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Purpose: To evaluate whether a combination of penetrating keratoplasty (PKP) or pars plana vitrectomy (PPV)
and Ahmed glaucoma valve (AGV) implantation affords a level of success similar to that of AGV implantation

alone.

Methods: Eighteen eyes underwent simultaneous PPV and AGV, 14 eyes with PKP and AGV and 30 eyes with
AGV implantation alone were evaluated. Success was defined as attainment of an intraocular pressure (IOP)
>5 and <22 mmHg, with or without use of anti-glaucoma medication. Kaplan-Meier survival analysis was
performed to compare cumulative survival between the combined surgery groups and the AGV implantation-
alone group. Cox proportional hazard regression analysis was conducted to identify factors predictive of suc-

cess in each of the three groups.

Results: Mean (xstandard deviation) preoperative IOP was 30.2 + 10.2 mmHg in the PKP + AGV, 35.2 + 9.8
mmHg in the PPV + AGV, and 36.2 + 10.1 mmHg in the AGV implantation-alone group. The cumulative suc-
cess rate at 18 months was 66.9%, 73.2%, and 70.8% in the three groups, respectively. Neither combined
surgery group differed significantly in terms of cumulative success rate compared with the AGV implantation-
alone group (p = 0.556, p = 0.487, respectively). The mean number of preoperative anti-glaucoma medications
prescribed was significantly associated with success in the PKP + AGV implantation group (hazard ratio, 2.942;

p =0.024).

Conclusions: Either PKP or PPV performed in conjunction with AGV implantation afforded similar success
rates compared to patients treated with AGV implantation alone. Therefore, in patients with refractory glauco-
ma who have underlying corneal or retinal pathology requiring treatment with PKP or PPV, AGV implantation

can be performed simultaneously.
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In patients with uncontrolled intraocular pressure (IOP)
despite prescription of maximum tolerated medical therapy
(MTMT), surgical management such as trabeculectomy or
glaucoma drainage device (GDD) implantation should be
considered. GDD implantation is usually preferred when
conventional trabeculectomy has already failed or is likely
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to fail.

Among such refractory patients, some need other forms
of simultaneous intraocular surgery. For example, visu-
ally significant corneal opacity can present with refrac-
tory glaucoma that is not responsive to medical treatment.
Patients with iridocorneal endothelial syndrome, herpetic
keratouveitis, trauma, aphakic or pseudophakic bullous
keratopathy, or congenital glaucoma may need penetrating
keratoplasty (PKP). Some patients also present with vitre-
ous hemorrhage and/or retinal detachment, together with
uncontrolled IOP; such patients require simultaneous pars
plana vitrectomy (PPV) and an IOP-lowering procedure.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses
/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Simultaneous surgery has both advantages and disad-
vantages. The principal value of simultaneous surgery is
avoidance of multiple procedures. If PKP or PPV is per-
formed on patients with uncontrolled IOP without the use
of a simultaneous IOP-lowering procedure, IOP elevation
may be aggravated, and an immediate second operation
may be required before the initial surgery site has healed.
If an IOP-lowering procedure such as GDD implantation
alone is initially performed, subsequent PKP or PPV may
aggravate the wound associated with implantation, thereby
worsening the outcome of the earlier procedure.

However, simultancous surgery may require a longer
surgical time, which may in turn be negatively associated
with surgical outcome and the prevalence of postoperative
complications. In the current study, we evaluated the out-
comes of patients undergoing intraocular surgery (PPV or
PKP) with concurrent Ahmed glaucoma valve (AGV) im-
plantation. We compared the outcomes to those of patients
receiving AGV implantation alone.

Materials and Methods

Subjects

Eighteen eyes of 18 consecutive patients who underwent
simultanecous PPV and AGV implantation and 14 eyes of
13 consecutive patients who underwent simultancous PKP
and AGV implantation at the glaucoma clinic of the Asan
Medical Center (Seoul, Korea) and who met the inclusion
criteria were included in the present study. All surgery
was performed between March 2008 and June 2010. Of
the 143 eyes that underwent AGV implantation alone over
the same period, 30 were randomly chosen as controls.
All AGV implantation was performed by a single surgeon
(KRS). All included patients were followed-up postopera-
tively for at least 1 year.

Procedure

The surgical procedure was carried out using a fornix-
based conjunctival flap constructed at the superotempo-
ral or inferotemporal area. The inferotemporal area was
chosen for AGV implantation in eyes for which silicone
oil filling during PPV was planned. A limbus-based half-
thickness scleral flap (5 mm circumferentially x 7 mm
radially) was then prepared. AGV patency was tested, and
the valve was placed under Tenon’s capsule, 8-10 mm pos-
terior from the superotemporal or inferotemporal limbus,
and sutured using 9-0 nylon to ensure fixation. The tube
portion of the AGV was temporarily placed under the con-
junctival flap. Either PPV or PKP was performed. After
completion of the chosen procedure, AGV implantation
was resumed. Paracentesis was performed at the temporal
sclerocorneal junction, and viscoelastics were injected to

JY Lee, et al. Combined Ahmed Valve Implantation

prevent a sudden drop in IOP during entry of the proximal
tube into the anterior chamber. Chamber entry was initi-
ated under the scleral flap. Paracentesis was performed
under this flap using a 23-gauge needle; the procedure was
conducted 2 mm posterior to the limbus, parallel to the iris
plane. The proximal portion of the tube was sized to en-
sure that the tube length within the anterior chamber, mea-
sured from the limbus, was approximately 2 mm. The tube
was inserted, in the bevel-up position, into the anterior
chamber. The scleral flap was next sutured with 9-0 ny-
lon, and a watertight conjunctival closure was performed.
Topical corticosteroid, cycloplegics, and an antibiotic were
prescribed for approximately 1 month postoperatively,
depending on the condition of the eye. Follow-up exami-
nations were performed on postoperative day 1, and at 1
week, 1 month, 3 months, 6 months, 9 months, and 1 year.
If necessary, additional visits were scheduled. The study
was approved by the institutional review board of the Asan
Medical Center and followed the principles of the Declara-
tion of Helsinki.

Analysis

At each visit, IOP was measured by Goldmann applana-
tion tonometry, best-corrected visual acuity was assessed,
use of anti-glaucoma medication was noted, and complica-
tions were recorded. Overall success was defined as attain-
ment of an IOP >5 and <22 mmHg with or without use of
anti-glaucoma medication, without additional glaucoma
surgery or removal of the AGV, and without develop-
ment of any serious complication. Performance of further
surgery, such as re-PKP or re-PPV, that did not seek to
treat glaucoma was not considered failure. Kaplan-Meier
survival analysis with log-rank testing was performed to
compare cumulative success rates between each combined
surgery group and the AGV implantation-alone group. Cox
proportional hazard regression analysis was conducted to
determine factors associated with success in each group.
Putative factors included baseline age, preoperative IOP
level, a history of previous intraocular surgery, and the
number of anti-glaucoma medications used preoperatively.
A p-value less than 0.05 was considered significant. All
statistical analysis was performed using SPSS version
15.0 (SPSS Inc., Chicago, IL, USA) and MedCalc version
11.3.6.0 (MedCalc, Mariakerke, Belgium).

Results

Mean age, preoperative IOP levels, and preoperative
diagnoses in each of the three groups are summarized in
Table 1. Mean (+standard deviation) preoperative IOP was
30.2 + 10.2 mmHg in the PKP + AGV implantation group,
35.2 + 9.8 mmHg in the PPV + AGV implantation group,
and 36.2 + 10.1 mmHg in the AGV implantation-alone
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group. The most common preoperative diagnosis was
pseudophakic bullous keratopathy with secondary angle
closure glaucoma in the PKP + AGV implantation group
(4 eyes), diabetic vitreous hemorrhage with neovascular
glaucoma (NVG) in the PPV + AGV implantation group (5
eyes), and NVG in the AGV implantation-alone group (18
eyes).

The mean postoperative IOP values and the numbers
of anti-glaucoma medications used are shown in Table 2.
In the PKP + AGV implantation group, the mean post-
operative IOP value ranged between 13.6 to 19.6 mmHg.

Table 1. Baseline characteristics of all patients

The mean postoperative IOP values at each visit did not
significantly differ from those of the AGV implantation-
alone group except at 1 week postoperatively (16.9 vs. 11.9
mmHg, p = 0.006). The mean IOP on postoperative day 1
was significantly higher in the PPV + AGV implantation
group than in the AGV implantation-alone group (20.6 vs.
13.8 mmHg, p = 0.004). However, IOP values at all other
visits did not differ significantly between the two groups.
The mean number of anti-glaucoma medications used
postoperatively did not differ among the combined sur-
gery groups and the AGV implantation-alone group at any

PKP + AGV implantation (n = 14)

PPV + AGV implantation (n=18)  AGV implantation (n = 30)

Age (yr) 457+239
Gender (M / F) 10/4

Preoperative IOP (mmHg) 30.2+10.2
Number taking preoperative 171 £1.01

anti-glaucoma medication (n)

Preoperative diagnosis Pseudophakic bullous keratopathy:

5 eyes (4 eyes, SACG; 1 eye, SOAG)
Keratoconus: 3 eyes (2 eyes, SOAG;

1 eye, SACG)

Corneal opacity: 5 eyes (all: SACG)

ICE syndrome: 1 eye (SACG)

534+£222 61.7+98
12/6 18/12
352+9.8 36.2+10.1
2.28£0.96 2.53+0.51
Diabetic vitreous hemorrhage: 18 Eyes, NVG
7 eyes (5 eyes, NVG; 2 eyes, SOAG) 6 Eyes, PACG
Diabetic tractional retinal detachment: 5 Eyes, SACG
2 eyes (all: NVG) 1 Eye, PXG

Rhegmatogenous retinal detachment:
2 eyes (all: SOAG)
Traumatic vitreous hemorrhage:
4 eyes (3 eyes, SACG; 1 eye, SOAG)
Endophthalmitis: 2 eyes (all: SACG)
Vitreous opacity: 1 eye (SACG)

PKP = penetrating keratoplasty; AGV = Ahmed glaucoma valve; PPV = pars plana vitrectomy; IOP = intraocular pressure; SACG = sec-
ondary angle closure glaucoma; SOAG = secondary open angle glaucoma; ICE = iridocorneal endothelial; NVG = neovascular glaucoma;
PACG = primary angle closure glaucoma; PXG = pseudoexfoliation glaucoma.

Table 2. Mean postoperative IOP and the use of anti-glaucoma medication in the three groups

PKP + AGV PPV + AGV AGV implantation * i

implantation (n=14) implantation (n=18) (n=30) PRI PRI
Postoperative IOP (mmHg) 13.6+5.0 20.6 £94 13.8+6.1 0.934 0.004
1 day Use of anti- glaucoma medication (n) 0 0.44 + 1.04 0.03+0.18 0.501 0.115
Postoperative IOP (mmHg) 169+53 13.3+6.2 11.9£52 0.006 0.396
1 wk Use of anti- glaucoma medication (n) 0.21 £0.58 0.22+0.55 0.23+0.73 0.932 0.956
Postoperative IOP (mmHg) 16.5+4.0 13.9+5.5 141+70 0.242 0.936
1 mon Use of anti- glaucoma medication (n) 0.29+0.73 0.18 £0.53 0.27+0.58 0.926 0.601
Postoperative IOP (mmHg) 16.3+£6.3 145+55 146+58 0.400 0.961
3 mon Use of anti- glaucoma medication (n) 0.71+1.07 0.31+0.85 0.37+0.56 0.161 0.788
Postoperative IOP (mmHg) 19.6 +8.9 182+12.2 157+5.7 0.119 0.391
6 mon Use of anti- glaucoma medication (n) 0.80+1.32 09+1.29 0.63 £0.85 0.644 0.457
Postoperative IOP (mmHg) 144+3.0 21.9+10.5 17.8+6.9 0.108 0.091
9 mon Use of anti-glaucoma medication (n) 1.0£1.29 1.33+1.32 1.21 £ 1.08 0.780 0.842
Postoperative IOP (mmHg) 141+54 142+57 16084 0.536 0.619
Lyr Use of anti- glaucoma medication (n) 0.77+1.20 1.0£1.26 0.80 +0.89 0.952 0.641

IOP = intraocular pressure; PKP = penetrating keratoplasty; AGV = Ahmed glaucoma valve; PPV = pars plana vitrectomy.
Comparison between PKP + AGV implantation group and AGV implantation group; 'Comparison between PPV + AGV implantation

group and AGV implantation group.
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Fig. 1. The cumulative success rates of the three groups deter-
mined by Kaplan Meier analysis. AGV = Ahmed glaucoma valve;
PKP = penetrating keratoplasty; PPV = pars plana vitrectomy.
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visit (Table 2).

Three of 14 eyes (21.4%) in the PKP + AGV implanta-
tion group failed to respond to treatment at 1 year post-
operatively because of persistent hypotony (1 eye), AGV
exposure (1 eye), or development of uncontrolled IOP
with MTMT requiring additional AGV implantation (1
eye). Three of 18 eyes (16.7%) in the PPV + AGV im-
plantation group failed to respond to treatment at 1 year
postoperatively because of persistent hypotony (2 eyes) or
development of uncontrolled IOP with MTMT requiring
additional AGV implantation (1 eye). Six of 30 eyes (20%)
in the AGV implantation-alone group failed to respond
to treatment during the same follow-up period. Of these
6 eyes, three showed persistent hypotony, 2 AGV implant
exposure, and 1 required repeat AGV implantation because
of uncontrolled IOP.

The cumulative success rate at 18 months postopera-
tively was 66.9% in the PKP+AGV implantation group,
73.2% in the PPV + AGV implantation group, and 70.8%
in the AGV implantation-alone group. The cumulative suc-
cess rates did not differ significantly when either combined
surgery group was compared with the AGV implantation-
alone group (log rank test; p = 0.556, p = 0.487, respec-
tively) (Fig. 1).

Among the various putative risk factors, the mean num-
ber of preoperative anti-glaucoma medications used was
significantly associated with success in the PKP + AGV
implantation group (hazard ratio, 2.942; p = 0.024). No
factor analyzed was significantly associated with success
in the PPV + AGV implantation or the AGV implantation-
alone groups (Table 3).

Table 3. Hazard ratios of putative risk factors affecting success in each of the three groups, as determined by use of Cox’s propor-

tional hazards models

Risk factor Hazard ratio (95% confidence interval) p-value

PKP + AGV implantation Gender 0.839 (0.217-3.244) 0.839
Age 0.990 (0.963-1.018) 0.482
Previous surgery 2.622 (0.678-10.15) 0.163
Preoperative IOP 1.016 (0.958-1.078) 0.591

Use of preoperative glaucoma medication (n) 2.942 (1.154-7.502) 0.024"
PPV + AGV Gender 1.266 (0.374-4.289) 0.705
implantation group Age 1.023 (0.86-1.062) 0.228
Previous surgery 2.80 (0.889-8.822) 0.079
Preoperative IOP 1.054 (0.993-1.118) 0.081

Use of preoperative glaucoma medication (n) 3.755 (0.641-10.21) 0.099
AGV Gender 0.701 (0.332-1.479) 0.351
implantation-alone group  Age 1.021 (0.979-1.065) 0.335
Previous surgery 1.262 (1.090-1.76) 0.114

Preoperative IOP 1.002 (0.961-1.045) 0.924

Use of preoperative glaucoma medication (n) 0.859 (0.395-1.87) 0.702

PKP = penetrating keratoplasty; AGV = Ahmed glaucoma valve; IOP = intraocular pressure; PPV = pars plana vitrectomy.

"Statistically significant.
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Among the 14 eyes in the PKP + AGV implantation
group, 3 underwent re-PKP because of corneal graft fail-
ure evident during follow-up. Among the 18 eyes in the
PPV + AGV implantation group, 2 underwent re-PPV be-
cause of recurrent vitreous hemorrhage.

Discussion

Overall, a combination of PKP or PPV and AGV implan-
tation substantially reduced IOP for at least 1 year post-
operatively. Mean postoperative IOP and the number of
anti-glaucoma medications used were significantly lower
(compared to preoperative values) at each follow-up time-
point in both combined surgery groups.

The outcomes of patients in the PKP + AGV group
were in line with those of earlier reports. The frequency
of successful IOP control after combined PKP and GDD
implantation ranges from 65% to 95% [1-6]. Coleman et al.
[6] reported a 62% success rate at 20 months in a series of
12 patients when simultaneous PKP and AGV implanta-
tion were performed. Kwon et al. [S], using different types
of implants, experienced a higher success rate of 82% at 3
years postoperatively.

Few reports have studied the simultaneous use of PPV
and AGV implantation for concurrent treatment of retinal
disease and IOP elevation. Faghihi et al. [7] reported a suc-
cess rate of 72.2%, where success was defined as attain-
ment of an IOP of 5 to 21 mmHg with or without use of
antiglaucoma medication. The success rate reported in the
present using combined PPV and AGV implantation was
similar. A procedural difference in terms of tube entry is
evident when the cited work is compared with our present
report. We employed anterior chamber entry in all instanc-
es, whereas the cited authors inserted the tube into the pars
plana after PPV.

In patients receiving AGV implantation alone, the cumu-
lative success rate was 70.8% at 18 months postoperatively.
Comparisons of surgical results are generally very difficult
because outcomes can vary depending on factors such as
heterogeneity of underlying disease; a history of previ-
ous surgery; the use of differing inclusion, exclusion, and
success criteria; varying ethnicities; differences in follow-
up period; and varying surgical techniques. Thus, the re-
ported success rates of GDD placement vary considerably
among different studies [8]. Minckler et al. [9] reported a
40% success rate after placement of Molteno implants with
medication. Coleman et al. [10] experienced a 78% success
rate employing AGVs, again with medication, whereas
Lloyd et al. [11] reported a 70% success rate using Baer-
veldt implants with medication.

The causes of failure in all three groups were persistent
hypotony and uncontrolled IOP requiring additional AGV
implantation. When we assessed the risk factors for failure
in each group employing Cox proportional hazards model-
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ing, the number of anti-glaucoma medications used prior
to treatment was significant in the PKP + AGV group.
Intensive use of topical anti-glaucoma medication induces
subclinical inflammation and metaplasia of the conjunc-
tiva. The surgical outcome of a filtering operation is sub-
sequently affected [12-16] and could explain the observed
association between the use of a greater number of preop-
erative anti-glaucoma medications and surgical failure in
the PKP + AGV implantation group. However, no factor
analyzed was significant in the other two groups.

A combination of AGV implantation with another intra-
ocular procedure offers several advantages compared to
multiple-stage operations. However, concerns have been
raised as to whether combined surgery could yield success
rates similar to those seen after AGV implantation alone in
terms of IOP control. PKP and PPV are the most invasive
procedures used in the treatment of ocular disease. There-
fore, we analyzed outcomes in patients treated with PKP
or PPV who simultaneously underwent AGV implanta-
tion and compared them with those of AGV implantation-
alone patients. All AGV implantation procedures were
performed by a single surgeon. Thus, under similar con-
ditions, combination of either PKP or PPV with AGV
implantation afforded success rates in terms of glaucoma
control similar to that of AGV implantation alone, and the
complication pattern did not differ. Use of a higher number
of anti-glaucoma medications was associated with surgical
failure in the PKP + AGV implantation group.

The limitation of current study is that it includes a rela-
tively small number of cases; therefore, studies with larger
sample sizes are warranted. We have conclusively shown
that AGV implantation combined with PKP or PPV is
both safe and convenient and affords good success rates.
The use of these combined procedures avoids the need for
successive surgery, which inevitably induces conjunctival
scarring and is associated with adverse outcomes. There-
fore, in patients with refractory IOP elevation and underly-
ing corneal or retinal pathology who are indicated for PKP
or PPV, AGV implantation can be performed simultane-
ously.
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