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Abstract 

Background  There is no consensus and few reports as to the surgical management of encapsulated Ahmed 
glaucoma drainage devices (GDD) which no longer control intraocular pressure (IOP), especially within the pediatric 
population. The purpose of this study was to report outcomes of exchanging the Ahmed GDD for a Baerveldt GDD 
in children with refractory glaucoma.

Methods  Retrospective review of children (< 18yrs) who underwent removal of Ahmed FP7 and placement of Bae-
rveldt 350 (2016–2021) with ≥ 3-month follow-up. Surgical success was defined as IOP 5–20 mmHg without additional 
IOP-lowering surgeries or visually devastating complications. Outcomes included change in best-corrected visual 
acuity (BCVA), intraocular pressure (IOP), and number of glaucoma medications.

Results  Twelve eyes of 10 patients underwent superotemporal Ahmed FP7 to Baerveldt 350 GDD exchange 
at 8.8 ± 3.6 years. Time to Ahmed failure was 2.7 ± 1.9 years with 1-, 3-, and 5-year survival rates of 83% with a 95% 
CI[48,95], 33% with a 95% CI[10, 59], and 8% with a 95% CI[0, 30]. At final follow-up (2.5 ± 1.8 years), success rate 
for Baerveldt 350 GDDs was 75% (9 of 12 eyes) with 1 and 3-yr survival rates of 100% and 71% with 95% CI[25,92], 
respectively. IOP (24.1 ± 2.9 vs. 14.9 ± 3.1 mmHg) and number of glaucoma medications (3.7 ± 0.7 vs. 2.7 ± 1.1) were sig-
nificantly decreased (p < 0.004). BCVA remained stable. Two eyes required cycloablation and 1 eye developed a retinal 
detachment.

Conclusions  Ahmed removal with Baerveldt placement can improve IOP control with fewer medications in cases 
of refractory pediatric glaucoma. However, more eyes with greater follow-up are required to determine long-term 
outcomes.

Keywords  Childhood glaucoma, Glaucoma drainage device, Ahmed implant, Baerveldt implant

Precis
Exchange of a failed Ahmed FP7 implant for a Baerveldt 
350 glaucoma drainage device can improve IOP control 
with fewer glaucoma medications in cases of refractory 
pediatric glaucoma.

Background
Glaucoma drainage devices (GDDs) are often used in 
cases of pediatric glaucoma to decrease intraocular pres-
sure (IOP) and preserve vision [1–5]. The valved Ahmed 
and non-valved Baerveldt implants are most popular 
amongst pediatric and glaucoma specialists. While the 
valved Ahmed implant has the benefits of immediately 
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lowering IOP and less risk of hypotony, early plate encap-
sulation resulting in the hypertensive phase can lead to 
failure [6, 7]. In contrast, the non-valved Baerveldt GDD 
may have greater long-term success, but carries with it a 
higher risk of postoperative hypotony [8, 9]. As a result, 
the valved Ahmed implant is often used as a first-line 
GDD, especially by surgeons not familiar or comfortable 
with managing a non-valved implant.

In refractory cases of glaucoma, elevated IOP due to 
failure of a valved Ahmed implant frequently requires 
additional surgery [10]. Options include implant revision 
with removal of the capsule, placement of a second GDD 
in a different quadrant, and cycloablation [11–13]. In 
addition, Ahmed implants, especially those in the super-
otemporal quadrant, can be removed and replaced with a 
Baerveldt GDD [14]. However, there is a paucity of infor-
mation regarding outcomes of this procedure, especially 
in pediatric cases. In the current study, we present out-
comes of a cohort of children who underwent exchange 
of a valved Ahmed FP7 implant for a Baerveldt 101–350 
(BV350) GDD.

Methods
A retrospective case series identified patients 18  years 
of age or younger who underwent explantation of a 
failed valved Ahmed FP7 GDD (New World Medical, 
Rancho Cucamonga, CA) with concurrent placement 
of a BV350 GDD (Abbott Medical Optics, Santa Ana, 
CA) at the University of Michigan or the Ann & Rob-
ert H. Lurie Children’s Hospital of Chicago between 
01/2016 and 01/2022 by a single surgeon (BLB). The use 
of Ahmed FP7 and BV350 GDDs are not FDA approved 
for use in children, but are commonly used in clinical 
practice [1–5]. Exclusion criteria included less than 
3  months of post-operative follow-up or surgery per-
formed by other surgeons. This study was declared 
exempt, without need for patient approval or informed 
consent, due to its retrospective nature by the Institu-
tional Review Boards of the University of Michigan and 
the Ann & Robert H. Lurie Children’s Hospital of Chi-
cago. The study adhered to the tenets of the Declara-
tion of Helsinki. Data collection was de-identified and 
HIPAA compliant.

Data collected included ocular diagnoses, age at glau-
coma surgeries, surgical details, and complications. 
Childhood glaucomas were diagnosed and classified 
based on the World Glaucoma Association consensus 
[15]. Preoperative exam was defined as the examination 
immediately prior to Ahmed removal and BV350 place-
ment. Examination details obtained included best cor-
rected visual acuity (BCVA), intraocular pressure (IOP), 
and number of glaucoma medications (oral and topical). 

IOP was measured by Icare (Revenio, Vantaa, Finland), 
Tono-pen (Reichert, Depew, NY), or Goldmann appla-
nation. GDD success was defined as IOP between 5 and 
21  mmHg (± glaucoma medications), no visually devas-
tating complications, or no additional IOP-related sur-
gery. The secondary outcomes were change in BCVA, 
IOP, and number of glaucoma medications at final fol-
low-up. Datasets used and analyzed during the current 
study are available from the corresponding author on 
reasonable request.

For the surgical procedure, a 4–0 or 5–0 polypropylene 
suture was placed retrograde from the BV350 plate into 
the tube. The tube was then ligated with a 6–0 polyglac-
tin suture. A conjunctival incision was created approxi-
mately 8  mm posterior to the superotemporal limbus. 
Dissection was carried through Tenons capsule and scar 
tissue until the anterior plate and tube of the Ahmed 
implant was identified. If a patch graft was present, the 
plane between the graft and sclera was identified and the 
graft was carefully dissected off of the underlying tissues 
to expose the tube anteriorly to the sclerostomy. Often 
the anterior aspect of the graft was left attached to the 
sclera and could be reused. The capsule surrounding the 
tube was incised and a 6–0 polyglactin suture was used to 
ligate the tube half way between the sclerostomy and the 
plate. The tube was cut just anterior to the plate, leaving 
the ligated portion of the tube within the eye. The capsule 
around the plate was carefully dissected from the overly-
ing Tenons capsule. The posts within the fixation holes of 
the plate were incised to release the plate from the cap-
sule and the plate was removed from the field. The capsule 
was then dissected from the sclera and removed. The lat-
eral and superior rectus muscles were isolated on muscle 
hooks. The plate of the prepared BV350 GDD was placed 
posterior to the lateral and superior rectus muscle inser-
tions and the plate was secured to the sclera with 8–0 
nylon sutures approximately 8 mm posterior to the limbus. 
The BV350 tube was trimmed to an appropriate length. 
The cut end of the Ahmed tube was then removed and 
the Baerveldt tube was placed through the same scleros-
tomy. The tube was secured to the sclera with 9–0 nylon 
and then covered either with the previous or a new scleral 
patch graft. The Tenons capsule and conjunctiva were then 
closed in a double layered fashion with 8–0 polyglactin.

Statistical analyses included Wilcoxon Rank Sum test 
(for comparisons between preoperative and postopera-
tive values), Kaplan–Meier survival curves with Log-rank 
(Mantel-Cox) test with 95% confidence intervals (CI), 
and non-linear regression analysis. Tests were performed 
with GraphPad Prism 9.0 (GraphPad, La Jolla, CA). All 
tests were 2-sided with p-values less than 0.05 considered 
statistically significant.
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Results
Twelve eyes of ten patients (4 male:10 female) underwent 
explantation of an Ahmed FP7 GDD with simultane-
ous implantation of a BV350 GDD at an average age of 
8.8 ± 3.6 years (median 8.3, range 2.6–13.9). Six patients 
were Caucasian, one of who identified as Hispanic, and 
4 were Black (Table 1). Diagnoses included primary con-
genital glaucoma (3 eyes of 2 patients), glaucoma follow-
ing cataract surgery (3 eyes of 3 patients), and glaucoma 
secondary to non-acquired ocular anomalies (6 eyes of 5 
patients).

Six eyes of five patients had previously undergone 
between 1 and 3 angle surgeries (goniotomy or trabecu-
lotomy) prior to Ahmed FP7 placement (Table 2, 1.7 ± 0.8 
surgeries). Only the 3 eyes with glaucoma following 
cataract surgery underwent other non-glaucoma related 
intraocular surgeries including lensectomy (3 eyes of 3 
patients), secondary intraocular lens placement (1 eye) 
and pupilloplasty (2 eyes of 2 patients).

All Ahmed FP7 GDDs were implanted in the super-
otemporal quadrant at an average age of 4.4 ± 4.1  years 
(Table  2, median 3.4, range 0.3–11.6). The average time 
to Ahmed failure was 2.7 ± 1.9  years (median 2.3, range 
0.4–6.0) with 1-, 3-, and 5-year survival rates of 83% with 
a 95% CI [48,95], 33% with a 95% CI [10,59], and 8% with 
a 95% CI [0,30], respectively (Fig. 1A). There was no cor-
relation (R2 = 0.04) between number of prior intraocular 
surgeries and time to Ahmed FP7 failure. Six eyes of 4 
patients failed prior to BV350 placement due to interme-
diate glaucoma surgeries (Table 2) including Ahmed FP7 
revision for iris occlusion or tube retraction (2 eyes of 2 
patients), transcleral cyclophotocoagulation (4 eyes of 2 
patients), inferotemporal Ahmed FP8 GDD placement (4 

eyes of 3 patients), inferonasal Baerveldt 250 GDD place-
ment (2 eyes of 2 patients), and trabeculectomy with 
mitomycin C (1 eye of 1 patient). One eye (patient 5) 
underwent surgery, unrelated to IOP control, in order to 
trim the intraocular portion of the Ahmed tube to protect 
the cornea.

The average length of time between initial Ahmed 
FP7 placement and GDD exchange was 4.4 ± 2.5  years 
(median 3.4  years, range 1.9–8.0  years) such that 
the mean age at the time of BV350 placement was 
8.8 ± 3.6 years (median 8.3, range 2.6–13.9 years). At final 
follow-up (2.5 ± 1.3  years, median 2.5, range 0.9–5.6), 
the BV350 success rate was 75% (9 of 12 eyes). Survival 
analysis (Fig.  1B) showed 1- and 3-yr survival rates of 
100% and 71% with 95% CI[25,92]. As with Ahmed 
GDDs, there was no correlation (R2 = 0.1) between the 
number of prior intraocular surgeries and success time 
of BV350. When the eyes were separated into 2 groups 
based on whether IOP-related surgeries were performed 
between Ahmed GDD placement and GDD exchange, 
the 6 eyes that did not require any IOP-related surgery 
had significantly shorter follow-up (1.4 ± 0.6 years, range 
0.9–2.5  years, p < 0.04) compared to the 6 eyes which 
underwent at least 1 IOP-related surgery (e.g. transcleral 
cyclophotocoagulation, second GDD, or trabeculectomy 
with mitomycin C, 3.1 ± 1.6 years, range 2.5–4.8 years). In 
the group without intervening surgeries the 1-year sur-
vival rate was 100% and the success rate at final follow-up 
was 83%. As none of the eyes had 3  years of follow-up, 
additional survival rates were not able to be determined. 
In eyes which underwent surgeries between the Ahmed 
placement and GDD exchange, the 1- and 3-year survival 
rates were 100% and 83% with a 95% CI [27,97], respec-
tively and the success at final follow-up was 67%.

At final follow-up, 3 eyes of 3 patients were deemed 
failures. Two eyes of 2 patients with Axenfeld Rieger 
Syndrome required transcleral cycloablation for plate 
encapsulation leading to elevated IOP after 2.47  years 
(patient 6, right eye) and 3.99 years (patient 7, left eye). 
One patient with JXG (patient 8) was lost to follow up for 
2  years after the GDD exchange surgery, and returned 
with a chronic funnel retinal detachment and disloca-
tion of the crystalline lens into the vitreous. Additional 
surgery was unsuccessful and the eye eventually became 
phthisical.

At final follow-up, IOP was significantly decreased 
(p < 0.001, Table  3) compared to the examination imme-
diately prior to GDD exchange (15.2 ± 4.5  mmHg vs. 
24.1 ± 2.9  mmHg). Similarly, the number of glaucoma 
medications was also decreased (p < 0.004) at final follow-
up (2.7 ± 1.1 vs. 3.7 ± 0.7). Further, there was no significant 
difference (p = 0.39) in LogMar BCVA between the preop-
erative (0.8 ± 0.6) and final examination (0.8 ± 0.6).

Table 1  Demographics of eyes of patients that underwent an 
Ahmed to Baerveldt exchange

Abbreviations: OD Right, OS Left, PCG Primary congenital glaucoma, GFCS 
Glaucoma following cataract surgery, ARS Axenfeld-Rieger syndrome, JXG 
Juvenile xanthogranuloma

Pt # Diagnosis Eye Gender Race/Ethnicity

1 PCG OS Female Caucasian/Hispanic

2 PCG OD
OS

Female Black

3 GFCS OD Female Caucasian

4 GFCS OS Male Caucasian

5 GCFS OD Male Caucasian

6 ARS OD
OS

Male Black

7 ARS OS Female Caucasian

8 ARS OS Female Caucasian

9 ARS OS Male Black

10 JXG OD Female Black
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Discussion
GDDs are an important mainstay of treating childhood 
glaucomas and both Ahmed and Baerveldt implants 
decrease IOP and the number of glaucoma medications 
in children [3, 5, 16–19]. The valved Ahmed GDD tends 
to be more popular due to the immediate IOP lower-
ing effect and decreased risk of post-operative hypotony 
compared to the non-valved Baerveldt implants. While 
Ahmed GDDs in children have a greater than 80% success 
rate at 1 year, by 5-years, success is often less than 50% 
[3, 16, 17]. Failure of Ahmed implants is most often due 
to plate encapsulation, which is associated with a robust 
and early hypertensive phase [3, 16, 17]. A challenge is 
determining next surgical steps after Ahmed implant fail-
ure. In the current study, we present a cohort of pediatric 

patients who underwent removal of an encapsulated 
Ahmed FP7 with placement of a BV350 GDD.

The strategy underlying this GDD exchange is that 
Baerveldt implants as non-valved devices show greater 
longevity and pressure lowering effect due to less plate 
encapsulation and larger available plate sizes [8, 9, 18]. 
Early postoperative capsule formation around a non-
valved implant occurs in the absence of pro-inflamma-
tory factors within aqueous humor that are hypothesized 
to accelerate encapsulation of a valved device. Further, 
most surgeons place the initial Ahmed GDD in the super-
otemporal quadrant, which is also the preferred location 
for the Baerveldt 350 implant given the size of the plate 
and resulting bleb. This GDD exchange surgery leaves 
other quadrants of the globe untouched if additional 
glaucoma surgeries are required. Our study was a small 
cohort of 12 eyes and the average length of follow-up was 
only 2.5  years. However, to the best of our knowledge, 
there has only been one other study with 9 eyes of adult 
patients that reported outcomes of this procedure with 
an average follow-up of 3.9 years [14]. In Zuo and Lesk, 
the majority of the Ahmed implants were the S2 model 
(7 of 9 eyes), which is the original valve made of polypro-
pylene, not the FP7, which is silicone [14]. Nonetheless, 
studies have shown that there is no significant difference 
in IOP-lowering effect or success rate between these two 
models [20]. The success rate based on their criteria (IOP 
of 21  mmHg or lower and a 20% IOP reduction from 
baseline starting two months post-operatively) at final 
follow-up was 67% (7 of 9 eyes). Importantly, 2 additional 
patients, who were not considered failures by Zuo and 
Lesk’s criteria, required IOP-lowering surgery (orphan 
trabeculectomy and tube revision for occlusion) within 
the first two post-operative months [14]. Two of the fail-
ures in the current study required cycloablation approxi-
mately 2.5 and 4  years after the GDD exchange, and at 
final follow-up had achieved IOP control. One patient, 
who was lost to follow-up, returned with a chronic unre-
pairable retinal detachment. This eye was considered a 
failure, although given the lack of intermediate follow-up, 
it is unclear the etiology of the retinal detachment and its 
relation to the GDD exchange surgery.

There are additional surgical options for encapsulated 
Ahmed GDDs. The Ahmed implant can be revised to 
remove the dense capsule that surrounds the plate [11]. 
While this may yield temporary IOP control, the plate 
often becomes re-encapsulated leading to recurrent ele-
vated IOP. The use of mitomycin C in conjunction with 
capsule removal showed a success rate of 58% at 3 years, 
but increased rate of erosion requiring device explanta-
tion [13]. Placement of a second GDD in a different quad-
rant is a common choice. Studies have demonstrated that 
implantation of a second Ahmed GDD shows success 

Fig. 1  Survival rates of GDD devices. A Kaplan–Meier survival analysis 
of Ahmed FP7 GDDs showed 1-, 3-, and 5-year survival rates of 83% 
with a 95% CI [48,95], 33% with a 95% CI [10,59], and 8% with a 95% 
CI [0,30], respectively. B At final follow-up, BV350 glaucoma drainage 
devices showed survival rates of 100% and 71% with 95% CI [25,92], 
at 1- and 3-years, respectively
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rates of 60–87% at 12–18 months, but decreases to 52% 
at 3  years. Further, the most common complication was 
corneal edema or bullous keratopathy in 13–25% of the 
patients [21–23]. A multi-center randomized trial of sec-
ond aqueous shunts compared to transcleral cyclophoto-
coagulation showed similar 1-year success rates for both 
procedures (79% vs. 88%) in 42 eyes of adult patients [12]. 
However, in this study there was no data regarding the 
primary GDD type and the secondary implant was a Bae-
rveldt. In addition to corneal decompensation, there are 
other potential complications related to the location of the 
second tube. The inferotemporal quadrant is more prone 
to exposure and can create noticeable blebs under the thin 
skin of the lower eyelid. Further, GDDs in the superonasal 
and inferonasal quadrants may interfere with the superior 
and inferior oblique muscles, respectively, leading to chal-
lenging vertical or torsional strabismus [24].

The exchange of an Ahmed GDD for a BV350 implant 
requires removal of the device as well as the capsule 
which is often adhered to both the sclera and overlying 
Tenons capsule. A concern regarding the exchange sur-
gery is that scarring from the previous Ahmed may influ-
ence wound healing such that the Baerveldt plate may 
more quickly encapsulate leading to elevated IOP. In the 
current study, the 1- and 3- year survival rates of the Bae-
rveldt 350 GDDs were 100% and 71%. This is similar to 
other studies not involving a GDD exchange that showed 
Baerveldt success rates of 80–90% at 1-year and 60–70% 
by 5–6  years [18, 25]. The most common cause of Bae-
rveldt failure is plate encapsulation that increases resist-
ance to outflow. Like Ahmed implants, Baerveldt devices 
can be revised or a second GDD can be placed in a dif-
ferent quadrant. However, neither of these approaches 

may yield long-term IOP control and potentially increase 
scarring and utilize additional quadrants that may limit 
future surgical options. As a result, at least in our prac-
tice cycloablation, either transcleral or endoscopic, is 
often employed if IOP is increased due to plate encapsu-
lation. This approach does rely on some amount of out-
flow through the capsule and may not be effective if there 
is dense encapsulation. Further, cycloablation can be less 
predictable and there is a risk of chronic hypotony and 
subsequent phthisis with over treatment [12].

In cases of refractory glaucoma, the goal is to obtain 
IOP control while maintaining vision. In our cohort, there 
was no significant difference between preoperative and 
final BCVA, although the average LogMar visual acuity 
was 0.8 (~ 20/120). The lower visual acuity in these eyes 
can be attributed to many factors including glaucomatous 
optic neuropathy, corneal damage, high refractive error, 
and amblyopia. In the patient who developed a retinal 
detachment, she was densely amblyopic in her affected 
eye and although her visual acuity decreased from count 
fingers to light perception, there was no effect on her 
overall visual function as her unaffected eye was 20/20. 
Further, Like Zuo and Lusk, exchange of an Ahmed GDD 
to a BV350, IOP and the number of glaucoma medica-
tions were significantly decreased at final follow-up [14].

There are limitations to this study, which include the 
small sample size with variable follow-up times and the 
retrospective nature of this study. Further, this cohort 
represents a heterogenous sample of childhood glauco-
mas and different number of prior glaucoma surgeries 
which may influence the success of the procedure. Despite 
these limitations, it is important to recognize that in the 
situation of failed Ahmed GDD, this surgical procedure 

Table 3  Preoperative and postoperative examination details

Abbreviations: OD Right, OS Left, BCVA best corrected visual acuity, IOP intraocular pressure

Pt # Eye Preoperative 
BCVA (Logmar)

Preoperative 
IOP

Preoperative 
Glaucoma 
Medications

Final BCVA Final IOP Final Glaucoma 
Medications

Follow-up 
Time (yrs)

1 OS 1.28 24 3 0.88 19 2 1.88

2 OD 1.40 20 4 1.3 13 3 3.50

2 OS 0.48 28 4 0.4 15 3 3.56

3 OD 0.54 25 4 0.7 14 2 1.31

4 OS 1.18 26 3 1.7 18 2 0.99

5 OD 1.90 27 3 1.9 20 0 0.86

6 OD 0.54 23 4 0.54 16 3 5.63

6 OS 0.60 19 4 0.48 20 3 4.81

7 OS Right Eye Prefer-
ence

25 3 0.50 10 3 4.07

8 OS 0.10 21 4 0.18 11 4 1.03

9 OS 0.40 24 5 0.48 20 4 2.98

10 OD 1.90 25 3 2.80 6 3 2.46
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is a plausible option for obtaining IOP control with fewer 
medications and importantly preserving the conjunctiva in 
other quadrants. This is the first report of exchange of an 
Ahmed implant for a BV350 GDD in the pediatric popula-
tion and additional studies are required to better evaluate 
longer term outcomes with a greater number of eyes.

Conclusions
In pediatric patients with refractory glaucoma, same 
quadrant exchange of a valved Ahmed GDD for a non-
valved Baerveldt can improve IOP control with fewer 
medications at final follow-up. While more eyes with 
greater follow-up are required, this surgical procedure is 
a viable option for encapsulated Ahmed GDDs which no 
longer adequately control IOP in children.

Abbreviations
IOP	� Intraocular pressure
GDD	� Glaucoma drainage device
BV350	� Baerveldt 101–350 glaucoma drainage device
CI	� Confidence interval
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