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Risk factors for tube exposure as a late
complication of glaucoma drainage implant surgery
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Purpose: The purpose of this study was to evaluate the risk factors for tube exposure after
glaucoma drainage implant surgery.

Patients and methods: This was a retrospective case-controlled observational study of 64 eyes
from 64 patients. Thirty-two eyes of 32 patients with tube erosion requiring surgical revision
were compared with 32 matched control eyes of 32 patients. Univariate and multivariate risk
factor analyses were performed.

Results: Mean age was significantly younger in the tube exposure group compared with the
control group (48.2428.1 years versus 67.3£18.0 years, respectively; P=0.003). The propor-
tion of diabetic patients (12.5%) in the tube exposure group was significantly less (P=0.041)
compared with the control group (37.5%). Comparisons of the type and position of the drain-
age implant were not significantly different between the two groups. The average time to tube
exposure was 17.2+18.0 months after implantation of the drainage device. In both univariate
and multivariate analyses, younger age (P=0.005 and P=0.027) and inflammation prior to tube
exposure (P=0.001 and P=0.004) were significant risk factors. Diabetes was a significant risk
factor only in the univariate analysis (P=0.027).

Conclusion: Younger age and inflammation were significant risk factors for tube exposure
after drainage implant surgery.

Keywords: glaucoma drainage implant complications, Ahmed Glaucoma Valve, Baerveldt
implant, tube erosion, pericardial patch graft

Introduction

Patch graft thinning and conjunctival erosion with exposure of the silicone tube is a
complication that may occur in the late postoperative period in 2%—7% of eyes after
glaucoma drainage device implantation.'” Tube exposure can lead to ocular inflam-
mation, hypotony, poor vision, and phthisis and represents a major risk factor for the
development of late endophthalmitis, with the exposed tube providing a pathway for
organisms to enter the eye from the ocular surface.'®!" Various methods of treatment
of exposed tubes have been described, including debridement and placement of patch
graft material, with or without repositioning the tube.'**> Sclera, dura, and pericardium
patch graft materials were compared and found to have similar patch graft survival.'s
Prevention of tube exposure has been attempted by varying techniques, including
a long scleral tunnel, different patch graft materials,'”!* and doubling of processed
pericardium allograft.?

Several mechanisms have been proposed for tube exposure, including mechanical
rubbing of the conjunctiva over the tube, excessive tension of the conjunctiva over
the tube, or abnormal positioning of the tube. Patch graft melting has also been
observed without conjunctival erosion, suggesting a role for patch graft absorption in
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the development of tube exposure.?' Previous studies have
not clearly identified the risk factors for tube exposure. The
purpose of this study was to identify the risk factors for
tube exposure after glaucoma drainage implant surgery.

Patients and methods

This was a retrospective, comparative study of 64 eyes,
including 32 eyes with tube erosion and 32 control eyes
from 64 patients. Tube erosion patients were identified from
consecutive medical records of patients who had surgical
revision of glaucoma drainage implants for tube exposure
from two glaucoma surgeons (DJR, n=16; PAN, n=16) over
a 4-year period. Patients of all ages were included in the
study, with no exclusion criteria for the study. Tube erosion
patients were matched with the control group, identified as the
subsequent consecutive primary glaucoma drainage device
implanted by the same surgeon. The study was approved by
the Institutional Review Board of the University of Tennessee
Health Science Center and Wills Eye Hospital and conformed
to the requirements of the United States Health Insurance
Portability and Privacy Act. Written informed patient consent
was deemed not necessary due to the retrospective nature of
this study.

All patients had glaucoma drainage device implantation
prior to tube exposure, including 35 Ahmed Glaucoma Valves
(New World Medical, Inc., Rancho Cucamonga, CA, USA) and
29 Baerveldt implants (Advanced Medical Optics, Inc., Santa
Ana, CA, USA). Tube exposures and controls treated with the
Ahmed Glaucoma Valve included eyes with Model S-2 (n=16
and n=13, respectively), Model FP-7 (n=2 and n=2, respec-
tively), and Model B-1 (n=1 and n=1, respectively). All patients
with the Baerveldt implant were treated with the Baerveldt 350
model. Nearly all patients (61 of 64 patients, 95%) had implants
placed in the superotemporal quadrant, while the device was
located in the inferonasal quadrant in one eye with tube erosion
and in the inferotemporal quadrant in one eye in both groups.
Irradiated donor pericardium (Tutoplast; IOP Ophthalmics,
Cosa Mesa, CA, USA and New World Medical, Inc.) was
the material used for the patch graft at the time of the original
glaucoma drainage implant surgery in all patients.

Baseline clinical characteristics and demographic data
from both the tube exposure and control groups were col-
lected from the records. Preoperative data were from the visit
prior to surgical revision of the exposed tube, and postopera-
tive data were from the final follow-up visit after surgical
revision. Steroid use and inflammation were compared using
data at diagnosis of tube erosion for cases and the nearest time
point after drainage device implantation in controls. Sample

size of at least 30 in each group was determined from the
ability to detect a 20% difference between groups with a SD of
25% (power =0.86) and the ability to detect a relative risk of
1.75 with proportion unexposed of 0.5 (power =0.90). Mann—
Whitney U-tests were used to compare continuous parameters
between the two groups. Chi-square and Fisher’s exact tests
were used for categorical variables. Cox proportional haz-
ards regression model analysis was performed to assess the
relationship between tube erosion and multiple variables.
P<0.05 was considered as statistically significant.

Results

Eyes with exposed tubes had thinning of the allograft peri-
cardium and erosion of the conjunctiva over the silicone
tube of the glaucoma drainage implant (Figure 1), requiring
surgical revision. Mean follow-up from the original glau-
coma drainage implant surgery was 2.3 years in the tube
exposure and control groups. The characteristics of patients
in both the tube exposure and control groups are shown in
Table 1. The mean age was significantly younger (P=0.003)
in the patients in the tube exposure group (48.24+28.1 years)
compared with the control group (67.3£17.9 years). There
were no significant differences of sex, ethnicity, or lens status
between the tube exposure and control groups. There was
no significant difference in the number of previous surgical
procedures between the tube exposure (1.5£1.05) and control
(1.7520.93) groups (P=0.424). Significantly fewer (P=0.041)
diabetic patients (12.5%) were found in the tube exposure
group compared to the control group (37.5%). History of
hypertension or immune system abnormalities was not sig-
nificantly different between the two groups. No significant
differences were found in comparison of the type of glau-
coma drainage implant used in the two groups (P=0.451).
The glaucoma diagnosis differed in the two groups, with a

Figure | Clinical photograph of one of the eyes in this study with an exposed tube
(arrow), with thinning of the allograft pericardium and erosion of the conjunctiva
over the silicone tube of the glaucoma drainage device.
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Table | Characteristics of patients with tube exposure and
controls

Characteristics Tube exposure Control P-value
eyes (N=32) eyes (N=32)
Age (years) 0.003
Mean + SD 48.2+28.1 67.3+17.9
Range 0.3-94.4 20.9-91.8
Sex 0.803
Male 17 I5
Female 15 17
Ethnicity 0.791
African-American 10 I
Caucasian 19 19
Asian | 2
Hispanic 2 0
Eye 0.803
Right 15 16
Left 17 16
Lens status 0.480
Phakic 7 8
Aphakic 3 6
Pseudophakic 22 18
Hypertension 0.435
Yes 10 13
No 22 19
Diabetes 0.041
Yes 4 12
No 28 20
Immune system 0.354
abnormalities
Yes 4 |
No 28 31
Glaucoma diagnosis® 0.005
Chronic open-angle 13 19
glaucoma
Pediatric glaucoma 7 |
Uveitic glaucoma 4 0
Neovascular glaucoma 2 9
Others 6 3
Type of implant 0.451
Ahmed 19 16
Baerveldt 13 16

Notes: “Tube erosion eyes with pediatric glaucoma included three eyes with
aniridia or Peters’s anomaly, two eyes with Axenfeld-Rieger syndrome, and two
eyes with congenital glaucoma. Controls with pediatric glaucoma included one
eye with Sturge-Weber syndrome. Tube erosion eyes with other glaucoma
diagnoses included one eye with chronic angle-closure glaucoma, four eyes with
multimechanism glaucoma, and one eye with traumatic glaucoma. Control eyes with
other glaucoma diagnoses included two eyes with chronic angle-closure glaucoma
and one eye with traumatic glaucoma.

Abbreviation: SD, standard deviation.

larger number of pediatric and uveitic glaucomas in the tube
erosion group compared with the control group.

Figure 2 shows the cumulative number of eyes with tube
exposure over time after glaucoma drainage device implanta-
tion. Following drainage implant surgery, the average = SD
time to tube exposure was 17.2£18.0 months (median
7.9 months). All patients with tube exposure underwent
surgical revision to cover the tube. Average follow-up from
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Figure 2 Cumulative number of eyes with tube exposure over time after glaucoma
drainage device implantation. After drainage implant surgery, the mean * SD time to
tube exposure was 17.2+18.0 months (median 7.9 months).

Abbreviation: SD, standard deviation.

surgical revision was 11.1 months. One of the 32 patients
required multiple surgeries to cover the eroded tube. Two of
the 32 patients with an eroded tube presented with an infec-
tion at the time of diagnosis of tube exposure, which required
an anterior chamber injection of antibiotics.

At the time of surgical revision of tube exposure, the visual
acuity in the tube exposure group ranged from 20/30 to light
perception, with 17 eyes ranging from 20/300 to light percep-
tion (logMAR >1.0), ten eyes ranging from 20/50 to 20/200
(0.3<1ogMAR =1.0), and five eyes with 20/40 or better (log-
MAR =0.3). Mean intraocular pressure was 14.2+6.6 mmHg
(range 5-30 mmHg). At the last follow-up visit after surgical
revision in the tube exposure group, final visual acuity ranged
from 20/25 to no light perception in the tube exposure group.
The no light perception vision was secondary to cyclitic mem-
brane formation and hypotony. Postoperatively, 27 eyes had
the same visual acuity or showed a change within only two
lines from preoperative vision on the Snellen chart, and five
eyes lost more than two lines of visual acuity on the Snellen
chart. Postoperatively, the mean final intraocular pressure was
15.448.0 mmHg (range =7-40 mmHg) in the tube exposure
group. This was not significantly different (P=0.123) from
the mean intraocular pressure prior to surgical revision. The
tube exposure group was using an average of 1.0£1.4 glau-
coma medications at the final follow-up visit.

Comparisons of outcomes at the last follow-up visit are
shown in Table 2. The mean intraocular pressure in the tube
exposure group (15.0£8.2 mmHg, range =7-40 mmHg) was
significantly lower (P=0.039) compared with the control
group (18.6£8.9 mmHg, range =2-40 mmHg). The average
number of glaucoma medications at final follow-up was not
significantly different between the two groups (P=0.076),
with 1.0£1.4 (range =0-4) and 1.5%1.3 (range =0-4) medica-
tions in the tube exposure and control groups, respectively.

Clinical Ophthalmology 2016:10

submit your manuscript

549

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Chaku et al

Dove

Table 2 Outcomes at last follow-up examination

Variable Tube exposure eyes (N=32) Control eyes (N=32) P-value
Intraocular pressure (mmHg) 0.039
Mean = SD 15.0£8.2 18.6£8.9
Range 7-40 2-40
Glaucoma medications 0.076
Mean number = SD 1.0t1.4 1.5£1.3
Range 04 04

Abbreviation: SD, standard deviation.

As shown in Table 3, the proportion of patients using ste-
roids at diagnosis of tube exposure (78.1%) was significantly
higher (P<<0.0001) compared with the control group (12.5%)
at the nearest time point after drainage device implantation.
The proportion of patients with inflammation prior to tube
exposure (65.6%) was significantly higher (P<<0.0001)
compared with the control eyes at the nearest time point after
glaucoma drainage implant surgery (9.4%). Cox proportional
hazards regression model analysis for risk of tube exposure
is shown in Table 4. In both the univariate and multivari-
ate analyses, younger age (P=0.005 and P=0.027) and the
presence of inflammation prior to tube exposure (P=0.001
and P=0.004) were significant risk factors for tube erosion.
A history of diabetes was significant only in the univariate
analysis (P=0.027) and not in the multivariate analysis
(P=0.598). Other variables, such as sex, African-American
race, hypertension, and follow-up time, were evaluated and
were not statistically significant.

Discussion

Exposure of glaucoma drainage device tube is associated with
potentially vision-threatening complications and requires
surgical revision or removal of the device. In this study, we
compared eyes with tube exposure to control eyes. Our results
indicated that patients with tube exposure developed this
complication, on average, at 1.43+1.50 years after glaucoma
drainage device implantation. Stewart et al?> found an overall
incidence of exposure of 2.0%12.6% in their meta-analysis of
38 studies including 3,255 eyes. In this study, 64 eyes devel-
oped tube exposure at a rate of 0.09%+0.14% per month.?

Table 3 Comparison of steroid use and inflammation

We found no difference in the time to erosion between eyes
receiving Baerveldt versus Ahmed shunts. As both implant
models utilize tubes made from medical grade silicone, this
is not a surprising finding. We also found that younger age
and inflammation were significant risk factors for developing
exposure of the glaucoma drainage device tube.

Our average time to tube exposure from the drainage
device implantation was comparable to the time to exposure
in eleven eyes reported by Byun et al' (1.18%1.37 years).
Unlike our study, however, their most common diagnosis
was neovascular glaucoma, which was found in 45.4% of
their tube exposure cases.! Lama and Fechtner reported two
cases of tube exposure in patients with primary open-angle
glaucoma after glaucoma drainage implant surgery occurring
7 months and 8 months postoperatively.? Lankaranian et al*
reported an average time to tube exposure of 9 months in
five eyes (range 4—14 months), with open-angle glaucoma
in three of the five eyes (60%). In contrast, more recent stud-
ies reported a longer duration to tube exposure. Low et al?*
reported an average time to exposure for the tube in 19 eyes
to be 5.3+3.8 years. Huddleston et al*® reported an average
duration of 21.5+28.4 months to tube exposure. Geffen et al?®
retrospectively reviewed 158 eyes with 14 exposures (twelve
of which were tube exposures) with time to exposure to be
33.2424.5 months.

In this study, younger age and the presence of inflam-
mation prior to tube exposure were risk factors in both the
univariate and multivariate analyses. In four patients with tube
exposure evaluated by Joos et al,'’ three patients had recurrent
chronic inflammation. Similarly, Smith et al® reported that

Variable Tube exposure eyes (N=32) Control eyes (N=32) P-value
Steroid use (N, %)* <0.0001
Yes 25 (78.1) 4(12.5)
No 7219 28 (87.5)
Inflammation (N, %)* <0.0001
Yes 21 (65.6) 3(94)
No 11 (24.4) 29 (90.6)

Note: *Excluding the use of routine postoperative topical steroid and inflammation during the early (3 months) postoperative period.
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Table 4 Outcomes of Cox proportional hazards regression model for tube exposure

Variable Univariate analysis Multivariate analysis
Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Follow-up (years) 1.006 (0.690—1.466) 0.977 1.308 (0.734-2.331) 0.348
Age 0.965 (0.941-0.989) 0.005 0.959 (0.920-1.000) 0.027
Female sex 0.779 (0.292-2.079) 0.617 1.592 (0.223-11.361) 0.638
Left eye 1.133 (0.425-3.023) 0.803 2.415 (0.461-12.646) 0.289
African-American race 0.868 (0.305-2.466) 0.790 0.292 (0.053-1.613) 0.145
Hypertension 0.664 (0.238-1.857) 0.436 1.274 (0.226-7.202) 0.783
Diabetes 0.238 (0.670-0.847) 0.027 1.817 (0.192-17.201) 0.598
Ocular inflammation® 18.455 (4.575-74.449) <0.0001 15.180 (1.727-133.426) 0.004

Note: *Excluding inflammation during the early (3 months) postoperative period.
Abbreviation: Cl, confidence interval.

one of the two patients who experienced tube erosion was
associated with a low-grade active uveitis within 6 months
of implantation of glaucoma drainage implant. Furthermore,
Rachmiel et al reported tube erosion in two of 15 (13.3%)
uveitic glaucoma patients compared with one of 53 (1.8%)
open-angle glaucoma patients who had been treated with the
Ahmed Glaucoma Valve (P=0.120). Only the uveitic glau-
coma patients required tube removal (P=0.018).* In contrast,
Geffen et al* did not find ocular inflammatory disease to be
a significant risk factor (P=0.33), although they included
patients with ocular surface disease in the same category.

We found no significant difference of implant type in
eyes with tube exposure compared with controls. Similarly,
Lankaranian et al*® found no significant difference in the type
of implant (Ahmed Glaucoma Valve or Baerveldt implant)
in patients who developed tube exposure. Stewart et al* also
found no significant difference between the type of implant
used and exposure rate in their meta-analysis. Several studies
have shown, however, that the location of the implant may
be significant. Pakravan et al found more significant com-
plications including exposure with inferior-placed Ahmed
Glaucoma Valve implants (25%) compared to those placed
superiorly (5.2%) in their study of 106 eyes followed for
an average of 10.58+6.75 months.?” Levinson et al*® also
found inferior implants exposed more frequently at 15.6%
compared to superior placed implants at 6.3% (P=0.2761).
Trubnik et al® retrospectively evaluated 28 eyes (8.3%) with
tube erosion in 339 eyes treated with glaucoma drainage
implants but found no significant relationship between loca-
tion and erosion. However, they state that fewer tubes were
placed in inferior-located positions in their study.”

The type of patch graft used to cover the tube has been
studied and the exposure rates after implantation have
shown to be quite variable. Smith et al® reported a 4.3%
exposure rate in 23 eyes covered with donor sclera (ethanol
preserved), a 5.6% exposure rate in 18 eyes covered with

dura (Tutoplast), and a 0% exposure rate in 23 eyes covered
with pericardium; however, these differences were not
statistically significant. Lankaranian et al*® found 16%
exposure rate with single thickness processed pericardium
in 31 eyes significantly compared to 0% of tubes in 59 eyes
covered with double thickness processed pericardium in
their study (P=0.0002). Lawrence and Netland*® found no
erosions of gamma-irradiated cornea (VisionGraft; Tissue
Banks International, Baltimore, MD, USA) in a small pilot
study with limited follow-up. However, in a larger group of
patients with longer follow-up, Ekici et al®*!' reported a 1.8%
exposure rate of tubes in 169 eyes covered with VisionGraft
gamma-irradiated cornea. In contrast, Levinson et al*® found
that tubes covered with donor cornea (9.2%) and pericardium
(7.9%) exposed more often than scleral patch grafts (0.5%,
P=0.72). Authors of this study suggested that the higher rate
of exposure in the corneal patch graft group was related to the
more frequent use of this type of patch graft with inferiorly
placed tubes, which have been shown to expose more often.?
Trubnik et al,” however, found no significant difference of
tube erosion with different patch graft materials.

Byun et al' found previous ocular surgery as a risk factor
for tube exposure; however, Geffen et al*® found no signifi-
cant risk of tube erosion with previous glaucoma procedures.
In these studies, age and diabetes were not risk factors for
tube exposure.'? In our study, fewer patients with exposed
tubes had diabetes compared with controls, suggesting
that diabetes was not a risk factor for exposure of drainage
implant tubes. Other ocular risk factors, including previous
ocular trauma and postoperative use of corticosteroids for
exposure, were evaluated by Geffen et al,?® but none were
found to be significant. Only mean preoperative number of
glaucoma hypotensive medications was found to be a signifi-
cant risk factor in the tube exposure group (P=0.01) in their
study.? Huddleston et al?® also found a correlation between
higher number of preoperative medications and exposure.

Clinical Ophthalmology 2016:10

submit your manuscript

551

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Chaku et al

Dove

In contrast, Trubnik et al* found no significant risk of tube
exposure associated with preoperative medications, but
that concomitant surgical procedures were a significant risk
factor for exposure. We found no significant difference in
the number of previous surgical procedures in patients with
exposed tubes compared with controls, although we did not
evaluate subgroups of cataract surgery or other procedures
because of the small number of patients in the study.

A limitation of many of the previous studies on tube
exposure is the small number of subjects. Limitations of
this study also include relatively small sample size as well
as variation in surgeon technique and bias. Nonetheless, we
identified younger age and inflammation as risk factors for
tube erosion. The association of inflammation with tube expo-
sure here and in other studies suggests possible involvement
of immune mechanisms in the etiology of tube exposure and
possible prevention strategies with improved modulation of
the immune response.
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