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Introduction: Retinal focal nodular gliosis (FNG), also known as vasoproliferative tumors (VPTs), are rare, benign
vascular tumors associated with exudation with no current consensus on management. Herein, we describe the
varied clinical course and management of three patients with retinal focal nodular gliosis, one of whom is associated
with retinitis pigmentosa.

Case presentations: Case 1 is a 76-year-old female who presented with reduced vision and distortion secondary to a
vitreous hemorrhage and epiretinal membrane (ERM) as complications of a known small peripheral retinal focal
nodular gliosis. She underwent vitrectomy for the hemorrhage to relieve vascular traction and the ERM peel and the
tumor was kept under observation. Case 2 is a 24-year-old female with genetically uncharacterized retinitis
pigmentosa-like phenotype who presented with gradual loss of central vision in one eye due to cystoid macular
oedema (CMO). She was found to have two peripheral retinal areas of focal nodular gliosis located inferonasally.
Tumors were treated with cryotherapy and adjuvant intraocular steroid implant to control the CMO. Case 3 is a 28-
year-old female with retinitis pigmentosa secondary to genetically confirmed variant in CRB1 gene who presented
with intractable right eye cystoid macular oedema and localized inferior serous retinal detachment secondary to a
large inferotemporal focal nodular gliosis. Her left eye has no light perception vision due to previous extensive serous
retinal detachment and anterior segment ischemia. The right eye tumor was managed with multiple rounds of
cryotherapy and laser therapy to control the serous detachment. Despite this, the condition progressed and was
ultimately treated with plague brachytherapy. Unfortunately, this resulted in an extensive retinal inflammation
causing annular tractional retinal detachment which was treated with combined pars plana vitrectomy and scleral
buckle.

Conclusion: We characterized the retinal phenotype of three patients with retinal focal nodular gliosis
(vasoproliferative tumors) and found them to have varied clinical courses requiring tailored surgical management. The
case associated with retinitis pigmentosa had a known pathogenic variant in Crumbs homolog-1 (CRB1) gene affecting
retinal structure and exhibited a more severe clinical course. It is therefore important for patients with retinal
dystrophies to undergo thorough peripheral examinations and detect FNG early as they may require prompt,
aggressive treatment.

Introduction:

Retinal focal nodular gliosis or vasoproliferative tumors are rare, benign disease entities that may occur as an
idiopathic primary lesion (80%) or secondary tumors (in association with other ocular pathologies such as pars
planitis, Coats disease, retinitis pigmentosa, familial exudative vitreoretinopathy and toxoplasmosis) and are thought
to manifest as a result of gliosis and vascular proliferation [1,2]. They are usually characterized as pink to yellow
vascular lesions with a predilection for the inferior retina and can produce an exudative and hemorrhagic retinopathy
[3]. Secondary FNG tend to manifest at an earlier age of onset, are often bilateral and multifocal, and confer a poorer
visual prognosis [1]. Complications associated with retinal FNG are extensive and can result in severe vision loss.
These include lipid exudation, epiretinal membrane, cystoid macular oedema, vitreous hemorrhage, and tractional
retinal detachment [1,3]. No standardized treatment for FNG is currently established but management options include
photocoagulation, photodynamic therapy (PDT), cryotherapy, plaque radiotherapy, transscleral local resection [2].
Pars plana vitrectomy may be performed for complications associated with VPTs [4]. Herein, we describe the clinical
features and management of three cases of retinal focal nodular gliosis, one without and two with retinitis
pigmentosa phenotype. Each case needed tailored medical and surgical management, specific to their retinal
phenotype. In particular, we found that the case with genetically confirmed CRBI1-related retinopathy had the most
complex clinical course requiring aggressive management and multiple surgical interventions.

Case 1

A 76-year-old female was referred to the vitreoretinal service for a left epiretinal membrane (ERM) and vitreous
hemorrhage with visual acuity of OD 20/25 and OS 20/160. She had a background of a stable inferior focal nodular
gliosis (figure 1a) in the left eye and previously declined treatment with plaque radiotherapy. She was offered pars
plana vitrectomy with epiretinal membrane peeling due to worsening metamorphopsia from ERM formation (figure
1b) without associated cystoid macular oedema and was noted to have a quiescent FNG in the inferior peripheral
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retina. She underwent routine 25-gauge pars plana vitrectomy with epiretinal membrane and inner limiting
membrane (ILM) peel and was noted to have a regressed FNG lesion intraoperatively (figure 1c). She remained stable
6-months postoperatively with best corrected visual acuity (BCVA) improving to 20/60 and no recurrence of ERM
(figure 1d).

Case 2

A 24-year-old female was referred to our genetics service for management of unilateral chronic cystoid macular
oedema and an inferonasal retinal FNG. She had a known phenotypic resemblance of retinitis pigmentosa (RP) with
peripheral bony spicule changes but no causative mutation found on whole genome testing. Visual acuity was OD
20/40 and 0OS 20/125. Examination demonstrated unilateral CMO in the left eye associated with two inferonasal
peripheral retinal yellow-red lesions and localized exudation (figure 2a-d).

She underwent initial intravitreal dexamethasone implant (Ozurdex) for CMO and cryotherapy to the inferior VPT. 1
month post-operatively revealed good response to treatment with reduction of CMO and flat FNG lesions without
exudate, with vision improving to 20/60 (figure 2e-f). 6 months post-operatively, lesions remained stable though there
was evidence of mild recurrence of CMO with stable vision (figure 2g). The decision was made for conservative
management with observation due to concurrent pregnancy. Review at 9 months post-cryotherapy showed further
visual deterioration due to progressing cystoid macular oedema as well as peripheral exudation from the FNG.
Management options including verteporfin photodynamic therapy (PDT), cryotherapy, and intravitreal steroids were
offered. The patient proceeded with cryotherapy and intravitreal Ozurdex implant once she had given birth. A good
response to treatment was shown with complete resolution of CMO and regression of the FNG (figure 2h-i), which
was also confirmed on b-scan ultrasonography (figure 2j). BCVA remained at 20/60 due to the development of a small
posterior subcapsular cataract.

Case 3

A 28-year-old female is a case of recurrent chronic right eye CMO on a background of severe childhood onset retinal
dystrophy secondary to confirmed pathogenic homozygous variants in CRB1 and inferotemporal FNG lesion with
Coats’-type phenotype.

VA on presentation in 2014 was 20/80 OD with longstanding no light perception (NLP) vision OS from previous
extensive serous detachment and subsequent anterior segment ischemia / pupillary block glaucoma (figure 3).
Examination revealed a right localized inferior serous retinal detachment associated with an inferior vascular complex,
vitreous cells, and CMO (figure 4a-b). Left eye showed a phthisical eye due to chronic retinal detachment.

She exhibited initial good control of CMO with acetazolamide alone (250mg daily), with a waxing and waning disease
course of a 7-year period (from age 20 years old). In addition, she required periodic cryotherapy to the lesion and
barrier laser retinopexy to control her inferior serous retinal detachment.

However, 7 years after initial presentation, due to worsening CMO associated with increasing peripheral engorgement
and exudation and deteriorating vision to 20/100 in her right eye (figure 4c&e) medical therapy was escalated, and
she received increasing doses of acetazolamide to 250mg twice daily for four months. In addition, she received two
intravitreal anti-VEGF (bevacizumab 1.25mg/0.05mL) injections, 1 month apart. Despite this, the exudative
detachment progressed with subsequent visual decline to hand movements (HM) and her tumor thickness was
measured to be 3.7mm on b-scan ultrasonography. She was referred to our ocular oncology colleagues at this point
and management options were discussed. Due to concerns that further cryotherapy may instigate a massive exudative
response and PDT laser could potentially cause a tractional retinal detachment with tumor regression, she ultimately
underwent plaque radiotherapy with further intravitreal bevacizumab to the lesion. This stabilized her fundal
appearance (figure 4d), but concomitant post-radiation retinopathy and pan-ocular inflammation ensued with
worsening CMO (figure 4f). The inflammation was treated with a course of systemic oral prednisolone (60mg daily) for
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1 week, tapering by 10mg per week over 6 weeks, and topical dexamethasone 0.1% four times daily. The CMO
continued to have a protracted course but was eventually mitigated with addition of sub-tenon triamcinolone 4
months after plaque brachytherapy, with improvement in both subjective visual acuity and OCT appearance after 4
weeks post sub-tenon triamcinolone.

At 14 months post brachytherapy, she developed progressive annular tractional retinal detachment involving the
macula (figure 4g) in her right eye and was therefore offered further surgical intervention. A 25-gauge pars plana
vitrectomy was performed with segmentation of her tractional membranes, cryotherapy to the tumor and
endotamponade with sulfur hexafluoride (SF6). At routine 1-month post-operative review, she was found to have
retinal redetachment due to reopening of an entry site break and underwent further 25-gauge pars plana vitrectomy
with 276 circumferential scleral buckle and 240 encirclement, endolaser retinopexy, and 5000 centistoke silicone oil.
4-months post-vitrectomy (18-months post-brachytherapy), review showed successful retinal reattachment but
significant peri-ocular and intraocular inflammation which were treated with high doses of oral prednisolone. Whilst
the retina remained attached, she developed early and significant cataract and subsequently underwent
phacoemulsification and intraocular lens insertion combined with silicone oil removal. 6 months post-vitrectomy the
steroids were tapered off, there were no signs of clinical inflammation, and the retina was reattached with stable level
of chronic cystoid macular oedema and HM vision. The patient’s visual acuity and retinal appearance continued to be
stable 1 year post retinal detachment surgery and 2 years post brachytherapy at her most recent clinical review (figure
4h).

Discussion:

Our cases demonstrate the varied clinical course of retinal focal nodular gliosis (vasoproliferative tumors) and the
need for tailored management based on visually threatening characteristics. In particular, the case of focal nodular
gliosis secondary to CRB1-retinitis pigmentosa underwent a more complicated clinical course and required more
aggressive treatment. Although there is no genetically confirmed variant of RP in case 2, the retina also exhibits early
features of CRB1-related retinopathy, including retinal thickening and loss of lamination [5], so it is possible that this
patient could also carry unknown pathogenic variants in CRB1 gene.

Solitary primary retinal FNG as in case 1, tend to confer a better visual prognosis compared to secondary FNG (cases 2
and 3) with poor visual acuity of worse than 20/200 occurring in 15% compared to 28% in secondary tumors [1].
Epiretinal membranes remain a significant cause of visual loss in patients affected by FNG though the relationship
between these tumors and the vitreomacular interface remain unclear [1,4]. Moreover, secondary ERMs are
associated with worse visual outcomes and increased central macular thickness compared to idiopathic ERMs and
should be observed more closely [6]. Although spontaneous avulsion of retinal FNG with resolution of ERM has been
described [7], case 1 had persistent and progressive ERM despite involution of their FNG. This case demonstrated the
role of pars plana vitrectomy in managing complications of a FNG that is otherwise quiescent. The role of ILM removal
in addition to ERM removal remains uncertain in VPT-related ERMs but we found that peeling of both layers in this
patient to be effective, without evidence of recurrence at 6 months post-operative review.

Retinitis pigmentosa (RP) accounts for up to 22% of eyes affected by secondary focal nodular gliosis and may even
occur as the initial presentation of RP [1,8]. Whilst rare, exudative vasculopathies have been reported in association
with RP and can manifest on a spectrum from retinal telangiectasias to focal nodular gliosis (vasoproliferative tumors)
- the latter of which were demonstrated in cases 2 and 3 [9,10]. Both cases demonstrated a prolonged disease course
with partial clinical regression of vasculopathy and exudation following laser photocoagulation and cryotherapy. Case
3 with CRB1 variant exhibited a particularly aggressive retinal disease phenotype resulting in early loss of vision in the
left eye due to neovascular glaucoma from chronic retinal detachment. Similarly, a combination of CRB1-retinopathy
and VPTs led to a protracted disease course in the right eye, ultimately requiring radiotherapy treatment to VPTs. For
this patient this unfortunately evoked a persistent uveitic response and more aggressive recurrence of tractional and
serous peripheral retinal detachments which soon became macula threatening and required complex repair by
surgical procedures via pars plana vitrectomy and tamponading with oil and encircling band. This aggressive
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inflammatory response is likely to be linked to the underlying CRB1 variants which can be associated with chronic
inflammation [11,12].

CRB1 gene encodes for a transmembrane protein that functions as cell polarity regulators and has a role in long-term
retinal integrity, with mutations disrupting the spatiotemporal aspects of retinogenesis and resulting in retinal
degeneration. In addition there are typical structural retinal changes including increased retinal thickness, loss of
lamination and photoreceptor degeneration [5,11]. Pathogenic variants in CRB1 account for up to 6.5% of patients
with autosomal recessive RP and are implicated in the cause of a Coats-like manifestation of RP, as in case 3 [10].
Moreover, CRB1 variants themselves have a predilection for CMO [11]. The protracted nature of the CMO in cases 2
and 3 implies that the cause of the macular oedema was due to the concurrent vasoproliferative tumor, but the
underlying CRB1 variation in case 3 is likely to have a predisposition for ocular inflammation and macular oedema and
more likely to be refractory to simple management. A thorough peripheral search for these lesions should thus be
performed in such presentations of unilateral CMO.

Despite notable advances in managing focal nodular gliosis (vasoproliferative tumors), secondary VPTs are known to
confer a poorer prognosis [1] and remain a clinical challenge as there is still no consensus on management. Vision loss
occurs owing to hemorrhagic and exudative sequelae as well as macular complications (epiretinal membrane
formation, exudation and cystoid macular oedema) with end-stage disease culminating in neovascular glaucoma
[1,13]. Peripheral small tumors with minimal exudation, as in case 1 and 2, can be effectively treated with laser
therapy or cautious application of cryotherapy [13] with adjunctive pars plana vitrectomy for macular complications of
epiretinal membrane. Larger FNG (>2mm) may be amenable to plaque radiotherapy (ruthenium or iodine'?%) with
several large case series showing regression of tumor size and exudation [2,14]. However, it is important to note that
secondary FNG have been associated with poorer visual outcomes than primary FNG irrespective of tumor size when
treated with I-125 plaque brachytherapy and therefore may explain the poor response for case 3, whose underlying
CRB1 mutation may have provided an impetus for ongoing exudation and retinal thickening refractory to treatment.
PDT laser could be considered for these patients, although extensive exudation is more likely to be treatment resistant
[13,14]. Therefore, early aggressive treatment for patients with FNG secondary to retinal dystrophies, particularly
CRB1 mutation, is recommended.

Conclusion:

There is currently no consensus on the management of focal nodular gliosis (vasoproliferative tumors), which may be
seen in patients with retinitis pigmentosa and can result in significant vision loss. The cases presented reiterate the
need for a tailored management paradigm according to patient factors. More severe presentations may occur with
FNG associated with inherited retinal dystrophies. In our series, FNG in the presence of CRB1-associated retinopathy
led to a complicated clinical course with poor visual outcome.
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Figures

Figure 1: Phenotype and clinical management of case 1. (a) Inferotemporal solitary retinal focal nodular gliosis /
vasoproliferative tumor (denoted by black arrow) in the left fundus on presentation with unilateral epiretinal
membrane secondary to the VPT shown in (b). (c) Quiescent inferior focal nodular gliosis after routine epiretinal
membrane peel (d) with resolution of symptomes.

Figure 2: Background of RP-like phenotype and clinical management of case 2. (a)-(d) Presentation of unilateral CMO
associated with inferior focal nodular gliosis OS (denoted by red arrows) on background of bilateral RP-like phenotype.
(e)-(f) Attenuation of CMO 1 month post cryotherapy and dexamethasone intravitreal implant (Ozurdex). (g)
Recurrence of CMO during pregnancy — no further treatment given during this period. (h)-(i) Resolution of CMO 3
months post cryotherapy and intravitreal Ozurdex after the patient had given birth, confirmed on ultrasonography (j).
Figure 3: Timeline of clinical presentation and management of case 3.
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Figure 4: Phenotype and clinical management of case 3. (a) — (b) Presenting phenotype with right inferotemporal
focal nodular gliosis associated with cystoid macular oedema. (c) & (e) Plaque radiotherapy was offered due to
increasing peripheral engorgement and exudation from the FNG, associated with worsening CMO, 7 years post initial
presentation. (d) & (f) Attenuated appearance of FNG lesion 2 months after plaque brachytherapy with persistent
CMO due to concomitant post-radiation inflammation. (g) Development of progressive annular tractional retinal
detachment with increasing macular oedema 14 months after brachytherapy. (h) Stable retinal appearance with
improved appearance of chronic CMO 12 months after undergoing vitrectomy and scleral buckle with removal of
silicone oil and 24 months post brachytherapy.
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2014

Patient presented at age 20 years old with Coats-like phenotype on a
known background of RP due to homozygous variants in CRB1.
VA 20/80 OD and NLP OS from phthisis secondary to chronic RD

2015-2020

Presented with right localized inferior serous RD associated with
inferior FNG. Waxing and waning course of CMO controlled by oral
acetazolamide supplemented by periodic cryotherapy to the FNG.
Barrier laser retinopexy given to control inferior RD.

December, 2020

Worsening VA to 20/100 OD due to increasing CMO and peripheral
exudative RD. Intravitreal bevacizumab administered, monthly, for 2
months with initial improvement in CMO.

March, 2021

Stable CMO but enlarging peripheral exudative RD and deterioration
in subjective VA despite bevacizumab. Referral made to ocular
oncology colleagues.

April, 2021

Underwent plaque brachytherapy with further intravitreal
bevacizumab.

August, 2021

Presented with 1 month of worsening vision to LP and eye pain since
undergoing plaque brachytherapy. Clinical picture consistent with
post-radiation inflammation/retinopathy with moderate anterior
segment inflammation and worsening CMO. Oral prednisolone and
topical dexamethasone commenced.

October, 2021

Post-radiation inflammation/retinopathy unchanged. Subtenon
triamcinolone administered and oral prednisolone regimen tapered.
Subjective improvement in vision and symptoms 2 weeks after
periorbital steroids.

December, 2021
Good response to treatment. Improved pan-ocular inflammation and
improvement of CMO.

July, 2022

Development of combined tractional/exudative retinal detachment with
early cataract development.

October, 2022

Progression of retinal detachment requiring surgical intervention.
Underwent pars plana vitrectomy and segmentation of tractional
membranes with SF6 endotamponade. Developed redetachment 1
month after surgery, requiring futher PPV and scleral buckle with
silicone oil endotamponade.

February, 2023

Stable retinal appearance with attached retina under oil and good
indentation from scleral buckle but reduced subjective vision due to
worsening cataract.

March, 2023

Underwent routine cataract surgery (phacoemulsiification and
intraocular lens implant) with combined removal of silicone oil.
January, 2024

Stable retinal appearance with attached retina and good indentation
from scleral buckle with hand movements vision.
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