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Abstract
Purpose  We report the pathological analysis of a postoperative fibrotic reaction as an initial sign of a sight-threatening 
complication observed during the 2-year outcomes follow up of Baerveldt glaucoma implant (BGI) surgery in eyes with 
refractory childhood glaucoma.
Study design  Retrospective case series.
Methods  Fifteen eyes of 10 patients with refractory childhood glaucoma underwent BGI surgery between 2013 and 2020 
at the University of Osaka Hospital. Patients were followed for a minimum of 2 years postoperatively. We investigated the 
postoperative complications, and histopathologically analyzed the specimens obtained from three eyes with postoperative 
fibrous membranes on the irises.
Results  Nine eyes (60%) had a postoperative fibrous membrane around the tube or on the iris close to the tube, whereas two 
eyes developed a tractional retinal detachment. The pathological results indicated the tissues were eosinophilic fibrous scar 
tissues that did not have inflammatory or neoplastic lesions.
Conclusion  BGI surgery was effective in patients with refractory childhood glaucoma. However, clinicians should be alert 
to the potential for development of fibrotic ocular inflammation in refractory childhood glaucoma eyes.
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Introduction

Childhood glaucoma must be diagnosed and treated as 
early as possible to prevent childhood blindness and pro-
tect patients’ future vision. Medical therapy is usually 
difficult because of poor efficacy, difficulties with regular 

administration, and serious systemic adverse effects [1]. 
The main treatment for primary or secondary childhood 
glaucoma is surgery because the anatomies of trabecular 
meshwork and Schlemm’s canal are abnormal [2]. The first 
surgical choice is angle surgery (goniotomy or trabeculot-
omy), but, in primary childhood glaucoma approximately 
20% of surgery will eventually fail [3]. In addition, the 
success rate of angle surgery for more advanced or severe 
cases of childhood glaucoma is poorer [4]. For those refrac-
tory cases, other surgical options include filtration surgery, 
cyclodestructive procedures, or glaucoma drainage device 
(GDD) implantation. The stronger scarring response and a 
higher rate of endophthalmitis in children result in lower 
success rates of filtration surgery compared with adults [5, 
6]. The effect of the cyclodestructive procedure in children 
is also limited and sometimes causes phthisis and vision 
loss [7]. Although GDD implantation is effective in refrac-
tory childhood glaucoma [8] and has a higher success rate 
than trabeculectomy with mitomycin C [9], GDD-related 
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complications or several severe sight-threatening compli-
cations may occur over the course of a long lifetime [10]. 
The factors that are significant in surgical failure remain 
unclear. The postoperative fibrotic reaction, reported previ-
ously, might cause tube malposition [2, 8, 13] but the clinical 
relevance is unknown in the development of severe compli-
cations. This report is the first to describe the pathological 
analysis of a postoperative fibrotic reaction and the relation-
ship with a sight-threatening complication.

Materials and methods

This was a retrospective study of patients with refractory 
childhood glaucoma. We treated 15 eyes (10 cases) with 
Baerveldt glaucoma implant (BGI) surgery performed by 
one surgeon at the Department of Ophthalmology, the Uni-
versity of Osaka Hospital. We analyzed patients with child-
hood glaucoma who were younger than 20 years with a 
minimal follow-up period of 2 years after BGI surgery and 
a reliable ophthalmic examination. The guidelines of the 
World Glaucoma Association Consensus were the basis for 
glaucoma diagnoses [11]. The institutional review board 
of The University of Osaka Hospital approved this study 
(approval number 17330-4), which adhered to the tenets of 
the Declaration of Helsinki.

Surgical technique

One glaucoma specialist (KM) performed all surgery with 
all patients under general anesthesia as reported previously 
[12]. He performed a conjunctival peritomy and dissected 
the conjunctiva and Tenon’s capsule about 90 degrees at the 
site of the planned implantation of the model BG 101-250 
in 13 eyes or the model BG 101-350 in two eyes (Abbott 
Medical Optics). He implanted the shunts in the inferotem-
poral quadrant in eight patients and in the superotemporal 
quadrant in seven patients. The endplate was sutured to the 
sclera 10 mm posterior to the limbus. The tube was inserted 
into the anterior chamber in eight phakic eyes, into the sul-
cus using a 23-gauge needle in six aphakic eyes, and into the 
posterior chamber in one aphakic eye. The tube was com-
pletely ligated at a distance of 2 mm before the plate using 
an 8-0 Vicryl suture (Ethicon, Cincinnati) and two Sherwood 
slits were made into the tube. The tube was covered with 
a donor scleral patch. Finally, the conjunctiva was sutured 
closed. Intraoperatively, neither triamcinolone nor mitomy-
cin C was administered. Postoperatively, topical levofloxacin 
and betamethasone were started at a dosage of four times 
daily and gradually tapered, and treatment was continued for 
3 months to 2 years. In cases of hypotony, the frequency of 
topical betamethasone was increased to six times daily, and 
topical atropine was additionally prescribed.

Data collection

We collected data that included age, gender, ocular and 
systemic diagnoses, history of ocular surgery, and surgical 
details and complications. On the day of surgery, we per-
formed examinations with the patients under anesthesia that 
included measurements of the corneal diameter, intraocular 
pressure (IOP), and axial length using A-mode ocular biom-
etry, and intraocular examinations using B-mode ophthalmic 
ultrasonography, ultrasound biomicroscopy, and RetCam 3 
Ophthalmic Imaging System (Clarity Medical Systems). 
Postoperatively, the patients were examined on weeks 1, 
2, 4, and 6, and months 2, 3, 6, 12, and 24 after BGI sur-
gery. The IOP was measured if possible, at each visit using 
Goldmann applanation tonometry. Most IOP measurements 
were obtained using iCare (Vantaa) with the patients under 
sedation or Tonopen (Reichert, Depew) tonometers under 
general anesthesia. The visual acuity was determined using 
appropriate measures regarding age or development. At each 
visit, the patients underwent slit-lamp microscopy and fun-
dus examination, and B-mode ophthalmic ultrasonography 
if needed.

Pathological analysis

In three eyes that had anterior chamber inflammation after 
BGI surgery, we removed the fibrous membrane from around 
the tube or on the iris during other surgery and analyzed 
them using hematoxylin and eosin (H&E) staining.

Results

Patient characteristics and postoperative 
complications

Table 1 shows the patient characteristics. The study included 
15 eyes of 10 patients, of whom 9 (90.0%) were boys. The 
mean age at surgery was 6.8 ± 6.1 years. Secondary child-
hood glaucoma accounted for most cases (13 eyes, 86.7%), 
with retinopathy of prematurity being the most common 
underlying condition. All the patients had undergone multi-
ple prior ocular surgery, with a mean of 2.9 ± 1.1 procedures 
per eye. Conventional trabeculotomy was the most frequent 
previous surgery, followed by pars plana vitrectomy. The 
Baerveldt tube was inserted into the anterior chamber in 
most eyes, while sulcus and pars plana insertions were per-
formed in selected cases. The mean preoperative intraocu-
lar pressure was 31.7 ± 9.0 mmHg, and the mean preop-
erative glaucoma medication score was 5.7 ± 1.7. During 
the observation period, the postoperative complications 
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included vitreous hemorrhage (n=4, 26.7%), hyphema 
(n=4, 26.7%), choroidal detachment (n=3, 20.0%), partial 
tube obstruction due to fibrous membrane (n=1, 6.7%), need 
for additional IOP-lowering surgery (n=3, 20.0%), anterior 
chamber fibrotic reaction (n=9, 60.0%), and tractional retinal 
detachment (n=2, 13.3%) (Table 2). All patients with vit-
reous hemorrhages and hyphema recovered spontaneously. 
Only one with choroidal detachment required injection of an 
ophthalmic viscosurgical device and experienced prolonged 
hypotony lasting approximately 2 weeks, which subse-
quently resolved. The tube was partially obstructed by fibrin 
membrane in one patient 1 month after BGI surgery with 
sulcus tube insertion. Three eyes with anterior tube insertion 

required an additional IOP-lowering surgery, i.e., one more 
BGI surgery. Table 3 shows the characteristics of patients 
with postoperative fibrotic reaction. The fibrous membrane 
occurred in the anterior chamber from 1 week to 9 months 
after BGI surgery in five eyes with anterior tube insertion, 
three eyes with sulcus insertion, and one eye with posterior 
insertion. One aphakic patient with Marfan syndrome who 
had undergone surgery for vitreous hemorrhage developed 
prolonged postoperative hypotony and subsequently experi-
enced inoperable tractional retinal detachment at 6 months 
postoperatively (Case 7). Additionally, in the left eye of Case 
2, proliferative vitreoretinopathy (PVR) was identified intra-
operatively during cataract surgery performed approximately 
two years after the Baerveldt implantation.

Pathological analysis of postoperative fibrous 
membranes

Nine eyes (60%) had postoperative anterior chamber inflam-
mation with a fibrous membrane that developed from 1 to 36 
weeks after BGI surgery. We treated these eyes with steroid 
eyedrops, but the inflammation persisted. We removed the 
fibrous membrane around the tube or on the iris in three eyes 
during other surgery and analyzed them using H&E staining.

Case 1 was of the right eye of a 1-year-girl with second-
ary glaucoma resulting from retinopathy of prematurity. The 
fibrous membrane emerged around the tube inserted into the 
anterior chamber and on the iris 6 weeks postoperatively. 
The iris became atrophic, the pupil was positioned abnor-
mally in relation to the tube, and the cataract progressed. We 
removed the fibrous membrane on the iris, around the tip 
of the tube, and around the tube near the BGI plate during 
cataract surgery (Fig. 1a).

Case 2 was of both eyes of a 3-year-old boy with primary 
childhood glaucoma treated with three previous trabeculoto-
mies. The right eye had iris atrophy and a fibrous membrane 
on the iris and anterior capsule 6 months postoperatively 
(Fig. 2a); the left eye had posterior synechia, cataract, iris 

Table 1   Patient demographic data

Parameter No. (%)

Sex
 Men 9 (90.0)
 Women 1 (10.0)

Age at surgery (years) 6.8 ± 6.1
Type, number eyes
 Primary open-angle childhood glaucoma 2 (13.3)
 Secondary glaucoma 13 (86.7)
 Retinopathy of prematurity 5 (33.3)

 Marfan syndrome 2 (13.3)
 Stickler syndrome 2 (13.3)
 Sturge-Weber syndrome 1 (6.7)
 Craniosynostosis 1 (6.7)
 Post-cataract surgery 1 (6.7)
 Post-trauma 1 (6.7)
No. of previous ocular surgeries 2.9±1.1
 1 2 (13.3)
 2 3 (20.0)
 3 5 (33.3)
 4 5 (33.3)

Previous surgery
 Conventional trabeculotomy 12 (80.0)
 Trabeculectomy 4 (26.6)
 Pars plana vitrectomy 6 (39.9)
 Pars plana lensectomy 3 (20.0)
 Phacoemulsification 1 (6.7)
 Phacoemulsification and intraocular lens implantation 1 (6.7)
 Iridectomy 1 (6.7)
 Scleral buckle encircling 2 (13.3)
 Placement of a corneoscleral suture for trauma 1 (6.7)

Tubal insertion site
 Anterior chamber 10 (66.7)
 Sulcus 4 (26.7)
 Pars plana 1 (6.7)

IOP preoperatively (mmHg) 31.7 ± 9.0
Preoperative glaucoma medications score (points) 5.7 ± 1.7

Table 2   Postoperative complications of BGI surgery

Complication No. (%)

14 (93.3)
Hyphema 4 (26.7)
Vitreous hemorrhage 4 (26.7)
Choroidal detachment 3 (20.0)
Partial tube obstruction 1 (6.7)
Additional IOP-lowering surgery 3 (20.0)
Anterior chamber fibrotic reaction 9 (60.0)
Early (≦ 1 month) 3 (20.0)
Late (> 1 month) 6 (40.0)
Tractional retinal detachment 2 (13.3)
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atrophy, and a fibrous membrane around the tip of the tube 
4 months postoperatively (Fig. 3a). During cataract surgery, 
fibrous membranes were removed and analyzed in both eyes. 
In the left eye, PVR was identified intraoperatively, neces-
sitating additional pars plana vitrectomy. The pathological 
results showed that all tissues were eosinophilic fibrous scar 
tissues, including eosinophil granules and vacuoles, that did 
not have inflammatory or neoplastic lesions (Figs. 1b–e, 2b 
and c and 3b–e). These findings indicate that mature scar 
tissue rich in collagen and other proteins was secreted by 
fibroblasts.

Discussion

We generally perform surgery as the initial management 
of childhood glaucoma. Angle surgery, the gold standard, 
is often performed and is associated with a low compli-
cation rate. However, many varieties of secondary child-
hood glaucoma, such as Sturge-Weber syndrome, aphakia, 
aniridia, and retinopathy of prematurity, have lower suc-
cess rates of angle surgery and trabeculectomy because of 
strong scarring or sight-threatening postoperative compli-
cations [2]. For this reason, GDD implantation is a good 
alternative. The mean IOP and IOP-lowering medication 
score after BGI surgery significantly decreased, respec-
tively, from 31.7 ± 9.0 to 19.3 ± 8.2 mmHg and from 5.7 

± 1.7 to 1.2 ± 1.8 at 2 years (Online Resource 1). The 
success rates were 80.0% at 12 months and 60.0% at 24 
months based on definition 1, and 60.0% at 12 months 
and 53.3% at 24 months based on definition 2 (IOP ≧22 
mmHg [definition 1] or ≧17 mmHg [definition 2] with 
or without medication use at two consecutive follow-up 
visits) (Online Resource 2). These success rates are lower 
than in previous studies possibly because the current cases 
had a higher rate of secondary childhood glaucoma than 
in previous reports (86.7% vs. 47.9% [13], 36.4% [14], 
or 31.1% [15]). Another reason was that the number of 
previous ophthalmic surgical procedures in this study was 
higher than in previous reports (2.9 vs. 1.6 [13] or 1.0 
[14]). In another study that reported the outcomes of BGI 
surgery for refractory childhood glaucoma, the secondary 
glaucoma rate, 62.9%, and the previous number of surgi-
cal procedures, 1.7, showed that the success rates (IOP 
<22 mmHg, ≧5 mmHg with or without medication use) 
were similar (80% at 12 months and 67% at 24 months) 
[8]. Another study reports that the success rates (IOP <22 
mmHg, ≧5 mmHg with or without medication use) of a 
pars plana BGI surgery for refractory childhood glaucoma 
were 85% at 12 months and 81% at 24 months, i.e., the 
secondary glaucoma rate was 96.7%, the number of previ-
ous surgical procedures was 2.1, and the aphakic eye rate 
was 80% [16]. Taken together, our study shows that BGI 
surgery for refractory childhood glaucoma is effective.

Table 3   Characteristics of subjects with postoperative intraocular fibrotic reaction

ROP retinopathy of prematurity, PPV pars plana vitrectomy, LSV lens-sparing vitrectomy, TLOT conventional trabeculotomy, TSCPC transscle-
ral cyclophotocoagulation, TLEC trabeculectomy, RD retinal detachment, PEA phacoemulsification, PPL pars plana lensectomy; VO vitreous 
opacity, IOL intraocular lens, Avit anterior vitrectomy

Case Type of glaucoma Age (years) Previous glaucoma surgeries Weeks to 
intraocular fibrotic 
reaction

Site of tube insertion Postoperative inflammatory 
findings

1 ROP 1.4 PPVx2, LSV, TLOT 6 Anterior Pupil deviation
2 Primary 3.6 TLOTx3 24 Anterior Iris atrophy

Primary 3.6 TLOTx3 16 Anterior Synechia, cataract, iris atro-
phy, Proliferative vitreo-
retinopathy

3 Sturge-Weber 19.4 TLOTx3, TSCPC 8 Anterior Transient hypotony, Synechia
4 ROP 10.7 PPL, PPV, encircling 1 Sulcus VO, epiretinal fibrotic mem-

brane
ROP 10.7 PPL, PPV, encircling 1 Sulcus VO, epiretinal fibrotic mem-

brane
5 Crouzon 12.1 PEA+IOL+AvitTSCPCx2, 

TLOTx2
4 Sulcus Transient hypotony, Partial 

tube obstruction
6 ROP 3.2 Iridectomy, PEA 8 Posterior Vitreous cavity fibrotic 

membrane
7 Marfan 3.0 TLOT, TLEC 36 Anterior Transient hypotony, cataract

Marfan 3.0 TLOT, TLEC, PPV, PPL 24 Anterior Prolonged hypotony for 2 
weeks, Proliferative vitreo-
retinopathy
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In the current study, the rate of postoperative complica-
tions related to the aqueous shunt plate or the tube specific 
to GDD was similar to those reported previously [8, 15–17]. 
The rates of hyphema, vitreous hemorrhage, and choroidal 
detachment because of hypotony were higher than reported 
previously [8, 15–17], but all incidents were temporary. The 
severe complication in the current study was tractional reti-
nal detachment in two eyes (13.3%). Refractory glaucoma 
or pars plana tube insertion can cause vision-threatening 
complications [8, 16, 17]. We also show that the develop-
ment rate of fibrous membrane on the iris or around the tube 
was high after BGI surgery, without apparent postoperative 
strong anterior segment inflammation. Those fibrotic tissues 
were rich in proteins such as collagen secreted by fibroblasts 
and were neither inflammatory nor neoplastic in nature. The 
higher incidence of anterior chamber fibrotic complications 
observed in this study may reflect differences in patient 

characteristics, including a high prevalence of secondary 
glaucoma and multiple prior surgeries, as well as differences 
in how fibrotic reactions were recognized and reported in 
previous studies. Children have a robust healing response, 
which may lead to a higher rate of fibrosis and scarring [5]. 
This response can lead to the failure of filtering surgery in 
childhood glaucoma. The precise cause or mechanism of 
the strong healing response is unknown. In particular, the 
strong intraocular inflammation after GDD implant surgery 
in children has not been investigated until now. It is well 
known that fibrotic encapsulation around the plate causes 
GDD implant failure. Furthermore, fibrovascular ingrowth 
into the valve chamber of the AGV causes late AGV failure 
in children [18] and adults [19]. Trigler et al. hypothesize 
that the enhanced healing reaction in children compared with 
adults may explain the high prevalence of AGV fibrovascular 
ingrowth [18]. In pediatric glaucoma eyes after BGI surgery, 

Fig. 1   The right eye of a 
1-year-old girl who underwent 
Baerveldt glaucoma implant 
(BGI) surgery for secondary 
childhood glaucoma because 
of retinopathy of prematu-
rity. a The BGI plate is in the 
inferotemporal quadrant and the 
tube is inserted into the anterior 
chamber. A severe fibrous 
membrane developed after BGI 
surgery on the iris around the 
tube (dotted circle) and around 
the tube near the BGI plate 
(circle). b–e H&E staining of 
the removed fibrous membrane: 
b in the dotted circle; c in the 
circle; d high-magnification 
image in the dotted square; and 
e high-magnification image in 
the square. The arrows indicate 
the vacuoles and the arrowheads 
indicate the eosinophil granules. 
Scale bars, 50 µm in (b), (d), 
and (e); and 200 µm in (c)
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the frequencies of encapsulation, uveitis, tube occlusion or 
malposition, and retinal detachment are higher compared 
with adults [9, 13–15, 20]. Six of our nine cases with ante-
rior chamber fibrotic reaction occurred after postoperative 
week 6, coinciding with tube suture ligation release. These 
results may indicate that BGI, a non-valved device, has 
backward flow of fluid from the BGI plate into the eye, not 
just outflow from inside the eyeball to the tube, and inflam-
matory mediators in the intracapsular fluid around the BGI 
plate, which stimulate the fibroproliferative process flow 
into the eye. In particular, a severe fibrotic reaction may 
cause a sight-threatening complication, such as a tractional 
retinal detachment. We speculate that fibrotic proliferation 
extended from the anterior chamber into the vitreous cavity, 
generating traction that led to ciliary body detachment and 
the formation of retinal tear at the ora serrata, ultimately 
resulting in the development of PVR. However, the cellular 
and molecular differences between fibrotic tissue formed 
around the Baerveldt plate and intraocular fibrotic tissue 
remain unclear, and further histopathological or biochemi-
cal studies are required to clarify this mechanism.

In addition, postoperative hypotony may represent 
another potential contributor to postoperative inflammation 
and fibrotic responses. In the present study, postoperative 
intraocular pressure of ≤5 mmHg was observed in three 
of the nine cases with anterior chamber fibrotic reaction, 
although hypotony in these cases resolved within one week 
and was not prolonged. However, one patient experienced 
prolonged postoperative hypotony persisting for more than 
two weeks and later developed tractional retinal detachment. 
Although transient hypotony resolved within a short period 
in most cases, prolonged hypotony may further exacerbate 
postoperative inflammation, potentially promoting fibrotic 
reactions. Therefore, early recognition and management of 
hypotony are crucial to minimize postoperative inflamma-
tory and fibrotic complications. In our practice, early inten-
sification of anti-inflammatory therapy and the addition of 
atropine eye drops were implemented promptly when hypo-
tony was detected. In addition, selecting a valved glaucoma 
drainage device, such as the Ahmed glaucoma valve, may 
represent one possible strategy to reduce the risk of postop-
erative hypotony in selected cases.

On the other hand, Miyako et al. report that fibrous 
proliferative membrane in the anterior chamber after 
Ahmed glaucoma valve implantation occurred following 

micropulse ciliary photocoagulation in a pediatric glau-
coma patient. And they speculate that this reaction might 
be caused by the silicone tube of the Ahmed glaucoma 

Fig. 2   The right eye of a 3-year-old boy who underwent BGI surgery 
for primary childhood glaucoma. a The BGI plate is in the super-
otemporal quadrant and the tube is inserted into the anterior chamber. 
The dotted circle indicates the tissue around the tip of the tube. b, c 
H&E staining of the excised fibrous membrane: b in the dotted circle 
in (a); c high-magnification image in the dotted square in (b). Fibro-
blasts proliferated diffusely or in bundles, with little inflammatory 
cell infiltration. Scale bars, 200 µm in (b) and 50 µm in (c)

▸
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valve [21]. We do not yet know whether prolonged hypo-
tony, a foreign body reaction to materials, or specific 
wound healing in children causes the development of 
strong fibrous membranes, but this condition is similar to 
aniridia fibrosis syndrome [22], and we propose Pediatric 
Hyperreactive Anterior Segment Fibrosis (PHASF) as a 
novel designation to classify this condition. Thus, we show 
the need for follow-up and careful management of postop-
erative inflammation in the anterior and posterior ocular 
segments in patients with refractory childhood glaucoma 
after BGI surgery.

The current study has some limitations. First, this study 
was retrospective and the sample size was small. Second, the 
surgical technique varied depending on the case. Third, the 
findings of this study may not be generalizable to other glau-
coma implant devices with different designs or materials.

In conclusion, BGI surgery was effective in patients 
with refractory childhood glaucoma. However, clinicians 
should be alert to the potential for development of fibrotic 
ocular inflammation in refractory childhood glaucoma 
eyes.
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