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ABSTRACT
Objective: To identify the risk factors for conjunctival tube erosion (CTE) in eyes implanted with Ahmed®
glaucoma valve (AGV) device.
Method: This is a retrospective study conducted at a private eye institution. Medical records of patients who
underwent AGV implantation surgery from January 2004 to December 2013 were reviewed. Eyes with at least 24
months of follow-up and complete records were included. Several variables from the pre-, intra-, and postoperative
periods were collected. The primary outcome was development of CTE after AGV surgery. Univariable logistic
regression and multivariable analysis were employed.
Results: Forty-six (46) eyes of 45 patients were included in the study. The mean follow-up was 50.2 months
(range: 24-140 months). Eight (8) eyes developed CTE (17.4%). Univariable logistic regression analysis identified
female gender (P  =0.064), presence of diabetes (P  =0.083), prior intraocular surgeries (P  =0.09), and postoperative
use of antiglaucoma medications (P  =0.086) to be marginally significant risk factors for CTE. On multivariable
analysis, only female gender (OR=15.4, P  =0.033) and diabetes (OR=14.1, P  =0.031) were found to be significantly
associated with CTE.
Conclusion: Risk factors for CTE following AGV implantation include female gender and presence of diabetes.
Keywords: conjunctival tube erosion, Ahmed® glaucoma valve, glaucoma drainage device, glaucoma, autologous
scleral flap
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Glaucoma drainage devices (GDD) are essential
in the management of refractory glaucoma.1-4
Indications include glaucoma types with high rates of
trabeculectomy failure (i.e. neovascular, uveitic, apha
kic, and pseudophakic glaucoma) and in the presence
of conjunctival scarring from previous intraocular
surgeries including failed trabeculectomies.1,5
Results from the tube versus trabeculectomy
(TVT) study have inspired better confidence in the
use of glaucoma drainage devices. In the said study, a
higher success rate was observed in the tube implant
group compared to the trabeculectomy group. While
similar reductions in intraocular pressure (IOP)
were seen in both groups, the trabeculectomy group
required more additional glaucoma surgeries for IOP
control.6
A review of literature yields numerous studies
on the efficacy and safety of GDDs.1,7-9,10-11 However,
despite the reports on successes of GDDs, there are
serious drawbacks. Tube exposure through eroded
conjunctiva is one of the more severe complications
of GDD surgeries.7,12 The rate of conjunctival tube
erosion (CTE) after GDD surgery ranges from 0.8
to 6.3%. CTE is identified as a major risk factor for
endophthalmitis following GDD implantation. In
a study by Al Torbak et al. consisting of 542 eyes
implanted with GDD, endophthalmitis developed
in 9 eyes (1.7%). In 6 out of 9 cases, CTE was
present.8
Determinants for the development of CTE
include age, gender, ethnicity, orbital dimension,
presence of health comorbidities, diagnosis, chronic
use of topical medications, number of previous and
concomitant ocular surgeries, and type of patch graft
used.13-16 Nevertheless the strengths of association of
the risk factors have not been established. A study by
Muir and colleagues identified gender as the strongest
risk factor while Trubnik et al. found concomitant
ocular procedures with GDD are associated with
CTEs. Such lack of consensus led us to investigate
and identify the risk factors for CTE in eyes implanted
with the Ahmed glaucoma valve relevant to our
local setting. It is hoped that by doing so, the risk of
developing CTE can be reduced.
No similar studies were identified using the
different search engines such as PubMed, Google
Scholar, and the Philippine Journal of Ophthalmology
archives. The results of this study can serve as a guide
in performing GDD implantations specifically for the
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AGVs to minimize complications and increase the
success of such procedures.

METHODS
This was a retrospective study of patients
who underwent AGV implantation in a private eye
institution from January 2004 to December 2013. Only
charts with complete information and a minimum of
24-month postoperative follow-up were included in
the study.
Information during the pre-, peri-, and post
operative periods were collected from the medical
records. Preoperative data included age, gender,
presence of comorbidities (diabetes mellitus [DM],
hypertension), number of previous intraocular
surgery, preoperative IOP, and indication for AGV
implantation surgery. Previous intraocular surgery
included trabeculectomy, penetrating keratoplasty
(PKP), cataract surgery, repair of corneal laceration,
and vitrectomy. Perioperative data included date of
surgery and type of graft material used. The date of
surgery was classified as having been performed in
the dry/summer months (March to June) or wet/cold
months (July to February). Postoperative data included
immediate duration of follow-up, postoperative
IOP, presence and duration of hypertensive phase,
number of postoperative antiglaucoma medications,
application and duration of digital massage, presence
of blepharitis, use of bandage contact lens (BCL),
and date of CTE occurrence. In addition, the
number of major intraocular surgeries before the
occurrence of CTE and the number of months
from AGV implantation to CTE occurrence were
also noted.
The primary outcome variable in this study was
occurrence of CTE after AGV surgery. CTE was
defined as exposure of any part of the tube occurring
after one month of the surgery. This is differentiated
from wound dehiscence which occurs within the first
postoperative month period.13 Figure 1 shows an eye
with intact conjunctiva over the tube implant, while
figure 2 illustrates CTE.
Surgical Procedure
All surgeries involved implantation of an
Ahmed® glaucoma valve (New World Medical, Rancho
Cucamonga, CA, USA). The AGV model FP7 was
used in adults, while the FP8 model was implanted
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Figure 1. Ahmed® glaucoma valve tube (arrow) under an intact
conjunctiva 1 year after implantation with autologous lamellar
scleral patch graft.

Figure 2. Conjunctival tube erosion (arrow) in a patient with
Ahmed® glaucoma valve. Scleral donor patch graft shows partial
melt (arrowhead).

in pediatric eyes. Surgeries were performed by one
of 2 glaucoma surgeons with very similar surgical
techniques. The operative technique is described
below.
After intravenous sedation and general anesthesia
were given for adults and children respectively, proper
aseptic technique, and instillation of proparacaine eye
drops, a limbal corneal traction suture using a Vicryl or
nylon 7-0 or 8-0 was applied over the superotemporal
limbus. A 1-mm conjunctival opening was made to bare
sclera over the limbus to allow injection of lidocaine to
the sub-Tenon’s space with a blunt cannula. This was
followed by making a 3-clock hour conjunctival and
Tenon’s incision over the superotemporal limbus to
create a superotemporal fornix-based conjunctival flap
located between the superior and lateral recti muscles.
Using tenotomy scissors, the dissection was carried
towards the equator to create a pocket for the AGV
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plate. The pocket was then irrigated with lidocaine
to provide additional anesthesia. Hemostasis was
achieved with bipolar cautery. The AGV was gently
primed with balanced salt solution using a 27-gauge
cannula. The plate was then inserted into the posterior
pocket with its anterior border positioned 8-mm away
from the limbus. Vicryl 8-0 and nylon 9-0 sutures were
passed through the 2 plate eyelets to anchor the plate
to the underlying sclera. A 23-gauge needle was used
to create the scleral tube-track starting from 2-mm
posterior to the limbus entering the anterior chamber.
Viscoelastic was then injected through the tube-track
to deepen the anterior chamber. The tube was then
trimmed to adequate length, inserted bevel-up into
the anterior chamber, and anchored to the sclera
with interrupted 9-0 nylon sutures. The external
tube was covered with either a 7x7 mm limbal-based
50-75% thick lamellar-autologous scleral flap or
processed pericardium (Tutoplast®, Katena, Stewart
Ct. Danville, NJ) cut to size. An autologous scleral
patch was used when financial resources were limited.
The tube was covered with the chosen graft anchored
to the sclera by 2 to 4 interrupted nylon 10-0
sutures. The conjunctiva and Tenon’s were draped
over the tube patch and reattached to the limbus with
interrupted 10-0 nylon sutures. Vancomycin was then
used to wash the operative field. Finally, triamcinolone
acetonide was injected subconjunctivally over the
plate.
Atropine, steroid, and antibiotic eye drops were
used as postoperative medications.
Statistical Analysis
Descriptive statistics were used. Frequencies and
proportions were generated for categorical variables.
Means, standard deviations, and medians were
computed for continuous variables. Fisher’s exact
tests for proportions and independent t-tests were
used to compare the groups with and without CTE.
Univariable and multivariable logistic regressions
were used to uncover associations between potential
explanatory factors and outcomes. Odds ratio (OR)
and confidence intervals (CI) were calculated. Survival
analysis was used to compare the time to exposure
for specific exploratory variables. Data were analyzed
using a trial version of Stata IC version 13. P  -values
less than 0.10 were considered marginally significant,
while P  -values less than 0.05 were considered
statistically significant.
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RESULTS

Characteristics

Ninety-eight (98) eyes of 96 patients underwent
AGV implantation from January 2004 to December
2013. Forty-six (46) eyes of 45 patients were included
in the study. The mean duration of follow-up after
GDD surgery was 50.2 months (range: 24 - 140
months, median: 44.5 months). Surgeries were mostly
performed during wet/cold season (84.8%). Mean age
was 55.9 ± 19.0 years old. About 43.5% were female.
Diabetic patients comprised 34.8% of the sample
while hypertensive patients made up 56.5%. The top
indication for surgery was failed bleb (39.1%) followed
by neovascular glaucoma (NVG) (21.7%). Most patients
(76.1%) eyes received autologous scleral flap (Table 1).
Table 1. Patient Demographics and Baseline Characteristics of
All Eyes Included in the Study
Characteristics
Mean age ± SD (years)

55.9 ± 19.0

Gender, n (%)
Male
Female

26 (56.5)
20 (43.5)

Diabetes, n (%)
Present
Absent

16 (34.8)
30 (65.2)

Hypertension, n (%)
Present
Absent

26 (56.5)
20 (43.5)

Indication for surgery, n (%)
Failed bleb
NVG
Pseudophakic
Uveitic
Trauma
OAG
CACG
Others
Mean preoperative IOP + SD (mmHg)
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n (%)

18 (39.1)
10 (21.7)
4 (8.7)
3 (6.5)
2 (4.3)
3 (6.5)
2 (4.3)
4 (8.7)
32.8 ± 11.5

Month of surgery, n (%)
Dry/summer
Wet/cold

7 (15.2)
39 (84.8)

Graft material, n (%)
Autologous
Donor sclera
Processed pericardium (Tutoplast®)

35 (76.1)
9 (19.6)
2 (4.3)

Number of postoperative IOP-lowering
drops, n (%)
0		
1		
2		
3		

21
10
9
6

Hypertensive phase, n (%)
None
<3 months
>3 months

5 (10.9)
30 (65.2)
11 (23.9)

(45.7)
(21.7)
(19.6)
(13.0)

n (%)

Number of major ocular surgery, n (%)
		
1
		
2
		
3
		
4
		
5

14
23
6
2
1

Blepharitis, n (%)
With
Without

8 (17.4)
38 (82.6)

Bandage contact lens use, n (%)
Yes		
No		

3 (6.5)
43 (93.5)

Digital massage duration, n (%)
None
<3 months
>3 months

29 (63.0)
3 (6.5)
14 (30.4)

Postoperative IOP ± SD (mmHg)

11.7 ± 8.2

(30.4)
(50.0)
(13.0)
(4.3)
(2.2)

SD- standard deviation; NVG- neovascular glaucoma; OAG- open angle
glaucoma; CACG – chronic angle closure glaucoma; IOP- intraocular
pressure

Eight (8) eyes developed CTE (17.4%). CTE
rates were significantly higher in eyes who had chronic
angle closure glaucoma (CACG) (P  =0.027) and in
eyes which were required application of BCL in the
postoperative period (P  =0.004). CTE rates were also
marginally significantly higher in females (P  =0.056)
and diabetic patients (P=0.083) (Table 2).
Table 2. Comparison of AGV Implanted Eyes With and Without
Conjunctival Tube Erosion (CTE)
			
Eyes with Eyes without
		
Variable
CTE
CTE
P  -value
			
N=8
N=38
Month of Surgery, n (%)			
Dry/summer
1 (14.3)
6 (85.7)
0.648
Wet/cold
7 (17.9)
32 (82.1)
Mean age ± SD (years) 52.6 ± 15.5
Gender, n (%)			
Male		
2 (7.7)
Female
6 (30.0)

56.6 + 19.8

0.601

24 (92.3)
14 (70.0)

0.056

Diabetes mellitus, n (%)			
Present
5 (31.3)
11 (68.8)
Absent
3 (10.0)
27 (90.0)

0.083

Hypertension, n (%)			
Present
6 (23.1)
20 (76.9)
Absent
2 (10.0)
18 (90.0)

0.224

Indication for surgery,
n (%) 			
Failed bleb
2 (11.1)
NVG
3 (30.0)
Pseudophakic
0 (0.0)
Uveitic
0 (0.0)
Trauma
0 (0.0)
OAG
1 (33.3)

16
7
4
3
2
2

(88.9)
(70.0)
(100.0)
(100.0)
(100.0)
(66.7)

0.314
0.228
0.452
0.556
0.134
0.444
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Variable
			
CACG
Others

Eyes with
CTE
N=8
2 (100.0)
0 (0.0)

Eyes without
CTE
P  -value
N=38
0 (0.0)
4 (100.0)

Mean preoperative
IOP ± SD (in mmHg) 34.9 ± 18.0 32.3 ± 10.1; 29
Graft material, n (%)			
Autologous
7 (20.0)
28 (80.0)
Donor sclera
1 (11.1)
8 (88.9)
Processed pericardium
(Tutoplast®)
0 (0.0)
2 (100.0)
Number of IOPlowering drops, n (%)			
0		
2 (9.5)
1		
1 (10.0)
2		
3 (33.3)
3		
2 (33.3)

19
9
6
4

(90.5)
(90.0)
(66.7)
(66.7)

Hypertensive phase,
n (%)			
None
1 (20.0)
4 (80.0)
<3 months
4 (13.3)
26 (86.7)
>3 months
3 (27.3)
8 (72.7)
Number of major
ocular surgery, n (%)			
1		
2 (14.3)
12 (85.7)
2		
3 (13.0)
20 (87.0)
3		
1 (16.7)
5 (83.3)
4		
1 (50.0)
1 (50.0)
5		
1 (100.0)
0 (0.0)
Blepharitis, n (%)			
With		
3 (37.5)
5 (62.5)
Without
5 (13.2)
33 (86.8)
Bandage contact lens
use, n (%)			
Yes		
3 (100.0)
0 (0.0)
No		
5 (11.6)
38 (88.4)
Digital massage, n (%)			
None
3 (10.3)
26 (89.7)
<3months
1 (33.3)
2 (66.7)
>3months
4 (28.6)
10 (71.4)
Mean postoperative
IOP ± SD (in mmHg) 12.5 ± 6.3; 12 11.5 ± 8.7; 9.5

0.027
0.452
0.578
0.474

developing CTE as compared to nondiabetic patients.
On the other hand, every increase in the number of
IOP-lowering eye drops was found to increase the
chance of developing CTE by 1.9 times. Lastly, every
additional major intraocular surgery done was found
to increase the chance of developing CTE by 2 times
(Table 3).
Table 3. Factors Associated with Conjunctival Tube Erosion
after AGV Surgery based on Uni-variable Logistic Regression
Analysis
Variable

0.243

0.509

0.187

0.129

0.004

0.194

0.761

SD- standard deviation; NVG- neovascular glaucoma; OAG- open angle
glaucoma; CACG – chronic angle closure glaucoma; IOP- intraocular
pressure

In the univariable logistic regression analysis,
only gender (P  =0.064), diabetes (P  =0.083), number
of postoperative IOP-lowering eye drops (P  =0.086),
and number of major intraocular surgeries (P  =0.09)
were noted to be marginally significant. Specifically,
females were found to have 5.1 times greater chance of
developing CTE as compared to males, while diabetic
patients were found to have 4.1 times greater chance of
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Odds-Ratio P  -value

Month of Surgery			
Dry/summer
1.3
0.814
Wet/cold

95% CI
[0.1, 12.7]

Gender		
Male
5.1
Female

		
0.064 [0.9, 29.0]

Diabetes		
Present
4.1
Absent

		
0.083 [0.8, 20.1]

Hypertension		
Present
2.7
Absent

		
0.258 [0.5, 15.1]
		

Indication for surgery 		
Failed bleb
0.5
NVG
2.7
Pseudophakic
1
Uveitic
1
Trauma
6
OAG
2.6
CACG
1
Others
1

		
0.375 [0.1, 2.6]
0.246 [0.5, 13.8]
--------0.101 [0.7, 51.1]
0.465 [0.2, 32.4]
---------

Graft material		
Autologous
2.0
Donor sclera		
Processed pericardium
(Tutoplast®)

		
0.544 [0.2, 18.7]
		

IOP lowering drops		
0
1.9
1		
2		
3

		
0.086 [0.9, 3.7]
		
		

Hypertensive phase				
None		
		
<3 months
0.6
0.695 [0.1, 7.0]
>3 months
1.5
0.756 [0.1, 19.4]
Major surgery		
1
2.0
2		
3		
4		
5

		
0.09 [0.9, 4.5]
		
		
		

Blepharitis		
With
4.0
Without

		
0.115 [0.7, 22.0]
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Variable

Odds-Ratio P  -value

Bandage contact lens use		
Yes
1
No

95% CI

		
-----

Digital massage		
None		
<3months
4.3
>3 months
3.5

		
		
0.284 [0.3, 63.3]
0.143 [0.7, 18.3]

Age

0.99

0.593

[0.95, 1.03]

Preoperative IOP

1.02

0.570

[0.96, 1.08]

Postoperative IOP

1.01

0.756

[0.93, 1.10]

SD - standard deviation; CI - confidence interval; NVG - neovascular
glaucoma; OAG - open angle glaucoma; CACG – chronic angle closure
glaucoma; IOP - intraocular pressure

For the multivariable analysis, only the variables
with marginally significant P  -values in the univariate
analysis were entered (i.e. female gender, presence of
DM, number of IOP-lowering eye drops, and number
of major intraocular surgeries performed). Out of
these four variables, only gender and presence of DM
were found to be significantly associated with CTE
(P  <0.05). Specifically, females and diabetic patients
were found to be 15.4 and 14.1 times more likely to
experience CTE, respectively, holding all other factors
constant (Table 4).
Table 4. Factors Associated with Conjunctival Tube Erosion
after AGV Surgery based on Multivariable Logistic Regression
Analysis
		
Female gender
DM
No. of IOP-lowering
drops
No. of major intraocular surgery

Odds Ratio P  -value

[95% CI]

15.4
14.1

0.033
0.031

[1.2, 189.7]
[1.3, 155.6]

2.1

0.122

[0.8, 5.7]

2.3

0.148

[0.7, 7.0]

IOP - intraocular pressure; CI - confidence interval

The mean time from AGV implant surgery
to exposure was 98.2 ± 12.9 months (median = 84
months). The mean time to exposure for females
was 69.8 ± 7.0 months and for males was 128.3 ±
7.9 months. Survival analysis revealed that females
experienced exposure of the AGV earlier in the
course of follow-up than men (P  =0.056). Survival of
the GDD without exposure was not associated with
presence of diabetes (P  =0.115) (Table 5). Figure 3
illustrates estimated time (in months) from AGV
surgery to tube exposure among men and women.
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Table 5. Kaplan-Meier Estimates of Time to Exposure After
AGV Surgery across Categories of Gender and DM Status
Time to Exposure
(in months)
Standard
Error

[95% CI]

128.3

7.9		

[112.7, 143.8]

69.8

7.0		

[56.1, 83.4]

Mean
		
Male
Female

Log Rank (Mantel-Cox)
P  -value		
No DM
With DM

0.056

105.4

19.0		

[68.1, 142.7]

73.4

11.0		

[51.8, 95.1]

Log Rank (Mantel-Cox)
P  -value			

0.115

DM - diabetes mellitus; CI - confidence interval

Figure 3. Survival probabilities for conjunctival tube erosion in
males and females.

The 8 eyes with CTE were managed as follows.
Two (2) eyes were managed conservatively with
topical antibiotics and the tube erosion resolved. Six
(6) eyes underwent additional surgical interventions.
Three (3) eyes had processed pericardium graft with
conjunctival autograft, 2 underwent scleral graft with
autologous conjunctival graft, and 1 had repositioning
of the tube to another quadrant. Of the patients who
had processed pericardium re-graft, one developed
recurrent CTE after 24 months and was managed
with another processed pericardium re-graft with
conjunctival autograft and responded well. The AGV
of the patient who underwent tube repositioning
was removed after 6 months due to development
of preseptal cellulitis. The IOP was subsequently
managed medically. One of the AGV implant patients
without CTE developed endophthalmitis secondary
to a central microbial keratitis and was treated
accordingly.
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DISCUSSION
Conjunctival tube exposure is one of the more
common19 and serious complications of GDD.17 In
this study, CTE was observed in 17.4% eyes that
underwent AGV implantation surgery. Reported
frequencies for CTE following AGV implantation
ranges from 2-40%. Variations in CTE rates can be
due to differences in patients’ characteristics and
surgical technique.18-20
Several theories have been suggested to account
for the development of CTE. These include chemical,
anatomical, immunologic or mechanical factors
such as micromovements of the tube during eye
movements and blinking, and degenerative changes in
the conjunctival tissue and Tenon’s capsule.12,20-23 In our
study, one case of CTE occurred in the donor scleral
flap group. This finding can be attributed to absolute
alcohol, used as a preservative for donor sclera, and
its toxic effects on ocular tissues24. Furthermore, it has
been demonstrated that the absolute alcohol remains
in the preserved donor sclera despite soaking in the
saline solution.25
In our study, age was not associated with the
development of CTE. This finding is similar to the
observations of Trubnik et al. However, we noted that
female gender turned out to be a significant risk factor
based on multivariable logistic regression.16 Similarly,
Muir et al. also showed an increased chance of
developing CTE among females. These may be brought
about by postmenopausal hormonal imbalance and
a disparity in orbital dimensions between males and
females.17,26 The smaller orbital dimensions in females
may lead to additional microtrauma and friction
between the eyelid and ocular tissues overlying the
tube. Other studies, however, did not show significant
associations between gender and CTE.15,16
In contrast to the findings of Koval et al. that
noted NVG to be a risk factor, we found the presence
of diabetes as a noteworthy determinant for the
development of CTE.14 This divergence may be due
to the small number of patients in our study whose
indication for surgery was NVG (n = 10). Our result
is defensible given that the vascular response of the
conjunctiva is similar to that of the retina in patients
with DM. A reduction in the vessel caliber with
subsequent tortuosity can limit adequate perfusion
in the conjunctiva which can result in ischemia and
impaired wound healing causing poor conjunctival
tissue strength, theoretically increasing the risk
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for CTE.27 Moreover, diabetes causes pathologic
changes in the conjunctiva including squamous
metaplasia, reduction in goblet cells, and increase in
microaneurysms which can contribute to the friability
of the conjunctiva.28 Diabetes has also been associated
with a poor outcome in patients undergoing primary
repair of CTE.31 Notwithstanding the preceding
evidence, other studies did not find diabetes to be a risk
for CTE.13,15-16,30 We recommend that the association
between DM and CTE be validated in a prospective
study given that the presence of DM among our cases
was determined solely by chart review.
Based on univariable logistic regression analysis,
we found a marginally significant association between
the number of IOP-lowering drops with CTE. This
result is similar to the findings of Geffen and colleagues
except that they included the number of preoperative
antiglaucoma drops while we took note of the
number of antiglaucoma drops used postoperatively.30
IOP-lowering drops contain preservatives such as
benzalkonium chloride which has toxic effects on the
ocular surface. Ocular surface toxicity may manifest
as squamous metaplasia, decrease in goblet cells, and
destabilization of the lipid layer of the tear film causing
rapid evaporation manifesting as dry eye disease.16,29
Although not routinely used after AGV surgeries,
bandage contact lenses (BCL) were applied on 3 of
our subjects who underwent concomitant penetrating
keratoplasty (PKP). Unfortunately, all these 3 cases
developed CTE, likely due to mechanical trauma
and friction caused by the BCL on the underlying
conjunctiva. Due to the very small number of cases,
BCL use and blepharitis after AGV surgery were not
found to be significant risk factors for CTE in our
patients.
Previous ocular surgeries can lead to conjunctival
scarring and thinning due to repeated inflammation.
Univariable logistic regression in this study found that
with every additional intraocular surgery performed,
the chance of developing CTE increases two-fold.
Similar studies found that a trabeculectomy prior to
tube implantation was associated with a five-fold risk of
CTE, while tube implantation with other concomitant
eye surgeries showed a four-fold risk.14,15
The thickness and choice of graft material may
influence the development of CTE. Lankarian et al.
showed that a double thickness processed pericardium
positioned over the silicone tube significantly reduced
the incidence of CTE in mitomycin-augmented GDD
July - December 2018
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surgery. Similar to the study of Smith, we found no
statistically significant difference when comparing
the incidence of CTE among our patients where an
autologous patch graft or donor sclera or processed
pericardium was used to cover the tube.20,21
We hypothesized that seasonal variations in
environmental temperature and humidity may affect
conjunctival health and the tendency to develop CTE.
However, we found no significant association between
month of surgery and CTE.
This study being a retrospective type has
several limitations. The authors mainly relied on the
availability of data in the charts which may not always
be accurate. Additionally, only completely filledout charts were included, thus limiting the sample
size to only 46 cases. The differences in the surgical
techniques of the 2 surgeons in this study were not
accounted for in the analysis. Future studies may
benefit from standardization of surgical techniques.
Likewise, only postoperative IOP-lowering eye drops
were noted in this study. The sample size may be increased by extending the study period and conducting
an update of this study. A meta-analysis could also
be done in future investigations. Diabetes and other
comorbidities can be documented via evidence-based
methods such as laboratory testing. IOP-lowering eye
drops used both pre-operatively and postoperatively
can be included and compared for differences. Future
studies can be done to measure postoperative AC
reaction quantitatively with the use of laser flare 
photometry.
Measures should be taken to reduce the risk
of developing CTE. These include the use of tube
patch materials that carry the lowest risk for erosions
such as processed pericardium (Tutoplast®). In the
study by Raviv et al. using pericardial patch grafts in
all 44 cases, no CTE was observed on an average of
10.2 ± 4.0 months follow-up. However, patch graft
melting without conjunctival erosion was seen in 4
cases.33 Creation of a scleral canal or trench that allows
the tube to be fixed deeper into the scleral bed with
the objective of lowering the overall tube elevation
may be attempted in patients at risk for erosion.34,35
Measurements of the tube scleral distance by anterior
segment optical coherence tomography showed that
the tube was well within the sclera with no changes
in the scleral contour or tenting of the overlying
conjunctiva.35 Although technically challenging,
creation of a longer needle-generated scleral tube
tunnel by entering 4-6 mm posterior to the limbus
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may also offer a more viable alternative to autologous
scleral flaps and patches. 36, 37, 38
In conclusion, females and diabetic patients
were found to be more at risk of developing CTE.
An increased number of postoperative IOP-lowering
eye drops, and number of major intraocular surgeries
also contribute to CTE. These risk factors should
be taken into consideration when performing AGV
implantation.
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