Mastering the art of Slowing Glaucoma Progression
Title: Don’t go with the flow, be the flow : Navigating Pressure Reduction and Progression in
Uveitic Glaucoma

Introduction

Glaucoma in children remains one of the most daunting challenges in ophthalmology. Unlike
adult-onset disease, where management algorithms are well established, paediatric
glaucoma often develops in the context of complex ocular or systemic conditions and risks
causing irreversible visual loss during crucial years of development(1). Among secondary
causes, uveitis is particularly difficult to manage. Inflammation, corticosteroid treatment,
variable aqueous production and surgical healing responses all interact unpredictably, and
the clinician's goal is less about ‘curing’ the disease and achieving ‘complete success’ than
mastering the delicate art of slowing its progression(2). This requires a willingness to accept
partial victories, to prioritise preservation of function over perfect numerical outcomes, and to
adapt therapy to each child's unique needs.

The pathophysiology of pressure elevation in eyes with uveitis is complex and multifactorial.
Inflammatory cells, proteins, and debris obstruct the trabecular meshwork, while repeated
episodes of anterior segment inflammation can lead to the formation of peripheral anterior
synechiae and progressive angle closure(3). Additionally, corticosteroid therapy, although
essential for controlling inflammation, causes a well-known steroid response that further
impairs aqueous outflow (4). This results in a dynamic, often unstable pressure profile that
can be challenging to interpret and manage. Secondary glaucoma in paediatric uveitis is
complicated, as this population presents its own challenges: tonometry can be challenging
and less reliable, compliance with eye drops is inconsistent, and their conjunctival and
scleral tissues can exhibit a more aggressive healing response than those of adults.
Standard medical therapy is often inadequate, especially when systemic
immunosuppressive regimens require the concurrent use of oral and topical corticosteroids.
It is thus essential for a clinician to develop a management plan centred around controlling
inflammation while minimising or adapting to any steroid response, lowering intraocular
pressure, and safeguarding the optic nerve without compromising its blood supply. Every
medication adjustment, suture manipulation, and decision to inject or taper is part of a
delicate process aimed at slowing glaucoma progression rather than complete |IOP
normalisation with adjunctive treatments and modifications to surgical technique playing a
crucial role in this balancing act.

We present a case of a child with multifocal choroiditis and chronic anterior uveitis and very
swollen optic nerves, that developed uncontrolled, steroid-responsive secondary glaucoma.
It highlights the broader principle that in high-risk scenarios, successful management is not
defined solely by the rapid achievement of target pressures, but by the capacity to slow
disease progression in a measured and sustainable manner, thereby safeguarding long-term
visual outcomes.

Case Presentation

A 14-year-old boy first presented to the emergency eye service with bilateral blurred vision
and ocular discomfort. His medical history included asthma and osteochondroma. A few
months earlier, he had recovered from scarlet fever and was treated with oral antibiotics. He
now showed signs of anterior uveitis in both eyes. At presentation, his visual acuity was 0.00
logMAR in each eye, with bilateral inflammation in the anterior chamber (2+ Cells), but no
posterior synechiae or vitreous involvement; intraocular pressures (IOP) were normal (Right
Eye (RE):16mmHg Left Eye(LE):18mmHg). He was started on topical dexamethasone
without systemic steroids and was referred to paediatric services for ongoing follow up.



Over the following weeks, the patient experienced recurrent episodes of redness and blurred
vision as attempts were made to taper topical steroids. Unfortunately, during this period, he
idly deteriorated, developing vitreous invemet and a pan-uveitis (Figure 1).

Figure 1: Widefield fundus photographs showing bilateral panuveitis with diffuse retinal infiltrates and vascular sheathing

Early systemic tests included a normal chest X-ray. Blood tests revealed normal full blood
count (FBC), urea & electrolytes (U&E’s),c-reactive protein (CRP), and bone profile, with
alkaline phosphatase at 392, ACE at 89.2, and negative results for syphilis, HIV, toxoplasma,
and Quantiferon for Tuberculosis (TB). Additionally, ANA, ANCA, HLA-B27, Bartonella, and
anti-streptolysin titres were also negative. Paediatric rheumatology was consulted to rule out
systemic causes of ocular inflammation. Given the rapid progression of disease, further
imaging was requested. Fluorescein and indocyanine green angiography revealed multifocal
choroiditis with whitish choroidal lesions and now swollen optic nerves (Figure 2).

Figure 2: Fluorescein angiography showing bilateral optic disc leakage and peripheral vascular leakage consistent with active
panuveitis

At this point, 4 weeks after initial presentation, urgent oral prednisolone (40 mg daily,
tapering regimen) was initiated with omeprazole (20mg od) for gastric protection. However,
despite these new findings, intraocular pressures remained within normal limits.

By Week 6, systemic immunomodulation was considered necessary. Mycophenolate mofetil
was introduced at 500 mg bd and escalated to 1 g bd, while oral prednisolone was gradually
tapered to 10 mg. Adalimumab was also commenced, initially weekly for four doses and then
transitioned to fortnightly. Despite this, inflammation persisted, and the patient began to
complain of alopecia, leading to further paediatric dermatology review. Approximately 2
months after his initial presentation, topical dorzolamide was added to his treatment
regimen, as a marginal elevation in his intraocular pressure was noted(RE 24mmHg, LE
26mmHg), although adherence to this was inconsistent. On subsequent clinical reviews,
Optical Coherence Tomography (OCT) imaging revealed no cystoid macular oedema but
progressive choroidal thickening, followed by the eventual development of a left peripapillary
choroidal neovascular membrane (CNVM)(Figure 3&4)This was treated with intravitreal anti-



VEGF injections, initially bevacizumab and later aflibercept, which temporarily reduced
subretinal fluid but required repeat treatment for recurrence.
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Figure 4: Widefield fundus photographs showing bilateral panuveitis with an active peripapillary choroidal neovascular
membrane adjacent to the left optic nerve

By around Month 4, IOPs increased sharply into the high 40s and 50s in both eyes, despite
maximal tolerated medical therapy (latanoprost nocte, brinzolamide/timolol BD,
apraclonidine TDS, dexamethasone QDS, and oral acetazolamide 250 mg BD (later
increased to four times daily). Visual acuity was maintained in both eyes, between 0.00-0.06
logMAR, but there were periods of visual obscurations most likely related to very high
intraocular pressure, potentially threatening sudden visual loss. Additionally, there was
continued optic disc swelling with indistinct nasal margins, making interpretation difficult and
raising concerns that rapid pressure reduction might trigger acute ischemic optic nerve
injury. The patient was urgently referred to the paediatric glaucoma service, where prompt
assessment confirmed bilateral secondary severely raised intraocular pressure due to
chronic uveitis and possible steroid response. OCT scans revealed ongoing disc swelling,
but the neural tissue architecture remained preserved (Figure 5).

Figure 5: OCT of the optic nerve head showing peripapillary retinal nerve fibre layer thickening (Disc odeoma) and choroidal
elevation corresponding to an active peripapillary choroidal neovascular membrane in the left eye

Given the patient’s uncontrolled high IOP despite maximal medical therapy, urgent surgical
intervention was deemed necessary. However, rapid lowering of IOP carries even greater
risks in patients with swollen discs, as differential pressures in the eye (low) and swollen



optic nerves (higher) can lead to severe loss of vision. We have previously described a case
where very low pressures with swollen discs lost vision from 6/6 to PL bilaterally, only
rescued by bringing up pressure in the eye and reducing CSF pressure (5). In inflammatory
optic nerve head swelling, reduced oxygenation has been noted (6-10). Due to the patient’s
background, procedures like trabeculectomy or trabeculotomy were considered high risk for
scarring failure and also required very fine control of aqueous flow, making a highly modified
aqueous shunt the preferred option. Traditional methods would pose significant risks of
visual damage following surgery because of bilateral disease involvement, age, aetiology,
recurrent anti-VEGF injections and the need to modify systemic medications, all of which
could affect intraocular pressure.

Therefore, a customised, patient-specific approach was created. The patient underwent a
tailored aqueous shunt procedure, involving a SIBS microshunt (poly[styrene-block-
isobutylene-block-styrene]) implant connected to a Baerveldt tube with a 10-0 intraluminal
stent suture and covered with a cornea patch graft (Figure 6). The design of the microshunt
component, including the material (SIBS, which is maximally biocompatible and resists fibrin
and cell deposition in the anterior chamber compared to silicone), micro-diameter (70
microns, minimising hypotony—particularly with uveitic hyposecretion—and an “opening
pressure” of at least 5SmmHg even without a stent, higher with a stent, even with intensive
anti-scarring treatment using the Baerveldt plate to prevent inflamed conjunctiva scarring
and adhering to the sclera), facilitates a controlled, gradual reduction in IOP to prevent rapid
drops that could cause acute ischaemic optic atrophy in cases of swollen discs.

Baerveldt
plate

10-0 Nylon
releasable stent
SUtireIncornes Figure 6: Graphical representation of modified aqueous shunt
with releasable buried stent suture in cornea, allowing IOP
titration.

SIBS Microshunt

Additional anti-fibrotic treatments, including mitomycin-C, beta-radiation (impairing fibroblast
cell division and activity) and intraoperative intravitreal bevacizumab,(to reduce vascular
dilatation and leakage caused by VEGF of scarring stimulatory cytokines), were used to
minimise scarring risks, considering the patient’s young age and severe inflammation(11-15).
The first surgery took place 6 months after his initial presentation, followed a week later by
the same procedure on the fellow eye. Anti-glaucoma drops and oral acetazolamide (250 mg
twice daily) were initially maintained and tapered gradually as the IOP stabilised. After the
second procedure, IOPs in both eyes were now reduced to a safe level (RE 25mmHg, LE
23mmHg) with no more visual obscurations and without the need for oral acetazolamide.

During postoperative follow-up, the team focused on minimising further optic nerve damage
while preventing hypotony. The SIBS microshunt—Baerveldt device with a 10-0 intraluminal
stent provided intrinsic resistance to outflow, thereby reducing the risk of overfiltration.
According to the Poiseuille-Hagen equation (AP = 8nLQ / 1ir*), even a small reduction in
luminal radius markedly increases flow resistance; a 4mm 10-0 nylon stent is estimated to
add approximately 5—10 mmHg of resistance, depending on aqueous viscosity and flow



rate(16, 17). This controlled decompression helped preserve optic nerve perfusion and
prevent ischaemic injury.

The device also enabled the safe, earlier removal of the stent suture, completed in both eyes
at Week 7 post-op, when IOPs rose slowly to RE 35 mmHg and LE 33 mmHg, probably
associated with increasing conjunctival resistance. After sequential suture removal, IOPS
gradually decreased to RE 22 mmHg and LE 21 mmHg, respectively, with a gradual
improvement in optic disc swelling documented (Figure 7).
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Figurem'i: Follow-up OCT showing reduction in disc swelling and impf&ement in peripapillary choroidal thickening

During the perioperative period, intravitreal anti-VEGF, systemic prednisolone and topical
dexamethasone were required to control uveitis, all contributing to elevated IOPs. As
systemic immunosuppression with mycophenolate and adalimumab became more
established, oral and topical steroids were tapered, with a natural reduction in IOP expected.
Even after drainage surgery, steroids can raise intraocular pressure as steroids induce the
production of abnormal molecules which can line and block the transconjunctival flow(18,
19). Post-operatively, this taper reduced the steroid-induced IOP elevation and, in
combination with the safety buffer of SIBS implant intrinsic resistance, allowed earlier stent
removal than would be typical in conventional shunt surgery. This dual strategy-maintained
control of inflammation while allowing better pressure management.

On follow-up 4 months postoperatively, IOPs remained stable in the high teens
(RE18mmHg, LE 20 mmHg) on topical therapy alone. Visual acuity was preserved (RE 0.00,
LE 0.14 logMAR), and he no longer experienced obscurations; he had, however, developed
additional CNVMs in both eyes requiring regular anti-VEGF therapy (Figure 8).

Figure 8: Widefield fundus photographs showing persistent active lesions at the right optic disc and a new perimacular
choroidal neovascular membrane in the left eye, with overall reduction in peripheral inflammatory infiltrates and evolving
chorioretinal atrophy

The optic discs, though showing mild areas of peri-papillary atrophy, no longer demonstrated
active swelling, and the tubes remained well-positioned without exposure. (Thick corneas
(CCT 654-678 um) likely contributed to some overestimation of IOP, providing further
reassurance that true pressures were within normal limits.) Visual fields were completed,



which showed marginally enlarged blind spots and a mild paracentral defect, consistent with
areas of treated peripapillary and macular CNVM (Figure 9).
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Figure 9: Humphrey visual field (24-2) demonstrating preserved central sensitivity in the right eye and a mild paracentral defect
in the left eye corresponding to the area of peripapillary choroidal neovascularisation

By Month 9, the anterior chambers remained quiet; CNVMs were well-controlled with anti-
VEGEF therapy, and IOPs consistently remained within target levels without requiring oral
acetazolamide, along with a significant reduction in drop burden (Figure 10). The staged
approach using the modified SIBS implant—Baerveldt device, combined with careful steroid
tapering, immunosuppression, and anti-scarring agents, prevented hypotony and acute
ischaemic optic atrophy while maintaining long-term pressure control and preserving long-
term vision.

Figure 10: Widefield fundus photographs showing regression of active inflammatory lesions in both eyes with residual
chorioretinal scarring and resolution of optic discs swelling and macular activity

Discussion

The course of this case highlights the therapeutic challenges faced in paediatric uveitic
glaucoma. The control of intraocular inflammation demanded prolonged corticosteroid use;
however, this same therapy led to recurrent, extreme elevations in intraocular pressure.
Even with systemic immunomodulation, tapering of steroids was difficult, and repeated
spikes in IOP occurred despite intensive medical therapy. These challenges were
compounded by the presence of optic disc swelling and the requirement of repeated
intravitreal injections, which transformed the clinical picture; the disease process itself and
the very agents used to treat it both threatened irreversible optic nerve damage.



The frequency of this problem is well described. Up to one in four children with uveitis
develops secondary glaucoma. Although these patients initially respond well to topical
therapy, over 60% ultimately require surgical intervention. While reported surgical success
rates range from 50-80% at one year, multiple procedures are frequently necessary and
long-term failure remains common(20-23). Surgical intervention, while often necessary,
should be viewed as a process involving ongoing adjustments rather than a one-time cure.

The choice of surgical procedure in this setting is complex. Trabeculectomy, although
historically considered in paediatric cases, is notoriously challenging in uveitic eyes(24).
Aggressive fibrosis, high rates of bleb-related complications, and poor long-term durability
are well described (25). Angle-based procedures such as goniotomy or trabeculotomy, while
effective in some childhood glaucomas, are similarly undermined by the inflammatory
damage to the trabecular meshwork(26, 27). Cyclodestructive techniques provide only
partial or temporary benefit and risk hypotony and phthisis, outcomes particularly
devastating in the developing eye(28, 29). For these reasons, aqueous shunt devices, such
as the Ahmed and Baerveldt tubes, have long been the primary surgical procedure in
secondary paediatric disease (23, 30, 31). Nonetheless, complications are frequent,
including encapsulation, hypotony, and a significant need for re-intervention (32).

The challenge is magnified in the presence of swollen optic discs. In such cases, rapid
lowering of IOP, while superficially attractive, carries the risk of acute ischemic optic atrophy
(33-35). The sudden decompression of an already compromised disc can interrupt
perfusion, leading to irreversible optic nerve injury, a phenomenon that has been reported in
cases with acute angle closure and high altitudes(7, 9, 35, 36). The skill lies not in achieving
the lowest possible pressure but in pacing its reduction, allowing circulation to stabilise while
still arresting glaucomatous damage. In this case, the instinct to lower pressure was
tempered by the knowledge that too rapid a reduction would carry equal, if not greater, risk.
This must be balanced against the natural reduction expected once the steroid use is
reduced. Surgical strategy, therefore, must be carefully planned.

Recent literature indicates increasing interest in devices that allow for more precise control
of aqueous outflow(37, 38). The SIBS implant features a standardised lumen and inherent
resistance, which reduces the risk of over filtration and hypotony(39, 40). Conversely, the
Baerveldt implant offers a large surface area plate and has demonstrated long-term
success, especially in eyes prone to aggressive scarring(41). On their own, each device has
limitations in the paediatric uveitic setting. However, combining them leverages their
complementary strengths. Attaching a SIBS implant to a Baerveldt tube introduces
resistance into the system, while the large plate ensures long-lasting capacity. Additionally,
intraluminal 10-0 nylon stent sutures provide an extra safeguard, enabling staged flow
release and gradual decompression of the optic nerve.

The outcome in this patient reflects the advantages of this unique modification. Immediate
postoperative pressures were intentionally held in the mid-20s, allowing the optic discs to
recover from swelling without risking ischaemic insult. Sequential removal of intraluminal
stents enabled a gradual reduction first into the low 20s, then the high teens, with no
episodes of hypotony, whilst the steroids could be tapered. This measured approach allowed
meaningful pressure control while protecting against both progression and sudden optic
nerve compromise. Adjunctive measures also played an important role. Anti-fibrotic agents
such as mitomycin-C and intraoperative bevacizumab were employed to reduce scarring,
and beta-radiation was used as an additional anti-scarring strategy(42-44). Studies have
demonstrated that beta radiation offers a sustained and selective inhibition of
subconjunctival fibroblast proliferation, a process central to the failure of glaucoma surgery
in children(45, 46). Single-application anti-metabolites such as mitomycin-C or 5-FU, which
deliver their effect acutely but fade as healing continues, beta radiation exerts a potentially



even more effective longer-lasting suppression of fibroblastic activity as shown in a recent
South African randomised trial(47). This is especially advantageous in children, whose
conjunctival and scleral tissues often mount a more aggressive and prolonged healing
response than adults. Beta radiation not only prolongs bleb survival but also reduces the risk
of exuberant encapsulation, providing a protective effect that extends well beyond the
immediate postoperative period and is safe in the dose of 10Gy(44, 46). In combination with
anti-metabolites, its use therefore represents a layered defence against scarring, tailored to
the unique biology of the paediatric eye.

Another significant aspect was the necessity for repeated intravitreal anti-VEGF therapy to
manage recurrent choroidal neovascular membranes. Repeated injections are well
recognised to cause transient IOP spikes and, in some patients, sustained elevations(48,
49). Acute spikes exceeding 30 mmHg immediately after injection are well documented, and
while often transient, cumulative exposure has been linked to trabecular damage and
chronic open-angle glaucoma(50). For this patient, the presence of functioning aqueous
shunts likely provided an additional protective effect, buffering against both acute spikes and
chronic injection-related pressure rise. This element is particularly relevant in children
requiring prolonged anti-VEGF therapy, where the optic nerve already faces compounded
risks.

Conclusion

This case highlights the reality of paediatric uveitic glaucoma as a long, staged process
rather than a single definitive event. The use of a modified SIBS implant—Baerveldt device
allowed intraocular pressure to be reduced gradually, avoiding the risks of hypotony and
ischaemic optic atrophy while still protecting the optic nerve from further glaucomatous
damage. Adjunctive measures, including anti-fibrotic treatment and systemic
immunosuppression, were vital in maintaining long-term stability. The patient’s course
reinforces the principle that in complex paediatric disease, the goal is not immediate
normalisation of pressure, but the careful slowing of progression to preserve functional
vision for the rest of their childhood well into adult life.
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