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Purpose: The purpose of this study was to evaluate the intermediate surgical results of Ahmed
glaucoma valve (AGV) implantation in patients less than 7 years of age, with advanced primary
congenital glaucoma who have failed previous surgeries.
Patients and methods: Consecutive patients with advanced primary congenital glaucoma
that failed previous operations and had undergone subsequent AGV implantation were
evaluated retrospectively. Surgical success was defined as 1) intraocular pressure (IOP) $6
and #21 mmHg; 2) IOP reduction of at least 30% relative to preoperative values; and 3) without the need for additional surgical intervention for IOP control, loss of light perception, or
serious complications.
Results: Fourteen eyes of eleven patients were studied. Preoperatively, the average axial length
was 27.71±1.52 (25.56–30.80) mm, corneal diameter was 14.71±1.07 (13.0–16.0) mm, cup-todisc ratio was 0.95±0.04 (0.9–1.0), and IOP was 39.5±5.7 (30–55) mmHg. The mean follow-up
time was 18.29±10.96 (5–44, median 18) months. There were significant reductions in IOPs
and the number of glaucoma medications (P,0.001) postoperatively. The IOPs after operation
were 11.3±3.4, 13.6±5.1, 16.3±2.7, and 16.1±2.6 mmHg at 1 month, 6 months, 12 months, and
18 months, respectively. Kaplan–Meier estimates of the cumulative probability of valve success
were 85.7%, 71.4%, and 71.4% at 6, 12, and 18 months, respectively. Severe surgical complications, including erosion of tube, endophthalmitis, retinal detachment, choroidal detachment,
and delayed suprachoroidal hemorrhage, occurred in 28.6% cases.
Conclusion: AGV implantation remains a viable option for patients with advanced primary
congenital glaucoma unresponsive to previous surgical intervention, despite a relatively high
incidence of severe surgical complications.
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Primary congenital glaucoma is one of the most important causes of childhood blindness
in the world despite its rarity.1,2 Trabeculotomy has achieved long-term success in
most cases of congenital glaucoma,3,4 but the success rate is low in advanced or latepresenting cases.5 Combined trabeculotomy–trabeculectomy procedures may improve
outcomes.5,6 Dietlein et al7 suggested that the prognosis of ab externo glaucoma surgery
was governed more by individual course and severity of disease than surgical technique.
However, even in the best of hands, up to 15%–30% of primary surgeries failed.3–6 The
use of intraoperative mitomycin C (MMC) improved the survival of trabeculectomy
blebs,8,9 but it is associated with a high incidence of bleb-related infections.9
In the recent decades, Ahmed glaucoma valves (AGVs) have been implanted in
patients with pediatric glaucoma.10,11 It demonstrated slight superiority compared to
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trabeculectomy12,13 and a success rate similar to other valve
implants.10 In the current study, we present the outcomes
of AGV implantation in patients less than 7 years old with
extremely advanced primary congenital glaucoma that have
failed previous surgeries.

Patients and methods
Patient recruitment
In this retrospective study, patients were recruited from
September 2009 to September 2012 at the glaucoma service
of the Zhongshan Ophthalmic Center of Sun Yat-sen University (Guangzhou, China). In this center, Ahmed valves
have been implanted in pediatric patients for 10 years since
before the above study. All patients were younger than
7 years old, with advanced primary congenital glaucoma
refractory to previous medical and surgical intervention. The
diagnoses of primary congenital glaucoma were carefully
made based on the history of the children, the family history,
and the ocular examinations, including slit-lamp examination, gonioscopy, and fundus examinations. The study was
conducted in accordance with the tenets of the Declaration
of Helsinki and was approved by the Institutional Review
Board. Informed consent was obtained from all the patients’
legal guardians.
The recruited patients were implanted with the AGV
(Model FP-8 or FP-7, New World Medical Inc., Rancho
Cucamonga, CA, USA) because of increased intraocular
pressure (IOP) (.25 mmHg) with enlargement of optic cup/
disc ratio and/or elongation of axial length beyond the growth
of eyeball, which was not responding sufficiently to previous
operations and medical therapy. All surgeries were performed
by the same surgeon (JG). Exclusion criteria included other
types of primary and secondary pediatric glaucoma; previous
intraocular surgery, except antiglaucoma surgery; eyes with
leukoma, preventing observation of the anterior chamber;
and eyes requiring simultaneous combined surgeries (eg,
penetrating keratoplasty, cataract extraction, etc).

Examinations and follow-up
Before surgery, all patients underwent detailed ocular examination that included best-corrected visual acuity (BCVA),
slit-lamp examination, gonioscopy, stereoscopic ocular
fundus examination with an indirect or slit-lamp lens, IOP
measurement by Goldmann applanation tonometry under
topical anesthesia with tetracaine eye drops if the patient was
cooperative, or by Tono-pen tonometer (Tono-pen, Reichert
technologies, Depew, NY, USA) under sedation with 10%
chloral hydrate (0.5–0.7 mL/kg). Preoperative data collected
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included demographic information, initial diagnosis, BCVA,
IOP, horizontal corneal diameter (HCD), cup-to-disc (C/D)
ratio, slit-lamp examination, the number of antiglaucoma
medications used before surgery, the number and type of
previous ocular surgeries, and history of other ocular or
systemic diseases. Postoperative data collected during the
follow-up period included BCVA, IOP, slit-lamp examination, the number of antiglaucoma medications, duration of
follow-up, and surgical complications. Patients were examined postoperatively at 1 week, 2 weeks, 1 month, 3 months,
and then every 3 months for the first year and every 6 months
thereafter. All IOPs were measured by Goldmann applanation
tonometry or Tono-pen. Antiglaucoma medications were
added as needed to achieve desired IOP (,21 mmHg without
enlargement of C/D ratio and/or HCD).
Surgical success at the last follow-up was defined as
1) IOP $6 or #21 mmHg, and IOP reduction of at least 30%
relative to preoperative values; 2) without the signs of the
surgical failure as the following. Surgical failure at the last
follow-up was defined as 1) IOP ,6 or .21 mmHg despite
medical interventions, with demand of additional surgical
intervention for IOP control; 2) loss of light perception;
3) serious complications such as erosion of tube, retinal
detachment, suprachoroidal hemorrhage, or endophthalmitis.
During the follow-up period, eyes that needed further glaucoma surgery (including cyclophotocoagulation), needed
removal of the implant, or experienced complete loss of
light perception were defined as failures and marked as the
end of follow-up.

Surgical procedures
The surgical procedure of AGV implantation was performed
in accordance with standard documented techniques10,11 with
minor modifications. Briefly, a fornix-based conjunctival flap
was created in the superior temporal or inferior temporal
quadrant. After priming AGV, the plate was inserted between
adjacent rectus muscles under Tenon’s capsule. The anterior
edge of the plate was secured with 6-0 silk sutures to the
sclera, 8–10 mm posterior to the limbus. After penetrating
the limbus with a 23-gauge needle, the tube was inserted 2
mm deep into the anterior chamber, parallel to the iris. The
anterior chamber was re-formed with viscoelastic reagent
(sodium hyaluronate injection, Bausch & Lomb Freda Pharmaceutical Corp. Ltd, Jinan, People’s Republic of China)
injected through a temporal paracentesis. Donor sclera was
used to cover the exposed sclera tract entrance and secured
with 10-0 nylon sutures. The conjunctiva was closed with
8-0 Vicryl sutures.
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Statistical analysis

Demographic data were calculated as mean ± standard
deviation. Preoperative and postoperative IOPs and medications were compared using repeated-measure analysis
of variance tests. Glaucoma cumulative survival rate was
calculated using Kaplan–Meier survival analysis. Statistical
significance was defined as P,0.05.

Results
Fourteen eyes of eleven patients (seven males, four females)
were included in the study. The preoperative clinical features
are shown in Table 1. There were six right eyes and eight
left eyes. The average age of the patients was 4.29±1.88
(1.1–6.5) years old. The average axial length was 27.71±1.52
(25.56–30.80) mm, corneal diameter was 14.71±1.07 (13.0–
16.0) mm, C/D ratio was 0.95±0.04 (0.9–1.0), and IOP was
39.5±5.7 (30–55) mmHg. The average number of previous
glaucoma surgeries was 1.36±0.63 (1–3).
The mean follow-up time was 18.29±10.96 (5–44,
median 18) months. The cases with follow-up time shorter
than 15 month were all because of the failure of the surgery.
The mean IOPs before operation and during the follow-up
period are shown in Figure 1. The postoperative IOPs were
significantly lower than preoperative IOPs at all time points
(P,0.001). The IOPs were 11.3±3.4, 13.6±5.1, 16.3±2.7,
and 16.1±2.6 mmHg at 1 month, 6 months, 12 months, and
18 months postoperatively. In addition, the mean number of

glaucoma medications after operation decreased significantly
(Figure 2) (P,0.001). The mean number of glaucoma medications after operation were 0, 0.43±0.65, 1.10±1.10, and
1.11±1.17 at 1 month, 6 months, 12 months, and 18 months,
respectively. However, postoperative BCVAs in two eyes
were worse at last visit, while those in other eyes remained
stable (Table 2). The main causes of visual loss were severe
surgical complications such as retinal detachment, choroidal
detachment, and delayed choroidal hemorrhage (Table 2).
The Kaplan–Meier survival analyses of the success rate
are shown in Figure 3. The success rates were 85.7%, 71.4%,
and 71.4% at 6, 12, and 18 months, respectively. Postoperative complications included shallow anterior chamber in two
eyes (14.3%), which resolved spontaneously within 5 days;
tube malposition in one eye (7.1%); erosion of tube through
conjunctiva in two eyes (14.3%), one of which resulted in
endophthalmitis (7.1%); retinal detachment and choroidal
detachment in one eye (7.1%); and delayed suprachoroidal
hemorrhage (DSCH) in one eye (7.1%). Among the five
failed cases, four ended with severe surgical complications,
and one case persisted with uncontrollable IOP (Table 2).
There were no cases of persistent corneal edema or cataract
formation during the follow-up period.

Discussion
Expansion of the globe in children is a reflection of high IOP
and optic nerve injury.14–16 Therefore, besides IOP and C/D

Table 1 Preoperative clinical features of the recruited patients
Case no

Sex

Age
(year)

Eye

Times of previous
surgeries

Previous surgical procedures

BCVA

IOP
(mmHg)

Axial length
(mm)

HCD
(mm)

C/D

1
2

M
F

6.5
5.4

L
L

1
3

0.02
0.05

55
40

27.56
27.63

13
15

1.0
0.95

3
4

M
M

1.1
5.7

R
L

1
2

FO
0.1

40
35

30.80
25.56

16
14

*
0.9

5

M

3

R

2

0.06

38

28.40

15.5

0.9

6

F

7

M

3.5
3.6
5.8

L
R
R

1
1
2

FC
FC
FC

36
39
40

29.32
29.26
26.37

15
15.5
15.5

1.0
1.0
0.95

8
9

M
F

3.4
6.2

10
11

F
M

1.2
2.7

L
L
R
L
R
L

1
1
1
1
1
1

Trabeculectomy
Trabeculotomy
Trabeculectomy
Trabeculectomy + MMC
Trabeculotomy + Trabeculectomy
Trabeculotomy
Trabeculectomy + MMC
Trabeculotomy
Trabeculectomy
Trabeculotomy + Trabeculectomy
Trabeculotomy + Trabeculectomy
Trabeculotomy + Trabeculectomy
Trabeculectomy + MMC
Trabeculotomy + Trabeculectomy
Trabeculotomy + Trabeculectomy
Trabeculectomy
Trabeculectomy
Trabeculotomy + Trabeculectomy
Trabeculotomy + Trabeculectomy

0.01
HM
0.1
0.2
FO
FF

35
38
40
45
30
42

26.11
29.21
26.47
26.16
27.53
27.60

15
16
13
13
14.5
15

0.95
*
0.95
0.9
*
1.0

Note: *Couldn’t be seen because of corneal opacity.
Abbreviations: BCVA, best-corrected visual acuity; IOP, intraocular pressure; HCD, horizontal corneal diameter; F, female; M, male; L, left; R, right; MMC, mitomycin C;
C/D, cup to disc; FO, follow object; FC, finger count; HM, hand motion; FF, fixate and follow.
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Figure 1 The mean intraocular pressures (IOPs) before operation and during the follow-up period.
Notes: The mean IOPs before the operation and during the follow-up period revealed that the postoperative IOPs were significantly lower than preoperative IOPs at all
time points (P,0.001). Error bar: 1.96 standard deviations.
Abbreviations: wk, week; mo, month.

ratio, corneal diameter and axial length are deemed to be
important indicators of the severity of congenital/pediatric
glaucoma.5,14–17 These parameters in the current study are
among the highest documented in literature,7,17–23 which
reflects more advanced and long-standing disease in our

cohort. Unfortunately, delayed diagnosis and advanced disease at presentation are common in developing countries.18
In this retrospective study, there were reductions in IOPs
and the number of glaucoma medications following AGV
implantation, with stable BCVAs in most eyes. However,
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Figure 2 The mean number of glaucoma medications before operation and during the follow-up period.
Notes: The mean number of glaucoma medications before operation and during the follow-up period revealed that the patients needed less glaucoma medications after
operation (P,0.001). Error bar: 1.96 standard deviations.
Abbreviations: wk, week; mo, month.
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Table 2 Outcome of AGV implant in the recruited patients
Case no

Eye

Follow-up
time (months)

BCVA at
last visit

End result

Time of fail
(months)

1
2
3
4
5

L
L
R
L
R

36
53
31
31
9

0.02
0.08
FO
0.1
0.05

36
/
31
/
9

6

L

29

FC

R
R
L
L
R
L
R
L

6
5
27
7
27
27
25
24

LP
FC
0.01
NLP
0.08
0.2
FO
FF

IOP 26 mmHg with three medications
IOP 20 mmHg with three medications
Spontaneous delayed suprachoroidal hemorrahge
IOP 17 mmHg with one medication
Erosion of tube after trauma, removal of the tube,
transscleral laser cyclophotoablation
Corneal attachment of the tube, IOP 11 mmHg
without medications
Retinal detachment, choroidal detachment
Endophthalmitis, erosion of tube, removal of the tube
IOP 14 mmHg without medications
Delayed suprachoroidal hemorrahge after trauma
IOP 19 mmHg with two medications
IOP 16 mmHg without medications
IOP 16 mmHg without medications
IOP 16 mmHg with one medication

7
8
9
10
11

/
6
5
/
7
/
/
/
/

Note: / = success during the follow up period.
Abbreviations: AGV, Ahmed glaucoma valve; BCVA, best-corrected visual acuity; L, left; R, right; IOP, Intraocular pressure; FO, Follow object; FC, finger count; LP, light
perception; NLP, no light perception; FF, fixate and follow.

a relatively high incidence (28.6%) of severe surgical complications was also observed.
The surgical success rate negatively correlated with
severity of congenital glaucoma and depended on the type
of surgery.5 Ben-Zion et al18 reported the surgical results of
a group of extremely advanced primary congenital glaucoma
patients (mean IOP, 54 mmHg; HCD, 15.1 mm; C/D ratio, 0.8)
in rural Ethiopia. Only 17 out of 40 eyes ended with IOP #22
mmHg without severe surgical complications in the mean
6-month follow-up period (1–11 months). Al-Hazmi et al5
reported that the success rate of combined trabeculotomy–
trabeculectomy with MMC in severe cases (IOP .35 mmHg
and corneal diameter .14.5 mm) of congenital glaucoma was
70% in 1 or 2 years. The current study offered similar results
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Figure 3 Kaplan–Meier survival analyses showed that the success rates were 85.7%,
71.4%, and 71.4% at 6, 12, and 18 months, respectively.
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of AGV implantation (success rate of 71.4% in 1 year and 18
months) in primary congenital glaucoma with history of previous surgical failure. Some studies found a significantly greater
chance of glaucoma control with aqueous shunt implantation
compared with trebeculectomy with MMC as a primary
procedure.12 Mahdy24 suggested that the adjunctive use of
bevacizumab or MMC could further enhance the chance of
AGV implant success. However, others found similar effectiveness between trabeculectomy with MCC and AGV with
MMC in pediatric aphakic glaucoma patients.13
Currently, there is no consensus as to the preferred
surgical algorithm in the treatment of congenital glaucoma
after failure of angle surgery or filtration surgery. Glaucoma
drainage devices have demonstrated considerable success
in congenital glaucoma – 1-year success rates of 92% by
O’Malley et al,23 63% by Ou et al,11 and 14 out of 17 eyes
(82%, tube malposition not regarded as failure of surgery)
by Djodeyre et al.25 AGV seems to be effective in controlling
IOP in refractory pediatric glaucoma when other surgical
methods have failed,25,26 but there appears to be a higher
risk of failure in eyes with congenital glaucoma compared
with other diagnoses.10,25 The lack of consensus reflects the
often small sample size, variable duration of follow-up, and
heterogeneity of the patient population in various studies.
To the best of our knowledge, the current study is the first
to focus exclusively on primary congenital glaucoma that is
unresponsive to previous surgical intervention. Should the
first AGV implant fail, a second AGV implant may demonstrate an even higher success rate in 5 years.11
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Besides transient shallow anterior chamber and tube
malposition, the current study demonstrates a relatively high
incidence of severe surgical complication, possibly due to
the extreme buphthalmos in this group.27 Erosion or exposure
of the tube has been shown to be more common in children
than in adults, with an incidence of 4.8%–33%,10,11,18,24,27–29
especially in buphthalmic eyes. Two eyes undergoing
AGV implantation suffered tube extrusion in a group of six
extremely buphthalmic eyes.18 The long duration of disease
and high IOP may affect scleral thickness and rigidity,
which may in turn negatively impact implant stability and
durability.18 In addition, the use of MMC in previous filtration operations may slow healing of conjunctival tissues.24
Although donor scleral patches can be used to cover the tube,
they cannot completely eliminate the risk of tube exposure.27
Tube erosion increases the risk of intraocular infection,27 as
was seen in the current study.
Suprachoroidal hemorrhage is rare, but it leads to devastating consequences. DSCH can occur hours to months after
surgery, either spontaneously or associated with trauma. It
manifests as sudden loss of vision, pain, shallow anterior
chamber, and high IOP. DSCH appears to be more common after glaucoma drainage device implantation than after
trabeculectomy,30–32 and may be associated with the use of
intraoperative MMC during AGV implantation in pediatric
glaucoma.31 Other risk factors included low postoperative
IOP, prior intraocular surgery, and aphakia.32 In current
study, one patient suffered DSCH 7 months after AGV
implant because of trauma. In this case, other potential risk
factors were the extreme buphthalmos (AL, 29.21 mm, HCD,
16 mm) with thin sclera and previous filtration surgery.
In previous studies of AGV implantation in pediatric
glaucoma, Englert et al26 and Al-Mobarak et al27 reported
3.7% and 7% postoperative incidences of retinal detachment,
respectively. Choroidal detachment was documented in 17%
of cases by Djodeyre et al.25 In the current study, one eye with
infantile glaucoma (AL, 29.26 mm, HCD, 15.5 mm) had
anterior chamber shallowing on the first day after operation.
Though the anterior chamber deepened 5 days later, choroidal detachment was noted and later progressed to persistent
serous retinal detachment in spite of active medical treatment.
Eyes with long-lasting IOP elevation or severe buphthalmos
are especially susceptible to developing hypotony-related
choroidal or retinal detachment after glaucoma surgery.27
There are several limitations to the current study, including a small sample size, its retrospective nature, and the
relatively short follow-up time. It also reflects the experience
of only one surgeon treating patients of only Chinese descent
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with primary congenital glaucoma with previous surgical
failure. Djodeyre et al25 showed that the surgeon’s experience is highly correlated with success of AGV implantation.
Therefore, the results of this study may not be applicable
elsewhere. Nevertheless, it does suggest that AGV implantation remains a viable option for patients with advanced
primary congenital glaucoma, despite a high incidence of
severe surgical complications.
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