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Abstract 
Neurofibromatosis type 1 is an autosomal dominant, multisystem disorder affecting NF1 gene on chromosome 17. 

Ophthalmological manifestations of NF1 include lisch nodules, plexiform neurofibromas, malignant peripheral nerve sheath 

tumor, optic nerve glioma, choroid hamartomas, retinal tumors, congenital glaucoma and prominent corneal nerves. The 

diagnosis is based on the clinical features. Careful monitoring of the course of the disease along with management by 

multidisciplinary approach is necessary. Symptomatic neurofibromas and malignant peripheral nerve sheath tumors are treated by 

complete surgical removal. Optic nerve glioma treatment is not required as long as they are asymptomatic and clinically stable. 

The treatment of congenital glaucoma includes both medical and surgical therapy. Visual prognosis depends primarily on the 

presence or absence of optic pathway glioma or congenital glaucoma. Prenatal counselling is necessary as offspring of an 

affected individual has 50% risk of inheriting the autosomal dominant disease. This paper describes the variety of ocular and 

extraocular findings in NF1and the ophthalmologist’s role in diagnosis and management of NF1. 
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Introduction 
Phakomatoses is a neurocutaneous syndrome with 

autosomal dominant inheritance. Neurofibromatosis is a 

phakomatoses which primarily affects cell growth of 

neural tissue. It consists of two distinct genetic types 

and is characterized by occurrence of neuroectodermal 

tumors in multiple organs in both the types. These two 

forms of Neurofibromatosis (NF) are termed: 

Neurofibromatosis type-1 and Neurofibromatosis type-

2. 

Neurofibromatosis type 1 (NF1) previously known 

as vonRecklinghausen disease, is a multisystem 

disorder affecting 1 in 2600-3000 people.(1) This is an 

autosomal dominant (AD) disease with irregular 

penetrance and variable expressivity. The gene locus 

has been found in chromosome 17q11.(1) The clinical 

features commonly noted are skin pigmentation, Lisch 

nodules, and multiple benign neurofibromas, but may 

present with learning disabilities and skeletal 

abnormalities or central nervous system (CNS) tumors. 

The average life expectancy is reduced by 15 years in 

NF1 cases.(2)  

 

Pathogenesis 
The NF1 gene protein product, neurofibromin, is a 

tumor suppressor expressed in many cells, primarily in 

neurons, glial cells, schwann cells and early in 

melanocyte development.(1) This protein is a regulator 

of ras guanosine triphosphatase activity (GTPase-

activating protein, GAP). It acts as a regulator of 

signals for cell proliferation and differentiation by 

causing activation of GTPase which in turn inhibits the 

function of  Ras and tyrosine kinase.(3) The functional 

loss of neurofibromin causes uncontrolled cell 

proliferation and thereby increases the risk for 

neoplasm. Schwann cells in neurofibromas, and 

melanocytes in café-au-lait macules (CALM) have a 

mutation in both NF1 alleles. 

 

Diagnostic criteria 
National Institutes of Health (NIH) Consensus 

Conference in 1987 developed the criteria for diagnosis 

of NF1 for routine clinical use. Individual with 

presence of two or more of these manifestations fulfils 

the NIH diagnostic criteria.(4) 

 

 Six or more cafe’-au-lait spots: 

 >5 mm in greatest diameter at prepubertal age 

and  

 >15 mm in greatest diameter in adults 

 Lisch nodules in iris two or more in number 

 Axillary or inguinal freckling 

 Two or more neurofibroma of any type 

 One plexiform neurofibroma 

 Presence of optic nerve glioma 

 A distinctive osseous lesion such as sphenoidal 

dysplasia or thinning of cortex of long bones with 

or without pseudoarthrosis. 

 Presence of NF1 in first-degree relative. 

NIH criteria are also useful for diagnosis in 

children above 4 years. 

 

Natural History of Disease Manifestations 
A. Systemic features: 

1. Cutaneous features 
a. Café’-au-lait macules (CALM): Cafe´-au-lait 

spots are usually the first manifestation of NF1to 

be observed. (Fig. 1). Nearly all affected 
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individuals develop multiple café au lait spots and 

by the age of 7 years 90% of cases have 

intertriginous freckling.(5) CALM are flat, 

uniformly brown with size varying from 0.5 to 12 

cm. The colour is roughly two shades darker than 

the uninvolved skin. Histologically, CALMs have 

an increased number of melanocytes with increased 

concentration of melanin and giant melanosomes. 

b. Skinfold freckling: Skinfold freckling (Crowe's 

sign) is very specific and considered as a 

pathognomonic sign. It mostly involves areas with 

minimal exposure to sunlight especially in axilla 

and groin. 

2. Neurofibromas: Neurofibromas occur on the 

course of the peripheral and autonomic nerves. 

However, they never develop on pure motor 

nerves. Histopathology reveals units of 

proliferating axons, schwann cells, and fibroblasts, 

with each unit surrounded by a perineural sheath. 

They exhibit ‘button-hole sign’ that is invagination 

into skin occurs with pressure. It has been 

classified into following subtypes. 

a. Discrete cutaneous 

b. Nodular plexiform: It feels like ‘bag of worms’ 

on palpation. Eyelid involvement gives a 

characteristic ‘S shaped ptosis.’ 

c. Diffuse plexiform: These infiltrate widely and 

deeply into surrounding structures.  

The most frequent malignancy in NF1, the 

malignant peripheral nerve sheath tumor occurs in 8-

12% of NF1 patients, and usually  arise from pre-

existing plexiform neurofibromas (PN).(6) Onset of pain 

or rapid growth in a stable PN is an indicator of 

malignant transformation. Pruritus is common in NF1 

due to increased number of mast cells found in 

neurofibromas. 

3. Intracranial tumours: Brain tumors more 

commonly occur in children and young adults with 

NF1 in the form of gliomas of the brainstem or 

cerebellum and have a less aggressive course.(7) It 

also occurs in at least 20% of cases who have optic 

nerve glioma or previously treated with radiation.(8)  

4. Neurologic/Psychologic: Headaches, learning 

disabilities, attention deficit hyperactivity (ADH) 

disorder and seizures may occur. Most individuals 

with NF1 have normal intelligence, but in 50% to 

75% cases learning disabilities can occur.(9) Social, 

behavioural and personality disorders are more 

marked in children with NF1.(10,11) 

In at least 60% of T2-weighted MRI of the brain 

reveals an unidentified bright objects (UBOs), which 

are sometimes called “T2 hyperintensities” in cases of 

NF1, but the clinical significance is uncertain.(12) 

Presence of these may have a correlation with learning 

disorders in children but there are few evidence based 

studies to prove this hypothesis. 

5. Vasculopathy: Essential hypertension commonly 

occurs in NF1. The other causes for hypertension 

are due to renal artery stenosis, coarctation of the 

aorta or pheochromocytoma; while in children it 

has a renovascular mechanism.(13,14) 

Cerebrovascular abnormalitiesmay present in as 

stenoses or occlusions of the internal carotid and 

cerebral arteries. Cerebral angiography shows 

“puff of smoke” (moyamoya) appearance which 

are the stenotic areas surrounded by small 

telangiectatic vessels.(15) Moyamoya develops more 

frequently in children with NF1 after cranial 

irradiation for primary brain tumors.(16) 

6. Endocrine disorder: Precocious puberty and 

pheochromocytoma may occur in patients with 

NF1.(17) 

7. Skeletal abnormalities: Dysplasia of long bones 

mainly affecting the tibia is seen in 1-4% of 

children. Sphenoid wing dysplasia (Fig. 2) and 

dystrophic scoliosis are other common 

musculoskeletal features in NF1.(18) Generalized 

osteopenia and frank osteoporosis are also more 

common in NF1.(19,20) 

8. Malignant tumors: Patients with NF1 are 5-15% 

at risk of developing malignancy and most frequent 

neoplasm is malignant peripheral nerve sheath 

tumors.(6,21) These malignancies develop at a 

younger age and have a poorer prognosis. Other 

associated malignancies that occur in NF1are 

Juvenile myelomonocytic leukemia (JMML)and 

Gastrointestinal stromal tumors (GIST)(22,23) Risk 

of developing breast cancer is 3.5 to 5 fold, in 

women with NF1 above 50years.(24) 

B. Ophthalmological manifestations: Ocular 

features of NF1 include lisch nodules, PN, optic 

nerve glioma, choroid hamartomas, retinal tumors, 

congenital glaucoma and prominent corneal 

nerves.(3,7,25) Loss of vision due to optic nerve 

glioma warrants early diagnosis of NF1. 

a. Lisch nodules: Lisch nodules are the most 

common ocular pathognomic markers for NF-1and 

usually do not cause any complication (Fig. 3). 

These are benign, yellow to brown colored, well-

defined, dome-shaped elevations and histologically 

are melanocytic hamartomas. Lisch nodules are 

usually specific for NF-1 and mostly bilateral. 

They are usually not visible at birth and with age 

the prevalence gradually increases.(26) Kordić et al 

demonstrated incidence of lisch nodules to be 78% 

in 132 patients ranging from 0–16 years.(27) 

b. Plexiform neurofibromas: PN infiltrate the orbit, 

temporal region or eyelids and can be vision 

threatening at times. Orbitotemporal neurofibromas 

can cause strabismus, ptosis, proptosis and change 

in globe length. Amblyopia may result secondary 

to ptosis and anisometropia.(26,28) Characteristic 

features of PN of the eyelid are thickening of upper 

lid, S-shaped ptosis and "bag of worm” like 

sensation. They may undergo malignant 

transformation to peripheral nerve sheath tumors. 
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c. Optic pathway glioma (OPG): Approximately 

15-40% of children with NF-1have gliomas 

affecting the optic nerve, chiasma or optic tract.(29) 

Presence of bilateral optic nerve gliomas are almost 

pathognomonic feature of NF-1. These are locally 

invasive and slow growing tumors with low grade 

malignant potential and histologically are mostly 

pilocytic astrocytoma.(30) It presents mostly in first 

decade with decrease in visual acuity, painless 

proptosis, color vision defect, an afferent pupillary 

defect, strabismus, nystagmus and optic atrophy. A 

large lesion may cause compression of optic 

chiasma. Hypothalamic symptoms may also occur. 

Massive lesions may compress the third ventricle, 

resulting in obstructive hydrocephalus, headache, 

nausea, and vomiting.(31) Precocious puberty, 

especially in a child with NF1, should raise the 

suspicion of an OPG. Many NF1-associated OPGs 

are discovered incidentally when a brain MRI is 

ordered. 

d. Choroid hamartomas: These are flat, ill-defined 

lesions and usually occur in the posterior pole. 

They contain neuronal and melanocytic 

components. 

e. Retinal tumors: Astrocytic hamartomas, retinal 

capillary hemangiomas and combined hamartomas 

of the retina and retinal pigment epithelium are the 

common retinal tumors of NF1. 

f. Absence of the greater wing of the sphenoid bone 

may lead to pulsatile proptosis. 

g. Glaucoma: Congenital glaucoma is relatively rare 

and usually unilateral. Obstruction of aqueous 

outflow by neurofibromatous tissue in the angle is 

the primary pathology. Secondary angle-closure 

can also occur by forward displacement of the 

peripheral iris associated with neurofibromatous 

thickening of the ciliary body. Associated 

congenital ectropion uveae may be found. About 

50% of patients have an ipsilateral plexiform 

neurofibroma of the upper eyelid or exhibit facial 

hemiatrophy. Retinal vasoproliferative tumours and 

neovascular glaucoma has also been found in 

NF1.(32,33,34) 

 

 
Fig. 1: A 10 year boy with multiple café-au-lait spots 

on right side of face and S-shaped ptosis 

 
Fig. 2: Frontal computed tomography (CT) scan 

showing the bare orbit sign, with absence of the 

greater wing of the left sphenoid bone, in a patient 

with neurofibromatosis type 1. (Source: 

Radiopaedia.org) 

 

 
Fig. 3: Lisch nodules seen as yellowish, dome shaped 

lesions more marked in the lower iris between 5-6 

clock hours 

 

Investigations 
These are advised in symptomatic cases and have 

an individualized approach. 

 X ray of chest and long bones are done in cases of 

scoliosis or any skeletal abnormalities. 

 CT scan of brain and orbit is helpful to rule out 

OPG and brain tumors. A typical fusiform 

appearance with kinking has been found on 

imaging. MRI which shows greater soft tissue 

definition is helpful in early detection of 

gliomas.(35) 

 Genetic testing has increased our ability to make 

the diagnosis in uncertain cases or when prenatal or 

pre implantation genetic diagnosis is desired.  

 

Management 
NF1 is a multisystem disorder requiring 

management by multiple disciplines. Presence or 

absence of optic pathway glioma or congenital 

glaucoma is a visual prognosis indicator.(29,36) Genetic 

counselling plays an important role. It is essential to 

examine parents to determine whether they are affected 
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as half of all cases are familial. Along with physical 

examination looking for signs of malignancy, the social 

skills, learning ability and behavioural disorders must 

also be evaluated.(37) 

Surgical indications of  neurofibroma are those 

which are symptomatic, enlarging, or with signs of 

malignant transformation.(38) PN producing mechanical 

ptosis or cosmetic deformity are indications for surgical 

removal. However, due to the infiltrative nature of these 

lesions, complete excision is usually impossible and 

recurrence is quite common. The preservation of the 

nerve is a major challenge during surgery because 

neurofibromas are non- encapsulated tumors containing 

all nerve elements, i.e., axons, sheath cells, and 

connective tissues.(39,40,41) Radiotherapy is a 

contraindication due to risk of malignant 

transformation.(42) Sirolimus, an inhibitor of mTOR 

(regulator of cell growth in nervous system) plays a role 

in reducing pain associated with PN.(43) 

Imatinibmesylate has been demonstrated to reduce the 

size of a PN by interfering with c-kit receptor activity 

and thereby inhibiting stem cell factor's growth-

potentiating effects.(44) Some recent studies have shown 

promising results with radiofrequency therapy for 

treatment of facial diffuse plexiform neurofibromas and 

café-au-lait spots.(45,46) 

Medications that areused routinely for treatment of 

ADH disorder, depression, or anxiety are also effective 

in patients with NF1. Recently, improved cognition in 

NF1 has been reported in mice following treatment with 

lovastatin, an HMG-CoA reductase inhibitor.(47) 

However, Simvastatin (another HMG-CoA reductase 

inhibitor) failed to show any significant improvement 

after 3 months of treatment in the cognitive abilities of 

children with NF1, however this is still an ongoing area 

of investigation.(48) 

Asymptomatic and clinically stable optic gliomas 

do not need treatment. For progressive optic pathway 

gliomas chemotherapy is considered as the treatment of 

choice.(49) Complete surgical resection has been 

reserved as a cosmetic palliative therapy for isolated 

optic nerve glioma in a blind eye. Radiotherapy is 

generally avoided as there are chances of inducing 

malignancy or Moyamoya syndrome.(42,50) However, in 

patients with postchiasmatic gliomas improvement in 

survival has been studied after radiation therapy.(51) 

Inhibitors of BRAF, MEK, and mTOR are already in 

clinical trials. Bevacizumab, has shown positive 

response in recurrent/refractory OPG(52) and are being 

evaluated in larger studies. 

Medical therapy and surgical intervention 

(goniotomy, trabeculotomy, trabeculectomy, and 

aqueous shunting devices) may be necessary to treat 

glaucoma. 

The median life expectancy of NF1 patients are 

generally 8 years lower than that of normal individuals. 

Malignancy and vasculopathy have attributed to the 

common causes of death.(53,54) Generally annual 

physical examination is recommended to monitor the 

disease progression. Kimberly et al recommended 

annual ophthalmologic examinations in children and 

less frequently in adults and regular developmental 

assessment in children. Regular blood pressure 

monitoring and magnetic resonance imaging was done 

in cases of suspected intracranial and other tumors.(55) 

To people who are undergoing family planning genetic 

counseling and chances of involvement of the 

offspring’s should be explained. 

 

Conclusion 
In conclusion a multidisciplinary approach of 

evaluation and treatment often coordinated by a 

physician or a geneticist is required. The role of the 

ophthalmologist lies not only in diagnosis and 

prevention of visual loss but also in the recognition of 

rare systemic manifestations. Regular annual 

ophthalmological and systemic assessment is necessary 

for proper management of NF1. Genetic testing has 

increased our ability to make the diagnosis in uncertain 

cases, yet further research into genotype-phenotype 

correlations is needed. Although there is no specific 

medical treatment available at present but ongoing trials 

hold promise in treating both ocular and systemic 

manifestations of NF1 in future. 
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