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Abstract

Background: Limited data exists on the effectiveness of the collagen matrix, Ologen, on increasing Ahmed
glaucoma valve (AGV) success in childhood glaucomas.

Methods: Ocular examination and surgical details of pediatric patients who underwent AGV placement ± Ologen
augmentation between 2012 and 2020. Complete success was defined as intraocular pressure (IOP) between 5 and
20 mmHg without glaucoma medications and additional IOP-lowering surgeries. Qualified success was defined as
above, except IOP control maintained with or without glaucoma medications.

Results: Twenty-two eyes of 16 patients underwent AGV placement of which 6 eyes had Ologen-augmentation
(OAGV) and 16 eyes had conventional surgery (CAGV). Average age was 6.4 ± 5.1 years with 4.2 ± 2.5 follow-up years.
There was no difference in age, number of previous surgeries, and preoperative IOP and glaucoma medications. At
final follow-up, success rate was 100% (5 eyes complete, 6 eyes qualified) in the OAGV group compared to 31% (0 eyes
complete, 5 eyes qualified) in the CAGV group. One and two-year survival rates were 100% for OAGV compared to 62
and 38% for CAGV. Postoperative IOP was significantly lower at 1-month and final follow-up (p = 0.02) as was the
number of glaucoma medications at 3, 6, 12-months and final follow-up (p < 0.05) in the OAGV group.

Conclusions: Ologen-augmentation increased the success and survival rates of AGVs in childhood glaucomas. Further,
Ologen mitigated the hypertensive phase and decreased medication dependency. Longer follow-up with a greater
number of eyes is required to fully evaluate the effectiveness of OAGV.
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Background
Pediatric glaucomas are an important cause of blindness, af-
fecting 1:5000–1:10,000 children worldwide [1]. The causes
of elevated intraocular pressures (IOP) in children encom-
pass a diverse set of pathologies including congenital abnor-
malities, inflammation, and trauma. Glaucoma surgery is
often required to preserve vision, and the choice of surgery is
dictated by numerous factors such as ocular anatomy, pa-
tient age, and end-target IOP [2].

Glaucoma drainage devices (GDDs) are a mainstay of
treatment for refractory glaucoma in both pediatric and
adult populations [3, 4]. In children, Ahmed glaucoma
valves (AGV) have greater than 80% success rate at 1-
year, but success decreases to less than 50% by 5 years
[5–7]. In order to improve long-term IOP control, mito-
mycin C (MMC) has been used as an adjuvant during
implant placement. While MMC is commonplace in tra-
beculectomy, its use with GDDs is controversial due to
increased complications such as bleb leaks and endothe-
lial cell damage [8]. More recently, Ologen, a biodegrad-
able Type-I collagen matrix, has been used in glaucoma
surgeries. Ologen is safe and effective in enhancing tra-
beculectomy surgery in adults and children [9–12]. Re-
ports in adult patients have shown that Ologen may
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increase AGV success and decrease hypertensive phase
incidence [13, 14]. In the current study, we compare
success and survival of Ologen augmentation of AGV
(OAGV) to conventional AGV (CAGV) implantation in
children.

Methods
A retrospective case series identified patients 18 years of
age or younger who underwent Ahmed FP7 or FP8
(New World Medical, Rancho Cucamonga, CA) implant-
ation at the University of Michigan between January
2012 and January 2020. This study was approved by the
Institutional Review Board at the University of Michigan.
Data collection was de-identified and HIPAA compliant.
Childhood glaucomas were classified based on the

World Glaucoma Association consensus [15]. Glaucoma
was defined by at least 2 repeated IOP measurements
greater than 21 mmHg and accompanying signs of
buphthalmos, corneal edema, Haabs striae, or optic
nerve cupping. The primary outcome measure was AGV
success. Complete success was defined as IOP of 5-20
mmHg without topical glaucoma medications and no
additional IOP-lowering surgery or visually-devastating
complications. Qualified success was defined as above,
except IOP control maintained with or without glau-
coma medications.
Data collected included age, gender, ethnicity, ocular

diagnoses, intraocular surgeries, surgical procedure de-
tails, and complications. Preoperative best-corrected vis-
ual acuity (BCVA), IOP and ocular medications were
last recorded values before surgery. Postoperative BCVA,
IOP and ocular medications at 1-day, 1-week, 1-month,
3-months, 6-months, 12-months, and at final follow-up
were recorded for secondary outcome analysis. IOP was
measured by Icare (Revenio, Vantaa, Finland), Tono-pen
(Reichert, Depew, NY) or Goldmann applanation.
All AGV surgeries were performed under general

anesthesia by the same surgeon (BLB). The choice of
AGV (FP7 vs. FP8) and location (superotemporally vs.
superonasally) depended on the eye size, patient age,
and history of previous ocular surgeries. The valve
mechanism of the AGV was primed with balanced salt
solution. For Ologen (Aeon Astron, Leiden,
Netherlands) augmentation, a small drop of balanced
salt solution followed by the 12 mm× 1mm circular disc
were placed on the AGV plate. The balanced salt solu-
tion lightly hydrated the Ologen such that the disc ad-
hered to the plate (Fig. 1a-d, Video 1) Limbal-based
conjunctival and Tenon’s capsule incisions were created
approximately 7-8 mm from the limbus. Adjacent rectus
muscles were isolated on hooks. The prepared AGV ±
Ologen was placed in the selected quadrant and secured
to the sclera with 8–0 nylon sutures. Care was taken in
the OAGV group that the Ologen disc was not dislodged

during placement (Fig. 1e-h). Dissection was carried for-
ward to the limbus, and the tube was cut to an appropri-
ate length. A paracentesis was created and viscoelastic
was injected to deepen the anterior chamber. A 23-
gauge needle was used to tunnel through the sclera, ap-
proximately 1 mm posterior to the limbus into the anter-
ior chamber. The tube was placed through the
sclerostomy and then secured to the sclera with a 9–0
nylon suture. A scleral patch graft was secured with 8–0
polyglactin sutures. Tenon’s capsule followed by con-
junctiva were closed in a double-layered fashion with
running 8–0 polyglactin sutures. With removal of the
viscoelastic with balanced salt solution, a bleb formed
over the AGV plate.

Fig. 1 Surgical Details of OAGV Implantation. a The AGV was primed
with balanced salt solution with a 27-gauge cannula. b A drop of
balanced salt solution is placed on the plate c The 12mm× 1mm
Ologen disc was placed on the AGV plate. d, e The balanced salt
solution lightly hydrated the Ologen such that the disc adhered to
the plate. f, g, and h The AGV with Ologen was placed within the
sub-Tenon’s space. Care was taken to not dislodge the disc from
the plate
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For statistical analyses all tests including Wilcoxon
Rank Sum test (comparison between the two groups and
pre- and post-operative values) and Kaplan-Meier sur-
vival curves with Log-rank (Mantel-Cox) test and ac-
companying 95% confidence intervals (CI) were
performed with GraphPad Prism 8.0 (GraphPad, La Jolla,
CA). All tests were 2-sided, and p-values less than 0.05
were considered statistically significant.

Results
Twenty-two eyes of 17 patients underwent AGV im-
plantation at 6.4 ± 5.1 years of age (range 0.4–14.1 years)
with follow-up of 4.2 ± 2.5 years (Table 1). Both eyes of
the 5 patients who underwent bilateral AGV implant-
ation were included in the analyses as there was less
than 1-month (expected time before onset of hyperten-
sive phase) between surgeries. Diagnoses included pri-
mary congenital glaucoma, Axenfeld-Rieger syndrome,
microphthalmia with glaucoma following cataract sur-
gery (GFCS), uveitis, Peters Anomaly, aniridia, angle re-
cession glaucoma, and congenital ectropion uvea
(Table 2). Fifteen eyes of 11 patients were phakic, 5 eyes
of 5 patients were aphakic, and 2 eyes of 1 patient were
pseudophakic.
Six eyes of 4 patients underwent OAGV while 16 eyes

of 13 patients had CAGV (Tables 1, 2). There was no
difference in age at time of surgery (p = 0.3), number of
prior intraocular surgeries (p = 0.5), and preoperative
axial lengths (p > 0.1), Details of prior intraocular surger-
ies are provided in Table 2. Furthermore, there was no
difference in preoperative IOP (p = 0.9) and the number
of preoperative glaucoma medications (p = 0.5) (Tables 3
and 4), There was a significant difference (p < 0.001) in
follow-up time between the groups.
AGV placement was uncomplicated in all eyes and

there were no intra-operative or immediate post-
operative visually-devastating complications. In the
OAGV group, at final follow-up, all 6 eyes (100%) were

qualified successes with 5 eyes (83%) complete successes.
Postoperative IOP at all time points (Table 3) were sig-
nificantly lower than preoperative IOP (p < 0.001). Fur-
thermore, none of the OAGV eyes showed a
hypertensive phase between 1 and 2-months postopera-
tively. Similarly, the number of glaucoma medications at
all postoperative time points (Table 4) was decreased
(p < 0.001). In the CAGV group, at final follow-up, the
qualified success rate was 31% (5 of 16 eyes). No eyes
were complete successes. Ten eyes required additional
glaucoma surgery (Table 2). One eye, which had previ-
ously undergone multiple sessions of transcleral cyclo-
photocoagulation became hypotonous and the Ahmed
device was removed. Bleb morphology in the complete
or qualified successes was similar in the OAGV (6 eyes)
and CAGV (5 eyes) groups (Table 2). In CAGV eyes that
remained qualified successful, postoperative IOPs (Table
2) were significantly lower than preoperative IOP
(p < 0.05). Compared to preoperative, the number of
glaucoma medications (Table 3) was significantly fewer
at postoperative 1-day, 1-month, and 3-months
(p < 0.02), but not at 6-months, 12-months, and final
follow-up in eyes.
Kaplan-Meier survival analysis demonstrated signifi-

cant differences between the OAGV and CAGV groups
[(p = 0.0004 for complete success (Fig. 2a), p = 0.04 for
qualified success (Fig. 2b)]. Two-year survival rates with
OAGV for complete success was 80% with 95% CI [20,
97] and for qualified success was 100%. In contrast, 2-
year survival rates with CAGV for complete success was
0% and for qualified success was 37% with 95% CI [15,
49]. Comparing OAGV eyes to CAGV eyes which had
remained qualified successful, IOP at 1-month postoper-
atively and final follow-up was significantly lower (p =
0.02) in the OAGV group. Furthermore, the number of
glaucoma medications was significantly lower in the
OAGV eyes at 3-months, 6-months, 12-months, and at
final follow-up (p < 0.05).

Table 1 Demographics

OAGV
6 Eyes of 4 Patients

CAGV
16 Eyes of 13 Patients

Age (Years) 4.6 ± 4.7 7.0 ± 5.2 p = 0.3

Final Follow-Up (Years) 1.5 ± 0.6 5.3 ± 2.1 p < 0.001

Gender (M:F) 1:5 eyes (1:3 patients) 7:9 eyes (7:6 patients)

Preoperative Axial Length 18.9 ± 0.4 mm 21.2 ± 2.8 mm p > 0.1

Previous Intraocular Surgeries 3 eyes of 2 patients
2.3 ± 0.6 surgeries/eye

10 eyes of 11 patients
3.3 ± 1.8 surgeries/eye

p = 0.4

Previous Glaucoma Surgeries 3 eyes of 2 patients
1 surgery/eye

10 eyes of 11 patients
2.6 ± 1.5 surgeries/eye

p = 0.1

Lens (Phakic:Aphakic:Pseudo) 3:1:2 12:4:0

Ahmed® (FP7:FP8) 5:1 14:2

Plate (Supertemporal:Superonasal) 6:0 9:7
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Table 2 Individual Patients

CAGV Eye Diagnosis Previous Intraocular Surgeries Ahmed Type and
Placement

Success/Additional Surgeries/
Bleb Morphology

Patient
1

OD Uveitis CE-IOL, Synechiolysis, 180° Goniotomy FP7
Superotemporal

Qualified
High, Moderately Encapsulated
Bleb

Patient
1

OS Uveitis CE-IOL, 180° Goniotomy FP7
Superotemporal

Complete
High, Moderately Encapsulated
Bleb

Patient
2

OD Axenfeld-Rieger None FP8
Superotemporal

Complete
Diffuse, Low Bleb

Patient
2

OS Axenfeld-Rieger None FP8
Superotemporal

Complete
Diffuse, Low Bleb

Patient
3

OD Angle Recession None FP7
Superotemporal

Complete
High, Moderately Encapsulated
Bleb

Patient
4

OD Microphthalmia/
GFCS

CE, Transcleral Cyclophotocoagulation FP7
Superotemporal

Complete
Diffuse, Low Bleb

OAGV Eye Diagnosis Previous Intraocular Surgeries Ahmed Type and
Placement

Success/Additional Surgeries/
Bleb Morphology

Patient
5

OD Primary Congenital
Glaucoma

Trabeculotomy, Trabeculectomy with MMC, Bleb
Needling

FP7
Superonasal

Failed
Baerveldt 350 Placed

Patient
5

OS Primary Congenital
Glaucoma

Trabeculotomy, Trabeculectomy with MMC, Bleb
Needling

FP7
Superonasal

Qualified
High Moderately Encapsulated
Bleb

Patient
6

OD Axenfeld-Rieger None FP7
Superotemporal

Failed
Ahmed Removed and Baerveldt
350 Placed

Patient
6

OS Axenfeld-Rieger None FP7
Superotemporal

Failed
Ahmed Removed and Baerveldt
350 Placed

Patient
7

OD Aniridia Endoscopic Cyclophotocoagulation FP7 Superotemporal Qualified
High, Moderately Encapsulated
Bleb

Patient
7

OS Aniridia Endoscopic Cyclophotocoagulation FP7
Superotemporal

Qualified
High, Moderately Encapsulated
Bleb

Patient
8

OS Primary Congenital
Glaucoma

Trabeculotomy × 2, Baerveldt 250, Tube Revision FP7
Superonasal

Failed
Transcleral
Cyclophotocoagulation

Patient
9

OD Microphthalmia/
GFCS

CE, Transcleral Cyclophotocoagulation × 4, Baerveldt
350, Removal of Baerveldt

FP8
Superotemporal

Failed
Hypotony and Ahmed Removed

Patient
10

OD Microphthalmia/
GFCS

CE, Pupilloplasty, Vitrectomy, Baerveldt 350 FP7
Superonasal

Qualified
Diffuse, Low Bleb

Patient
11

OS Axenfeld-Rieger None FP7
Superotemporal

Failed
Ahmed Removed and Baerveldt
350 Placed

Patient
12

OD MicrophthalmiaGFCS CE, Transcleral Cyclophotocoagulation × 4 FP7
Superotemporal

Qualified
Diffuse, Low Bleb

Patient
13

OS Uveitis None FP7
Superotemporal

Failed
Transcleral
Cyclophotocoagulation

Patient
14

OS Congenital
Ectropion Uvea

None FP7
Superotemporal

Failed
Ahmed Removed,
Trabeculectomy with MMC

Patient
15

OS Peters Anomaly None FP7
Superonasal

Failed
Baerveldt 350 Placed

Patient
16

OD Primary Congenital
Glaucoma

Trabeculotomy × 2, Trabeculectomy with MMC, CE,
Vitrectomy

FP7
Superonasal

Failed
Baerveldt 350 Placed
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Given the nature of the patients with pediatric glau-
coma, BCVA measurements were limited by age and co-
operation. At time of AGV surgery, 2 patients (3 eyes) in
the OAGV group and 4 patients (6 eyes) in the CAGV
group were young infants and showed reaction to light. At
final follow-up, 1 patient (1 eye) in the OAGV was still an
infant while all patients in the CAGV group were coopera-
tive for visual acuity testing. In patients able to undergo
visual acuity testing, there was no significant difference in
LogMar VA between the OAGV and the CAGV groups at
time of surgery (0.5 ± 0.5 vs. 0.9 ± 0.9. p = 0.5) or at final
follow-up (0.4 ± 0.2 vs. 0.8 ± 0.8, p = 0.6). Overall 3 eyes
showed worse vision at final follow-up. One eye in the
OAGV group had a decline in BCVA due to worsening
band keratopathy. Two eyes in the CAGV group had
worse visual acuity, 1 due to hypotony and 1 due to retinal
detachment following placement of a Baerveldt GDD.

Discussion
GDDs are important to the surgical management of
pediatric glaucomas [3, 4, 16]. Although many forms of
childhood glaucomas respond well to angle surgery, cer-
tain pathologies such as Peters Anomaly, Axenfeld-
Rieger syndrome, and aniridia usually require trabecular
meshwork-bypass surgery to gain long-term IOP control.
Trabeculectomy with anti-fibrotic medications can suc-
cessfully control IOP, however, with this surgery comes
the lifelong risk of visually-devastating infections [17].
With the advent of GDDs, trabeculectomy, at least in
the United States, has become a less popular option for
the pediatric population.

Numerous types of GDDs have been introduced over
the last 25 years and are divided into valved and non-
valved implants. The valved-implants such as AGVs
have the advantages of immediate IOP-lowering effect
and less risk of hypotony as the valve regulates uni-
directional flow through the device [16]. However, early
post-operative aqueous humor is hypothesized to carry
pro-inflammatory factors which lead to plate encapsula-
tion and the subsequent hypertensive phase approxi-
mately 4–6 weeks postoperatively [18, 19]. Longitudinal
studies have demonstrated that the presence of an early
hypertensive phase predicts worse long term outcomes
[18]. Furthermore, late failure can occur due to fibrovas-
cular ingrowth into the valve mechanism [20]. In con-
trast, non-valved implants such as Baerveldt GDDs rely
on fibrous capsule formation around the plate to serve
as the main resistance to outflow. The tube must either
be temporarily ligated or staged to allow time for capsule
formation. The advantage of the non-valved GDDs is the
ability to achieve lower IOP for longer periods of time,
while the trade-offs are delayed pressure lowering effect
and a higher risk of hypotony. Nevertheless, the plates of
the non-valved GDDs can also become encapsulated
resulting in failure, although this typically occurs later
postoperatively compared to the valved-implants [21].
Both types of GDDs in pediatric glaucomas typically
have a lower success rate compared to adult-onset glau-
comas, presumably due to the magnified inflammatory
and wound-healing response [3, 4, 16].
Various approaches have been taken to decrease plate

encapsulation and improve long-term IOP control for
both valved and non-valved GDDs. MMC augmentation

Table 2 Individual Patients (Continued)

CAGV Eye Diagnosis Previous Intraocular Surgeries Ahmed Type and
Placement

Success/Additional Surgeries/
Bleb Morphology

Patient
17

OD Peters Anomaly Trabeculotomy FP8
Superonasal

Failed
Transcleral
Cyclophotocoagulation

Table 3 IOP Measurements

OAGV CAGV

IOP in mmHg (# of Eyes)a P value
Pre vs. Post

IOP in mmHg (# of Eyes)a P value
Pre vs. Post

P value
OAGV vs. CAGV

Preoperative 30.5 ± 7.4 (6 Eyes) 29.8 ± 13.7 (16 Eyes) p = 0.9

Postoperative

1 Day 13.4 ± 9.7 (6 Eyes) p = 0.009 10.9 ± 4.8 (16 Eyes) p = 0.0003 p = 0.4

1Month 10.5 ± 3.1 (6 Eyes) p = 0.0001 17.0 ± 5.7 (15 Eyes) p = 0.003 p = 0.02

3Months 10.6 ± 5.9 (6 Eyes) p = 0.0009 15.4 ± 3.8 (13 Eyes) p = 0.002 p = 0.06

6Months 11.6 ± 3.7 (6 Eyes) p = 0.0006 16.7 ± 8.3 (10 Eyes) p = 0.04 p = 0.2

12Months 13.4 ± 4.2 (6 Eyes) p = 0.001 15.0 ± 2.2 (9 Eyes) p = 0.006 p = 0.4

Final 10.8 ± 4.1 (6 Eyes) p = 0.0002 17.4 ± 3.6 (5 Eyes) p = 0.05 p = 0.02
aNumber of Eyes with Qualified or Complete Success
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Table 4 Glaucoma Medications

OAGV CAGV

Medications (# of Eyes)a P value
Pre vs. Post

Medications (# of Eyes)a P value
Pre vs. Post

P value
OAGV vs. CAGV

Preoperative 2.8 ± 1.5 (6 Eyes) 2.3 ± 1.2 (16 Eyes) p = 0.5

Postoperative

1 Day 0.2 ± 0.4 (6 Eyes) p = 0.001 0.8 ± 0.8 (16 Eyes) p = 0.0005 p = 0.09

1Month 0 (6 Eyes) p = 0.0008 0.5 ± 0.9 (15 Eyes) p = 0.0001 p = 0.18

3Months 0 (6 Eyes) p = 0.0008 1.1 ± 1.3 (13 Eyes) p = 0.02 p = 0.05

6Months 0 (6 Eyes) p = 0.0008 1.5 ± 1.4 (10 Eyes) p = 0.11 p = 0.02

12Months 0 (6 Eyes) p = 0.0008 2.1 ± 1.4 (9 Eyes) p = 0.7 p = 0.002

Final 0.2 ± 0.4 (6 Eyes) p = 0.001 2.0 ± 1.0 (5 Eyes) p = 0.6 p = 0.003
aNumber of Eyes with Qualified or Complete Success

Fig. 2 Survival Rates of OAGV and CAGV. a Survival curves for complete success (IOP control without glaucoma medications) of OAGV vs. CAGV
were significantly different (p = 0.0004) by Log-rank (Mantel Cox) test. Survival rate for OAGV was 100% at 1-year and 80% with 95% CI [20, 97]. In
contrast, survival rates for CAGV was 13% with 95% CI [2, 33] at 1-year and 0% at 2-years. b Survival curves for qualified success of OAGV vs. CAGV
were also significantly different (0.04). Survival rate for OAGV was 100% at 1 and 2-years. Survival rates for CAGV was 63% with 95% CI [35, 82] at
1-year, 38% with 95% CI [16, 60] at 2-years, and 28% with 95% CI [8, 52] at 6-years
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of GDD implantation has predominantly fallen out of
favor as studies have either shown an increase in bleb
leaks and complications secondary to hypotony or no
significant difference in IOP or number of glaucoma
medications [22]. More recently, studies have utilized
Ologen in conjunction with AGV implantation in adult
glaucomas [13, 14, 23].
Ologen is a porous matrix consisting of 90% type-I col-

lagen and 10% glycosaminoglycans that biodegrades in 6–
12months. The implant promotes non-cicatricial wound
healing by binding fibroblasts and subsequently prevent-
ing organization into scar formation. The use of Ologen in
glaucoma surgeries was first described 10 years ago as an
adjuvant for trabeculectomy. Since then, studies in adults
and children have demonstrated that trabeculectomy with
Ologen has a similar success rate as MMC, but with fewer
complications related to hypotony [9–11, 24].
To date, three studies have reported the use of Ologen

as an adjuvant for AGVs in adults [13, 14, 23]. The first
showed that increased AGV success correlated with the
thickness of the Ologen disc. However, the forms of
Ologen that were utilized in this study are no longer
commercially available [13]. The second study demon-
strated a higher rate of success with OAGV compared to
CAGV, and no difference in the incidence of the hyper-
tensive phase between the two groups. Interestingly, the
second study found that after 6 months, there were dif-
ference in glaucoma medication requirement between
the two groups. This late-onset requirement for glau-
coma medications may be due to the biodegradation of
the Ologen implant [14]. The third study, a randomized
prospective clinical trial, reported no difference in inci-
dence of hypertensive phase or rate of AGV success at
1-year follow-up [23]. Importantly, these studies ex-
cluded children, although the study by Kim et al. in-
cluded two patients with a history of primary congenital
glaucoma who underwent AGV implantation after the
age of 18 years [14].
To the best of our knowledge, we present the first

study that compares OAGV to CAGV implantation in
pediatric glaucomas. In contrast to the studies in adults,
we found a significant improvement in both qualified
and complete success rates as well as overall survival
with OAGV. In addition to fewer glaucoma medications,
eyes which underwent OAGV showed lower IOP at 1-
month and final follow-up compared to CAGV. Al-
though in our study we have significantly longer follow-
up in the CAGV group, survival analysis was purposely
done at 1 and 2 years when there was follow-up from
the majority of the OAGV eyes. This analysis demon-
strated that the greatest decrease in both complete and
qualified success in the CAGV group occurred within
the first 2 years. This was in contrast to the OAGV eyes
which showed consistent survival and success during

this same time frame. While it is possible that the
OAGV group may have a delayed, but similar failure rate
after year 2, the Ologen disc degrades approximately 6
months post-implantation. Thus, our 1 to 2-year data in
the OAGV groups suggest that the presence of the Olo-
gen itself is not required for maintenance of surgery suc-
cess. While this is encouraging, longer follow-up is
required to determine whether there is late failure.
While our study confirms that Ologen is a safe adjunct

to AGV placement, the main downside is the cost of the
biodegradable implant which is approximately $200 per
unit. The placement of the Ologen disc does not in-
crease the length of the procedure and at least in our
study, has improved success and survival rates of the
AGVs. In the long-term, this decreases the post-
operative costs of anti-hypertensive medications and
additional glaucoma surgeries.
Another potential use for Ologen may be in revisions

of encapsulated AGVs. Removal of the fibrous capsule
improves short-term IOP control, but does not typically
yield long-term results due to frequent re-encapsulation.
Unfortunately, Ologen does not seem to improve these
results in cases of adult glaucoma [25]. Anecdotally, we
have also seen minimal benefit of Ologen in revision of
AGVs in pediatric glaucomas.
Limitations of our study include the small number of

patients, the retrospective nature of the case series, and
variable times of follow-up. In addition, our study repre-
sents a diverse set of pediatric glaucoma etiologies in
both the OAGV and CAGV groups. The specific types
of glaucoma may influence the overall success of any
pressure lowering surgery including AGV placement
with or without Ologen. For example, IOP control in
uveitic glaucoma is highly dependent on the peri-
operative inflammation control. The OAGV patient with
uveitic glaucoma (patient 1) had excellent long-term in-
flammatory control prior to and following AGV place-
ment in contrast to the CAGV patient with uveitic
glaucoma (patient 13), whose peri-operative inflamma-
tory control was tenuous. However, many of the other
forms of glaucoma represented in this study such as
Axenfeld-Rieger syndrome, Peters Anomaly, micro-
phthalmia, and aniridia are well-known to be refractory
to both medications and angle surgery. Only a handful
of studies have been able to access outcomes in these es-
pecially rare diseases [26, 27]. More common forms of
pediatric glaucomas such as primary congenital glau-
coma and glaucoma following cataract surgery are often
amenable to angle surgery and only the more compli-
cated and difficult cases progress to trabecular bypass
surgery. Thus, larger studies are required to determine
whether the type of glaucoma affects success of OAGV
At this time, the authors still predominantly use Baer-
veldt GDDs except in cases where immediate pressure
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lowering effect is needed. However, with longer follow-
up of these initial patients and possibly a prospective
trial with a higher volume of patients, OAGV implant-
ation may become a first-line surgical treatment in
forms of glaucoma not amenable to angle surgery.

Conclusions
In our small study, Ologen-augmentation improved the
success and survival rates of AGVs in refractory
pediatric glaucomas. Furthermore, Ologen eliminated
the hypertensive phase often seen in conventional AGV
implantation and decreased the need for postoperative
IOP-lowering medications. A longer follow-up with a
greater number of eyes is required to fully evaluate the
effectiveness of OAGV.

Literature search
A comprehensive literature search in PubMed was con-
ducted using keywords: Glaucoma drainage device,
Ahmed glaucoma implant/device, Ologen, collagen
matrix, pediatric glaucoma.
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