened canal and rotated 90 degrees against the trabecular
meshwork. Rotation of the probes achieved at least a 120-
degree opening of the trabecular meshwork. The scleral flap
was then closed watertight. Postoperative treatment comprised
topical administration of combined antibiotic corticosteroid
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medication for 2 weeks. Pilocarpine 1 % was given postoper-
atively for 4 weeks to avoid formation of peripheral anterior
synechia.

Statistical analysis

For statistical analysis, chi-squared tests, Fisher’s exact test,
and rank-sum tests were performed using JMP software (ver-
sion 11.0, SAS Institute Inc., Cary, NC, USA). Values of p less
than 0.05 were considered to reflect statistically significant
differences.

Table 1  Patients’ demographics and characteristics
Demographic

General

Eyes, n (%) 22
Right 11
Left 11
Female, n (%) 4(18)
Male, n (%) 18 (82)
Age (years)

Mean=+tstandard deviation 38+20.7
Range 11-74
Type of uveitis, n (%)

Herpetic 209
Granulomatous 209
Idiopathic anterior 8 (36)
Idiopathic intermedia 4 (18)
Idiopathic posterior 1(5)
Fuchs uveitis syndrome 5(23)
Baseline IOP, mmHg

Median 27
Range 1743
95 % confidence interval 24.5-30.5
Baseline glaucoma medications

Median 5
Range 3-5
95 % confidence interval 4.2-5
Previous glaucoma surgery, n (%) 16 (73)
Cyclophotocoagulation, n (%) 11 (69)
Cyclocryocoagulation, n (%) 5@30D
Lens status, n (%)

Phakic 8 (36)
Pseudophakic 8 (36)
Aphakic 6 (27)
Systemic immunosuppressive therapy, n (%)

None 8 (44)
1 medication 4(22)
2 medications 6 (33)
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Results
Demographics

Twenty-two eyes of 18 patients were included in the study.
Demographic characteristics of the patients are summarized in
Table 1. Systemic immunosuppressive medication included
prednisolone, methotrexate, mycophenolate mofetil and my-
cophenolate sodium, adalimumab, and azathioprine.

Ocular pressure and antiglaucoma medications

Median IOP decreased significantly from 27 mmHg (range
17-43 mmHg, mean 27.5 mmHg, 95%CI 24.5-30.5 mmHg)
at baseline to 15.0 mmHg (range 9-19 mmHg, mean
14.5 mmHg, CI 13-16.1 mmHg) after 3 years (»p<0.001,
Fig. 1). Figure 2 shows the median IOP at different time
points.

The median number of antiglaucoma medications de-
creased from 5 (range 3-5, CI 4.2-5.0) at baseline to 1 (range
0-3, CI 0.5-1.7) after 3 years (p<0.001). Combination glau-
coma medications were enumerated as individual medica-
tions. Thirteen patients (13 eyes) received systemic acetazol-
amide prior to surgery. In these cases, acetazolamide was

Fig. 1 Scatterplot diagram of
IOP at baseline and at 3 years.
Eyes with failure were not
included

I0P 3 years (mmHg)

enumerated as an individual medication. No patient received
acetazolamide after surgery.

Success

Table 2 shows the success results. Interestingly, if complete
success was achieved, it fulfilled the stricter criteria (success
2) in all cases. Three eyes required one cycloablative proce-
dure within 6 months after surgery. One eye required two
cycloablative procedures after 6 and 12 months. IOP was con-
trolled in all of these eyes. They were considered as qualified
successes.

Seven eyes were considered as failures. Failure occurred
within the first 3 months in six eyes and after 7 months in one
eye. In all these eyes, an Ahmed glaucoma valve was im-
planted. The uveitis remained inactive and the immunosup-
pressive therapy did not need to be intensified during the study
period in all patients.

Complications

Complications are presented in Table 3. We did not observe
any sight-threatening complications after 3 years of follow-up.

10 15 20 25 30 35 40 45

Baseline IOP (mmHg)
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Fig. 2 Median IOP at different time points. The decrease in median [OP
was statistically significant for all time points compared to the baseline
value. The whiskers represent the range of IOP. One eye with an IOP of
31 mmHg at one visit at the 1-year follow up was treated with a
cycloablative procedure, which was able to control IOP during further
follow up. Similarly, one eye had an IOP of 24 mmHg at one visit at the 2-
year follow up. The IOP could be controlled with additional anti-
glaucoma medication. Eyes with failure were not included

Discussion

Glaucoma is a common, potentially sight-threatening compli-
cation of chronic uveitis. The reported incidence of UG is
between 6.5 and 46 % [1, 2, 24, 25]. It increases in the course
of chronic uveitis from 6.5 % after 1 year to 22.3 % after
10 years [25]. Surgical treatment is often required to control
IOP in UG. Transscleral diode cyclophotocoagulation, deep
sclerectomy, trabeculectomy with and without antimetabo-
lites, and glaucoma drainage devices have been used with
variable success.

Schlote et al. reported a success rate of 77.2 % after 1 year
for TDLC in the treatment of UG. Similar results were report-
ed for patients with Fuchs uveitis syndrome (FUS) [20, 22].
However, more than one TDLC treatment was necessary to
achieve success in the majority of eyes. Also, the efficacy of
TDLC seems to depend on the type of uveitis. Heinz et al.
reported a failure rate of 68 % for TDLC in a series of 21 eyes
with glaucoma secondary to juvenile idiopathic arthritis. In-
terestingly, in the present study, failure was more common in

patients with FUS (four of five eyes) and granulomatous uve-
itis (two of two eyes). However, while different treatment
approaches might produce different results depending on the
type of uveitis, the small number of eyes in the various uveitis
subgroups in our study does not allow for further statistical
analysis.

Non-penetrating deep sclerectomy (NPDS) is another op-
tion in the treatment of UG. It has been introduced to avoid
bleb-related postoperative complications of filtration surgery.
Dupas et al. reported in a prospective comparative study sim-
ilar success rates for NPDS and trabeculectomy in UG after
1 year. However, deep sclerectomy patients required signifi-
cantly more postoperative adjustments in the form of
goniopuncture or needling to achieve success compared to
the trabeculectomy group [12]. Similar results were reported
by others as well [8, 26]. However, there are no sufficient
long-term data of deep sclerectomy in the treatment of UG.
One study reported a success rate of 18.9 % after 30 months,
which is lower than the success rates for trabeculotomy ab
externo in the current study [27].

Trabeculectomy with or without antimetabolites has also
been studied in patients with UG. Promising results with suc-
cess rates of 90 and 79 % after 1 and 2 years, respectively,
have been reported for trabeculectomy with mitomycin C [9,
18]. Stavrou et al. reported a qualified success rate of 78 %
(IOP<21 mmHg) in a case series of 32 eyes with UG after
5 years [21]. However, patients with UG more often develop a
cystic bleb and require significantly more postoperative pro-
cedures compared to patients with primary open-angle glau-
coma [18]. Also, the incidence of potentially sight-threatening
complications like persistent postoperative hypotony and hy-
potony maculopathy is considerably higher in uveitic patients
[16].

Glaucoma drainage devices (GDDs) are an alternative ap-
proach in the treatment of uncontrolled UG. Ceballos et al.
reported a success rate of 91.7 % with the Baerveldt glaucoma
drainage device after 2 years [10]. Very promising results have
been reported for the Molteno implant with a success rate of
75 % after 10 years [17]. Papadaki et al. showed good results

Table 2 Success rates

Success rate n (%)

1 year 2 years 3 years
n=22 n=22 n=22
Complete success
<21 mmHg 4 (18) 3 (14) 5(23)
<21 mmHg and >25 % IOP reduction from baseline 4 (18) 3(14) 5(23)
Qualified success
<21 mmHg 11 (50) 12 (55) 10 (45)
<21 mmHg and >25 % IOP reduction from baseline 8 (36) 9 (41) 7 (32)
Failure 7(32) 7 (32) 7 (32)
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Table 3 Postoperative
complications Complication N (%) Management
Hyphema 7 (32) Self-limited
Hypotony 1(5) Injection of sodium hyaluronate in the anterior chamber
External filtration 1(5) Observation
Vitreous prolapse in anterior chamber 1(5 Anterior vitrectomy

for the Ahmed glaucoma valve in UG with success rates of 77
and 50 % after 1 and 4 years, respectively [19]. However, high
success rates of GDD go along with possible serious postop-
erative complications like postoperative hypotony, hypotony
maculopathy, choroidal effusion and corneal endothelium
dysfunction [10, 17, 28]. Also, the postoperative Tenon cyst
formation is considered a rate-limiting step in the success of
glaucoma implant surgery [29-32]. The reported incidence of
the encapsulated bleb formation ranges between 23 and
42.8 % [30, 32]. Gil-Carrasco et al. reported that encapsulated
blebs tend to occur in young patients (range 2244 years),
which corresponds to the typical age of patients with UG [30].

In a recent study, Anton et al. showed that trabeculectomy
ab interno with the Trabectome® can be used in patients with
UG. The short-term results showed an IOP reduction of ap-
proximately 40 % and a medication reduction from 2 to 0.67.
These results are similar to the efficacy of the current study.
However, comparison is difficult because of heterogenic study
populations and somewhat different success criteria [33].

Compared to the above surgical techniques, trabeculotomy
ab externo was moderately successful as a stand-alone proce-
dure in our case series. However, the use of glaucoma medi-
cations or cycloablative procedures improved the success rates
considerably. The majority of treatment failures in the current
study occurred within the first 3 months after surgery. Most of
these patients were under the age of 30 years (4/7, range 15—
43 years), and had either FUS (four eyes) or granulomatous
uveitis (two eyes). A possible explanation for early failure in
these cases might be secondary structural abnormalities in the
Schlemm’s canal and the collecting channels associated with
longstanding uveitis. Younger age is also a possible reason for
failure, considering that an age below 30 years is a well-
known risk factor for failure in glaucoma surgery [34, 35]. It
should also be considered that FUS differs from other uveitic
forms in its unilaterality, absence of acute symptoms and the
mild anterior chamber inflammation which is irresponsive to
steroids [36]. It is, therefore, possible that the specific features
of FUS lead to different results of glaucoma treatment in these
patients compared to glaucoma secondary to other uveitis
entities.

The high safety profile of trabeculotomy ab externo is a
major advantage of the procedure compared to filtration sur-
gery. The most common complication in our study was the
postoperative hyphema, which resolved completely within

1 month without any further intervention in all cases. Actually,
one could argue if hyphema is a complication of the procedure
at all since it could be interpreted as a sign of patency of the
Schlemm’s canal and the collector channels. Postoperative
hypotony is a feared complication of filtration surgery. In the
current study, one eye (5 %) developed early postoperative
hypotony which was controlled and resolved after a single
injection of sodium hyaluronate in the anterior chamber.

A drawback of the current study is its retrospective design.
The decision for a surgical intervention was purely at the
individual surgeon’s discretion. Additionally, a variety of
UG types and a broad spectrum of disease severity were treat-
ed. This precluded determination of prognostic indicators for
success and failure. Also, both eyes were treated in four pa-
tients, which can be a confounder of results. Further, prospec-
tive studies are warranted to better evaluate the role of the
procedure in the treatment paradigm for UG.

In conclusion, this study demonstrated a moderate success
rate and a high safety profile of ab externo trabeculotomy in
patients with UG after 3 years. A major advantage of ab
externo trabeculotomy in the treatment of UG is that it im-
proves outflow facility and restores the physiological pathway
of the aqueous humor outflow without the need of external
fistulation with its bleb-related complications. Success rates
can be improved using glaucoma medication or cycloablative
procedures.
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