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INTRODUCTION 

 
Familial amyloidotic polyneuropathy (FAP) is a heterogeneous group of familial diseases 

characterized by systemic accumulation of amyloid fibrils in the peripheral nerves and other 

organs, including the eye. Knowledge of the biochemical nature of the amyloid fibril proteins in 

these hereditary syndromes is limited. FAP is classified in types I-IV, according to the different 

clinical features and geographic origin. FAP type I, firstly described by Corino de Andrade in 

1952[1], is the most frequent type, appearing mainly in Portuguese, Japanese, Swedish, and 

Jewish families. It has its onset in the lower limbs and presents severe autonomic dysfunction 

affecting the cardiovascular and renal systems[2]. It is an autosomal dominant inherited disease 

characterized by abnormal production and extracellular deposition of transthyretin (TTR), a 

carrier protein of thyroxin in the plasma and vitamin A in the retina. More than 90% of this protein 

is synthesized in the liver, but there is evidence of ocular production by both retinal and ciliary 

pigment epitheliums[3]. Replacement of valine-30 by methionine in TTR is necessary for the 

formation of these amyloid deposits[4]. 

The cornea is one of the most highly innervated tissues of the human body, supplied by the long 

ciliary nerve, through the ophthalmic branch of the trigeminal nerve. This assures corneal 

sensation and provides trophic factors, essential in the maintenance of its structure and function, 

by regulating epithelial integrity, proliferation and wound healing[5,6]. Reduced or absent corneal 

sensitivity, spontaneous epithelial breakdown and impairment of corneal healing[6] characterize 

neurotrophic keratopathy (NK), a rare degenerative corneal disease, potentially sight 

threatening. It results from localized or systemic conditions affecting nerve function along its 

course and is frequently associated to herpes keratitis, chemical burns, long-term use of contact 

lenses, corneal surgery or ablative procedures for trigeminal neuralgia[7]. According to Mackie[8], 

clinical severity of NK is classified in 3 stages summarized in Table 1.  

 Table 1 – Mackie’s Classification[8] 

Stage Clinical findings 

I 

Corneal epithelial hyperplasia and irregularity  
Superficial punctate keratopathy   
Increased viscosity of tear mucus and decreased break-up 
time   

II 
Persistent corneal epithelial defect - smooth and rolled edges    
Descemet’s membrane folds and stromal swelling  
Anterior chamber inflammatory reaction with hypopyon (rare)  

III 
Corneal ulcer  
Corneal perforation  
Corneal stromal melting 

 

There are many ocular features associated to FAP type I, including, among others, corneal 

alterations, vitreous opacification, secondary glaucoma, scalloped pupils, slower pupillary 

reflexes and anomalous conjunctival vessels. In the cornea, primary amyloid deposits damage 

the epithelium and stroma. Infiltration of the orbital nerves can cause progressive autonomic 
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neuropathy with decreased corneal sensitivity, keratoconjunctivitis sicca and NK. This, together 

with hyposecretion of tears due to lacrimal gland infiltration, leads to severe dry eye, which 

contributes to epithelial injury exacerbation, deregulated proliferation, and parakeratosis[4,9-12].  

Once established, both acute and chronic inflammation may sustain progression of the corneal 

pathology[13]. 

Treatment of these corneal epithelial injuries with vitamins, collagenase inhibitors, anti-

inflammatory agents, prophylactic topical antibiotic, artificial tears or bandage contact lenses is 

frequently poor or of transient efficacy. In severe cases, oral doxycycline, autologous serum, 

amniotic membrane transplantation, tarsorrhaphy or a conjunctival flap are employed alone or 

in combination[14]. However, successful modulation of the healing response is rarely 

accomplished. 

A new promising topical drop has emerged to revolutionize NK treatment: the matrix 

ReGeneraTing Agent (RGTA, polycarboxymethyl glucose sulfate). It is a biopolymer designed 

to mimic the heparan sulphates bound to corneal extracellular matrix proteins, protecting them 

from proteolysis and enabling growth factors and cytokines to act on the injured site. RGTA 

restores the physiological matrix organization and cellular microenvironment, stimulating the 

regeneration process[15]. Clinical studies with this new agent were performed in animals[16] and 

humans[15,17,18], showing encouraging results in the treatment of corneal ulcers and dystrophies 

of various etiologies. However, no literature using this new agent in NK patients with FAP is 

available.  

The aim of this case report is to present 3 patients with FAP type I and NK who were successfully 

treated with a new matrix-regenerating agent – the RGTA, polycarboxymethyl glucose sulfate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

CASE PRESENTATION WITH ILLUSTRATIONS AND FIGURES 
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CASE 1 

The first patient is a 47-year-old male diagnosed with FAP at the age of 20, with predominantly 

peripheral sensorimotor polyneuropathy, autonomic dysfunction and infiltrative cardiac 

manifestations, who underwent liver transplantation 7 years after the diagnosis. Ocular 

manifestations started ten years later. Left eye (LE) and right eye (RE) posterior vitrectomy and 

cataract surgeries were performed. Neurotrophic corneal ulcer grade 2 in Mackie’s 

classification[8] was diagnosed 2.5 months after cataract surgery, non-responsive to occlusion 

therapy, or preservative free eye lubricants. Total corneal anaesthesia was demonstrated by 

cotton tip test and corneal ulcer borders were debrided. RGTA eye drops were started, instilled 

in the morning, once a week. Neurotrophic ulcer area was calculated as proportion of the total 

corneal area, assessed by slit lamp photography, using an image analysis software (ImageJ®, 

version 1.47, Wayne Rasband Research Service Branch, National Institute of Mental Health, 

Bethesda, MD). Ophthalmological evaluation with anterior segment photography (Figure 1) was 

performed at days 1, 7, 14, 21 and 28. Corneal ulcer area decreased from 8.76% at the 1st day 

to 3.11% at the 7th day. In day 14, corneal ulcer area was 3.34% followed by 3.11% (21st day) 

and complete corneal healing was achieved until the 28th day. A total of 5 instillations were 

applied. After a follow-up period of 7 months, there was no recurrence of corneal ulcer despite 

no significant improvement in visual acuity (VA).  

No systemic or local side effects were noticed and no pain or discomfort during drop instillation 

was reported. 

   
 

   

Figure 1 – Patient 1: anterior segment photography at days 1, 7, 14, 21 and 28 with fluorescein eye drop; 

without fluorescein eye drop at day 28. 

 

CASE 2 

1st day 7th day 14th day 

21st day 28th day 28th day 
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A 54-year-old male was diagnosed with FAP type I and peripheral sensorimotor polyneuropathy, 

grade III atrioventricular block (pacemaker carrier) and renal insufficiency. Ocular history of 

central retinal vein occlusion of the RE, with no light perception, was known. Liver 

transplantation was performed at the age of 35. Ocular manifestations emerged 13 years after 

transplantation with LE secondary open-angle glaucoma, non-responsive to maximum topical 

treatment. A trabeculectomy followed by cataract surgery was performed in the LE. Neurotrophic 

corneal ulcer grade 2 in Mackie’s classification[8] developed afterwards, non-responsive to 

occlusion therapy, or preservative free eye lubricants. Total corneal anaesthesia was 

demonstrated by cotton tip test and corneal ulcer borders were debrided. RGTA eye drops were 

started once a week. Ophthalmological evaluation with anterior segment photography (Figure 

2) was performed at days 1, 7, 21 and 57. Corneal ulcer area decreased from 4.95% at the 1st 

day to 2.83% at the 7th day. On day 21, corneal ulcer area was 2.67% and two instillations per 

week were performed thereafter. Complete corneal healing was achieved until the 57th day. A 

total of 10 instillations were applied. After a follow-up period of 4 months, the patient presented 

no ulcer recurrence. Moderate corneal scarring occurred, with no significant improvement in VA 

noted.  No systemic or local side effects were noticed and no pain or discomfort during drop 

instillation was reported. 

 

   
 

  
 
Figure 2 – Patient 2: anterior segment photography at days 1, 21 and 57 with fluorescein eye drop; without 

fluorescein eye drop at day 57. 

 

CASE 3 

1st day 21st day 

57th day 57th day 
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The third patient is a 55-year-old female with FAP type I, presenting peripheral sensorimotor 

polyneuropathy and cardiac manifestations. She underwent liver transplantation at the age of 

39. Ocular manifestations started 8 years after transplantation with posterior capsular amyloid 

deposition, secondary glaucoma, typical iris alterations and vitreous opacities on both eyes. 

Neurotrophic corneal ulcer grade 2 was diagnosed in the RE 6 weeks after cataract surgery. 

The ulcer was non-responsive to occlusion therapy, or preservative free eye lubricants. Total 

corneal anaesthesia was demonstrated by cotton tip test. RGTA eye drops were started, twice 

a week. Ophthalmological evaluation with anterior segment photography (Figure 3) was 

performed at days 1 and 14. Corneal ulcer area decreased from 19.10% at the 1st day to 

complete corneal healing until the 14th day. A total of 5 instillations were applied. After a follow-

up period of 2 months, no recurrence was registered, with no significant improvement in VA.   

 

  
 

  
 

 
Figure 3 – Patient 3: anterior segment photography at days 1 and 14 without fluorescein eye drop (left 

images); with fluorescein eye drop at day 1 and 14 (right images). 

 

 

 

 

 

 

DISCUSSION 
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Liver transplantation has been widely accepted as an effective therapy to halt systemic amyloid 

deposition because the precursor protein of amyloid deposits in tissues of FAP patients is 

predominantly synthesized by the liver. However, evidence of TTR small synthesis in both retinal 

and ciliary pigmented epithelium and choroid plexus[3] of the brain[19] has been found and cannot 

be prevented by liver transplantation[20]. Despite this surgery, all the 3 presented patients 

developed not only vitreous opacities, iris alterations and secondary glaucoma, but also 

decreased corneal sensitivity. These findings are in agreement with previous published reports 

of patients with FAP type-I submitted to liver transplantation[21]. 

Initially, formation of amyloid deposits in the cornea has a cytotoxic effect, damaging corneal 

sensory nerves, epithelium, and stroma. Corneal neuropathy associated with an impaired tear 

film promotes epithelial surface injury and disturbances in hydration and ionic homeostasis. Both 

persistent mechanical damage and cytotoxicity lead to tissue destruction and repeated attempts 

of wound healing[13].  

Treating NK is not easy and remains a clinical challenge, particularly in FAP patients. In fact, 

none of the 3 patients responded to current conservative treatment. Few cases of NK patients 

with FAP are reported in the literature. Nonetheless, all presented severe hypoesthesia and 

keratoconjunctivitis sicca and culminated in bilateral corneal perforation[13,22], the last stage of 

NK that should be avoided at all cost. 

The introduction of the new topical treatment for NK, the RGTA, polycarboxymethyl glucose 

sulphate, is a promising therapy to these patients. It belongs to the polysaccharides’ family, 

derived from dextran by chemical substitutions with carboxymethyl, sulphate and hydrophobic 

groups[23,24]. This biopolymer is engineered to replace the heparan-sulphates destroyed upon 

tissue injury and to specifically bind extracellular matrix proteins and growth factors, protecting 

them from proteolysis[23].  

Recent clinical studies already showed safety and effectiveness in treating NK in corneal 

dystrophies, resistant corneal ulcers[15] and after infectious keratitis[18], chemical burns and 

perforating keratitis[17], with mean wound healing ranging from 4 to 9 weeks.  

The series here presented showed encouraging results: total re-epithelialization was achieved 

in all 3 patients within a mean period of 33 days (4.71 weeks) after initiating RGTA once/twice 

a week with no recurrence registered and a follow up time ranging from 2 to 7 months. These 

excellent results are reinforced by a larger series observed in the same department: 15 patients 

with various causes of NK and mean corneal ulcer area before treatment of 16,26%, treated 

with RGTA agent, showed complete corneal healing within a mean period ranging from 1 to 8 

weeks. In these patients, treatment was started with one instillation per week. If no improvement 

in ulcer area was observed, two instillations were performed until complete corneal healing. Due 

to the limited sites for heparan binding available in the healing tissue, a perfectly well defined 

posology is not available, only the producer’s recommendation of one/two weekly instillations. 
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CONCLUSION 

Decreased corneal sensitivity, in patients with FAP type I, associated to an impaired tear 

production, can lead to NK development. The NK in these patients is one of the most challenging 

ocular surface pathologies. As these three patients were non-responsive to conservative NK 

topical treatment, a new substance, the RGTA, polycarboxymethyl glucose sulphate, was 

experimented. RGTA is easy to apply, and showed compelling effectiveness in corneal wound 

healing, being well tolerated by all patients. 

These are the first cases of NK caused by FAP treated with RGTA. True potential of these eye 

drops was here demonstrated, showing that this approach might be an excellent solution to treat 

NK, even in this particular type of patients. 
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