Neovascular Glaucoma
Definition: Neovascular glaucoma(NVG), is a type of secondary glaucoma which results due to growth of new blood vessels on the iris and the anterior chamber angle.It is one of the most intractable types of secondary glaucoma, and if not recognized and managed early, can rapidly lead to vision loss.

Synonyms: Rubeotic Glaucoma, Hemorrhagic Glaucoma, Thrombotic Glaucoma

NVG preferred term

Rubeosis Iridis: New vessel formation on the iris

Pathogenesis:

In 97% of cases the cause for the development of new blood vessels in the anterior segment, is underlying retinal ischemia.  Only in 3% of cases, other causes like chronic anterior segment inflammation, can contribute to the new vessel development.

Ischemia 

Release of angiogenesis factors ( PRE RUBEOSIS STAGE)

( FGF, VEGF, angiogenin, TGF, interferon, tumor necrosis factor-a, and platelet derived growth factor)


New blood vessels on the iris and angle ( RUBEOSIS IRIDIS/PRE GLAUCOMA STAGE)


open angle but occlusion of aqueous outflow( NVG-OAG)


fibrosis with NV, closed angle, Ectropion uveae( NVG-ACG)

Underlying retinal causes for NVG:
Vascular disorders

Central retinal vein occlusion*

Diabetic retinopathy

Central retinal artery occlusion

Branch retinal vein occlusion

Carotid occlusive disease

Ocular disease

Uveitis

Retinal detachment

Persistent hyperplastic vitreous

Surgery and radiation therapy

Retinal detachment surgery

Vitrectomy

Radiation

Trauma

Neoplastic diseases

Retinoblastoma*

Melanoma of the choroid

Diabetic retinopathy: one third of patients with NVI have Diabetic retinopathy. More common in aphakic eyes, and pseduophakic eye with posterior capsule opening.

Central Retinal Vein Occlusion: The most common cause for NVI.The overall incidence of NVI in all CRVO cases is 12% to 30%. NVI also more commonly occurs in the ischemic type of CRVO.  One thirds of CRVO cases are ischemic, and of them two thirds develop NVG. NVG usually develops after three months of the vein occlusion.

Ocular ischemic syndrome (OIS) encompasses the ocular signs and symptoms that result from chronic vascular insufficiency. Severe atherosclerotic disease of unilateral or bilateral internal carotid arteries, or, at the bifurcation of the common carotid arteries, results in OIS. 5% of severe carotid artery stenosis cases present with OIS.

Clinical findings:

Symptoms:  In the early stages of NVG, where NVI and or NVA are present but IOP is not raised, the patient does not have any symptoms. Once the IOP is increased, symptoms attributable to the raised IOP, and its sequelae are seen. The patient may have pain, and redness in the involved eye, accompanied by a decrease in vision. Corneal epithelial and stromal edema if present can give rise to photophobia and watering, in the affected eye.

Signs: Undilated anterior segment examination under high magnification can help detect fine NVI at the pupillary border. This should be compulsorily done in all cases of CRVO, PDR, and when other systemic or ocular diseases which can cause NVI are present.

Gonioscopy in the affected eye in crvo  can reveal presence of NVA.Gonioscopy should also be done in all cases of PDR, to detect fine NVA if present. NVA can be distinguished from normal angle vessels by the fact that these are fine and cross the Trabecular meshwork, unlike normal angle vessels which do not cross the scleral spur.

In advanced cases, synechial closure of the angle, may be present, with none of the angle structures being seen.

Ectropion uveae may be seen as a result of the contraction of the fibro vascular membrane , which pulls the iris pigment epithelium, anteriorly. 

Pupillary reaction may be sluggish and a RAPD may be seen in eye with coexistent retinal pathology, or if extensive glaucomatous disc damage has occurred.

Dilated retinal exam in all cases with NVI/NVA is mandatory as the underlying cause can be detected, in most cases by fundus examination.

In advanced stages of NVG, IOP is raised, and secondary to the raised IOP, one may see corneal stromal, and epithelial edema. Visual acuity is grossly reduced. 

Anterior segment flare may be present, because of the compromised blood ocular barrier, due to the presence of NVI. 

Pupil is fixed in the mid dilated position, with Ectropion uveae, and does not react to light. 

Hyphaema may also be seen due to bleeding into the Anterior chamber due to the NVI.

Investigations:

      - Fundus fluorescein angiogram- to assess retinal ischaemia

     -  Electroretinogram – to assess for retinal ischemia. The electroretinogram measures a mass electrical response of the retina, allowing for assessment of the retinal periphery, which cannot be seen with fluorescein angiography.

     -  Iris angiography- in cases of doubtful NVI, to confirm the diagnosis

     -  B scan ultrasound- if  view of retina not possible due to media opacity/ corneal edema.

      Systemic:

· FBS and PPBS- to r/o Diabetes Mellitus.

-     Carotid Doppler in case OIS is suspected- NVG in absence of either PDR, or CRVO.

Differential Diagnosis:

1) Fuchs Heterochromic Cyclitis.

2) Acute Angle closure Glaucoma.   

     3)   Other Inflammatory Glaucomas.

The management of NVG, is two pronged.

· Management of the underlying condition which led to development of NVI/NVA- e.g- CRVO, PDR, OIS, etc.

· Management of the NVG per se- IOP and Pain management.

    Management of the underlying condition is crucial to effectively control IOP, and preserve vision in NVG.

Pan Retinal Photocoagulation: 

Ablation of retinal tissue is known to cause a decrease in the release of angiogenesis factors, and leads to regression of NVI/ NVA. If done early in the natural history of the disease, before synechial closure develops, PRP itself can help in reduction of IOP. The presence of extensive synechiae will warrant additional medical/ surgical methods to control the IOP.

In some instances where media is hazy, PRP may still be performed with the use of an indirect ophthalmoscopic delivery system. When adequate PRP (1200–1600 laser spots) is not achievable, other modalities should be considered, including panretinal cryotherapy and transscleral diode laser retinopexy.

Management of the IOP:

 Medical management of raised IOP in cases of NVG, involve use of

· Topical antiglaucoma medications- Beta blockers- Timolol maleate 0.5%, or Betaxolol 0.5% bd, or Brimonidine, or Dorzolamide eye drops.

· Prostaglandin analogues and Pilocarpine are contraindicated in the setting of NVG, as they tend to further compromise the blood ocular barrier, and are not effective in NVG to bring down IOP

· Systemic antiglaucoma medications- Acetazolamide 250 mg upto qid, and use of Oral Glycerol, or Intravenous Mannitol can help in decreasing IOP, and clearing up the cornea to enable pan retinal photocoagulation.

· Atropine 1% bd, can stabilize the blood ocular barrier, and decreases pain associated with NVG.

· Topical steroids can also help stabilize the blood ocular barrier, and reduce pain.

Initial medical management helps control IOP, and enables performing PRP.

In case of raised IOP despite adequate PRP/ other retinal ablation, the treatment options are as follows:

· Supplemental medical management with topical anti glaucoma medications.

· If uncontrolled despite this,( maximal medical management)

· Trabeculectomy with Mitomycin- C

· Implantation of Glaucoma Drainage devices- Ahmed Glaucoma Valve, Molteno Valve, Baerveldt valve etc.

· Cyclodestruction:

· Cyclocryotherapy.

· Trans scleral cyclo photocoagulation.

· Endoscopic cyclophotocoagulation.

Anti VEGF treatment with various  Intravitreal drugs e.g: Bevacizumab, Pegatanib, VEGF trap, Ranibizumab can  cause regression of NVI/ NVA. The use of these anti angiogenic agents, is to obtain a therapeutic window, in which one can perform PRP, or other forms of retinal ablation.
