
CORNEAL NEUROTIZATION FOR NEUROTROPHIC 
KERATOPATHY: REVIEW OF SURGICAL TECHNIQUES AND 
OUTCOMES

Catherine Y. Liu, MD, PhD1, Andrea C. Arteaga, MD2, Sammie E. Fung, BA1, M. Soledad 
Cortina, MD2, Ilya M. Leyngold, MD3, Vinay K. Aakalu, MD, MPH2

1Viterbi Family Department of Ophthalmology, UC San Diego, San Diego CA;

2Illinois Eye and Ear Infirmary, Department of Ophthalmology and Visual Sciences, College of 
Medicine, University of Illinois Chicago, Chicago IL;

3Duke University Medical Center, Department of Ophthalmology, Durham NC

Abstract

Neurotrophic keratopathy is a degenerative disease in which damage to the corneal nerves leads to 

corneal hypoesthesia. Injuries to neurotrophic corneas are notoriously difficult to treat and have 

traditionally been approached with supportive management. However, recent progress in the field 

of corneal neurotization has given new direction for addressing nerve loss directly by stimulating 

new nerve growth onto the cornea from nearby sensory nerves transferred to the perilimbal region. 

Herein, we review the surgical techniques utilized in corneal neurotization, including direct 

transfers and the use of nerve grafts. Considerations in surgical approach, as well as factors that 

influence prognosis and outcomes of the surgical intervention are also discussed.
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I. INTRODUCTION

Corneal nerves play an essential role in directing growth and repair of the cornea. Injuries to 

neurotrophic corneas are notoriously difficult to treat and are often associated with poor 

visual outcomes. Traditional treatment paradigms call for supportive management, as the 

root cause of the problem – loss of corneal nerves and important growth factors – could not 

be addressed. Recently, exciting progress in the field of corneal neurotization has given new 

direction for addressing nerve loss directly by stimulating new nerve growth onto the cornea 

from nearby sensory nerves transferred to the perilimbal region [1,2].
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Corneal neurotization was first described in 1972 by Samii, where a sural nerve was used as 

an interpositional graft between the greater occipital nerve and the transected ophthalmic 

nerve [3,4]. The described technique via frontal craniotomy was complex and required a 

long procedure time, and thus was not readily incorporated into routine clinical practice. In 

2009, Terzis et al. described direct transfer of the supratrochlear and supraorbital nerves to 

the corneoscleral limbus of the denervated cornea to restore corneal sensation [1]. Over the 

past decade, refinements in this surgical technique have led to promising results in restoring 

corneal function [5–8]. A comprehensive review of the advancements in technique, the 

clinical outcomes, and recent insights into the mechanisms are discussed.

II. METHODS

The authors searched PubMed and Google Scholar with the terms “corneal neurotization”, 

“corneal neurotisation”, and “neurotrophic keratopathy”. Articles and abstracts published in 

English between December 2008 and November 2020 were included in the literature search. 

After selecting for studies reporting on surgical techniques, 45 articles were included for 

review.

III. PATHOPHYSIOLOGY OF NEUROTROPHIC CORNEA

Neurotrophic keratopathy is a degenerative disease in which damage to the corneal nerves 

leads to corneal hypoesthesia. Neurotrophic keratopathy has a prevalance of 1.6 to 

11/10,000, with the most frequent cause of neurotrophic keratopathy being trigeminal nerve 

injury from herpetic keratopathy [84]. Other conditions such as diabetes, dry eye syndrome, 

topical medications like chronic glaucoma treatment, familial dysautonomia, leprosy, 

tumors, chemical, and surgical trauma, including refractive surgery, can also affect the 

trigeminal nerve at different levels [9–12, 80].

Corneal nerves are essential in maintaining ocular surface homeostasis, as they play a role in 

tear production and epithelial regeneration [9]. Corneal nerves secrete substance P and 

calcitonin gene-related factors which play important roles in epithelial proliferation and 

wound healing [9,10, 80]. In turn, corneal epithelial cells secrete growth factors such as 

neurotrophin 3, neurotrophin-like nerve growth factor, and ciliary neurotrophic factor which 

promote the survival of corneal nerves [9,13]. These factors and others including glial cell-

derived neurotrophic factor and epidermal growth factor help stimulate nerve and epithelial 

cell regeneration after injury [80].

Additionally, corneal sensation is essential for reflex blinking and tearing. Decreased corneal 

sensation increases the risk for corneal micro trauma and corneal epithelial breakdown and 

is associated with delayed healing [9,14,15,80]. Abnormal innervation of the cornea reduces 

tear production and compromises epithelial function, further reducing expression of 

epitheliotrophic mediators and neurotrophic growth factors [80]. For instance, patients with 

neurogenic deregulation as a result of long-standing diabetes and chronic inflammation 

showed an instability of their tear film and reduction of corneal sensitivity [85]. Thus, a 

neurotrophic cornea – lacking properly functioning nerves or sensation- makes the eye 

vulnerable to developing severe complications such as non-healing ulcers, thinning, 
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infection, melting, and perforation; this can lead to scarring and vascularization of the 

cornea which ultimately limits vision [9,13–15, 80].

Until recently, the traditional approach to managing neurotrophic corneas has been 

supportive rather than addressing the root cause. This includes frequent lubrication with 

preservative free artificial tears, autologous serum tears, and therapeutic soft or hard contact 

lenses, including BostonSight PROSE contact lenses [11,13,16, 81]. Surgical options include 

amniotic membrane transplantation which can reduce vascularization and surface 

inflammation [13,17,18, 80]. Tarsorrhaphy is another surgical option for non-healing corneal 

ulcers. Despite these supportive treatments, neurotrophic corneal ulcers have a protracted 

course with permanent sequelae.

Replacement of nerve growth factors by either external application (such as with topical 

insulin-derived growth factor, human recombinant nerve growth factor, and others) or via 

neurotization is different from the aforementioned supportive methods in that it addresses 

the root cause of the cornea’s poor ability to heal itself and promotes reinnervation [19–25, 

80,81,82]. While administration of topical nerve growth factors has shown improvement in 

nerve regeneration and corneal sensitivity in animal models, randomized clinical trials have 

shown efficacy in wound healing but failed to show statistically significant improvement in 

corneal sensation in humans [26–29]. Serum tears and other blood derivates which contain 

and provide multiple growth factors have also been shown to aid epithelial healing with mild 

improvement of corneal sensation, but the risk of contamination and accessibility have 

limited their use [80,83]. Corneal neurotization, on the other hand, confers a durable 

improvement in corneal sensation, and maybe a more permanent solution.

IV. LESSONS FROM PERIPHERAL NERVE REPAIR

Repair of peripheral nerve injuries has historically been performed by coapting the proximal 

severed nerve end to the distal end either directly, or through the use of a tubule (i.e., 

conduit), or an interpositional nerve graft for tension free repair. The success of peripheral 

nerve coaptation is based on the regeneration of axons across the neurorrhaphy from the 

proximal injured nerve end into the distal nerve stump or directly into the target tissue. This 

process is initiated by Wallerian degeneration and followed by Schwann cell 

dedifferentiation and proliferation aided by tissue macrophages and inflammatory cells [30]. 

Studies of sensory nerve reconstruction have shown that younger age and a shorter distance 

between the transected or injured nerve ends (gap length) are associated with improvements 

in static two-point discrimination [31–34]. Sensory end-organs can survive for an extended 

period of time; as such, surgical repairs can take place several years after the initial injury 

and still yield successful reinnervation outcomes, unlike motor nerve repairs where the 

timing of surgery can alter the success rate by as much as 54% [15,33,35,36]. Use of nerve 

autografts as interpositional grafts have shown high rates of success in digit reconstruction 

[34]. Processed nerve allografts are a viable alternative and comparable results have been 

reported [34].

The cause of peripheral nerve injury is associated with success of reinnervation. Local 

mechanical insult (i.e., acute stretch/compression or blunt crush) that leads to neuropraxia 
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(i.e., local myelin injury only) or axonotmesis (i.e., axonal transection with sparing of 

epineurium) has a good prognosis overall and can achieve spontaneous recovery within 

weeks to years [35,37]. Spontaneous recovery can occur in up to 70% of closed radial nerve 

injuries [38]. In contrast, injuries that cause neurotmesis (i.e., division of axons, 

endoneurium, perineurium, and epineurium) have poor prognosis although sharp injuries 

may still fare better [33]. In the case of blast injuries, successful reinnervation has been 

reported in less than 50% of cases [37]. When surgery is successful, significant progress is 

typically seen within the first year [32,33]. A longer duration of time is associated with a 

more stable level of sensory recovery and is thought to be related to the time needed for 

functional reorganization of the somatosensory cortex, which is seen usually after a period 

of 6 months [33]. Sensory improvements have been observed up to 3 years after surgery 

[32,33]. In an experimental rat study, diabetes appeared to delay functional nerve recovery 

[39]. However, it is unclear to what extent this translates to human nerve repair.

When the distal nerve stump is not available, direct tissue neurotization is an alternative 

option where the donor nerve or an interpositional nerve graft is directly implanted into the 

target tissue [30,40]. With this technique, it is hypothesized that the proximal nerve directly 

sprouts axons to reinnervate the target tissue [15]. Rat studies support this hypothesis 

through findings of increased acetylcholinesterase activity, higher combined muscle action 

potential amplitude, and greater nerve fiber count after peripheral nerve neurotization 

[40,41]. Although innervation via neurotization is a slower process than direct nerve repair 

or grafted coaptation, it is a viable method for reinnervation in cases where nerve-to-nerve 

reconnection is not possible (e.g., chronic neural degeneration, distal nerve injury or distal 

neural atrophy, neurotrophic cornea, etc.) [42].

In peripheral nerve reconstruction, epineurial repair, where the epineurium of the proximal 

and distal nerve is connected, is the most common method of coaptation. The nerve ends can 

be connected via an end-to-end (ETE), end-to-side (ETS), or side-to-side (STS) approach 

(Figure 1) [43–46]. In digital reconstruction, both ETE and ETS techniques showed good to 

excellent outcomes in the majority of cases, with ETE having a small but significant 

improvement compared to ETS coaptation [32]. In an experimental rat tibial neurorrhaphy 

study, all methods resulted in functional recovery. The ETE method had overall the best 

functional recovery, which was associated with higher nerve fiber counts, area, and density 

[44]. Ultimate choice of surgical technique depends on the relative sizes of the donor and 

recipient nerves, as a similar caliber is needed for good alignment in the ETE approach. The 

ETS approach may be more suitable when there are significant differences in nerve caliber, 

the donor nerve is critical to function, or the proximal nerve end is not available [47,48]. In 

an ETS neurorrhaphy, an epineurial window is created on the donor nerve to which the 

epineurium of the distal nerve stump is connected. This maneuver may increase the risk of 

axonal injury, a significant concern if a critical nerve is used as a donor, but it appears to be 

beneficial in stimulating axonal regeneration [44,49–52]. More recently, an STS “bridging” 

approach has shown promise in rat studies as another method of repairing peripheral nerve 

injuries.
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V. CORNEAL NEUROTIZATION TECHNIQUES

In corneal neurotization, an intact donor sensory nerve can be transferred directly to the 

affected cornea or indirectly using interpositional nerve graft (Figure 2). An interpositional 

nerve graft can be harvested as an autograft or an allograft which is decellularized and 

processed prior to use. Various techniques have been described, and donor nerves ipsilateral 

and contralateral to the affected cornea have been used. Selection of an approach takes into 

account several factors – the availability of a sensate donor site, the size of the donor nerve 

which can individually vary, the surgeońs experience and preference, and the distance 

between the end (or side) of the donor nerve and the cornea (gap length).

VI.A.1 Open direct transfer

Terzis et al. was the first to describe an open technique for the isolation of the contralateral 

supratrochlear and supraorbital nerves [1]. The dissection was carried to the superior orbital 

rim through a coronal incision, where branches of the exiting supratrochlear and supraorbital 

nerves were isolated, transected distally, tunneled across the nasal bridge, and externalized 

through an eyelid crease incision superior to the affected cornea (Figure 2). The branches 

were then tunneled through the superior fornix onto the ocular surface. Incisions in the 

bulbar conjunctiva allow nerve branches to be placed around the limbus between the Tenon’s 

and sclera. The branches were then sutured into place with 10–0 nylon before the 

conjunctiva was closed over them. This procedure was staged with motor reanimation of the 

orbicularis muscle in an adult with a CN V and VII paralysis after neuroma resection [53]. A 

hemicoronal modification has also been described with isolation of the deep (periosteal) 

branch of the ipsilateral supraorbital nerve [8].

VI.A.2. Endoscopic and minimally invasive direct transfer

Endoscopic and minimally invasive direct transfers allow for smaller incisions that may offer 

faster healing time and less scarring at the incision site. Using this technique, two 1 cm 

sagittal incisions can be made in the scalp instead of a coronal incision, and dissection 

carried in the subperiosteal or subgaleal plane with the aid of an endoscope until the superior 

orbital rim is reached [6,7] (Video 1). An upper eyelid crease incision is then made, with 

continued dissection superiorly to allow direct visualization of the supraorbital nerve at its 

exit point at the rim. The deep branch, which has a more reliable course and has more 

densely populated nerve axons, is dissected with the aid of an endoscope for a total of about 

7–9 cm [54]. For ipsilateral transfers, dissection of the entire length of the donor nerve 

segment can be achieved through the upper lid incision only. It is then transected and 

tunneled to the affected cornea. Either an ipsilateral or contralateral supraorbital nerve can 

be used depending on the preoperative sensibility testing. The ipsilateral infraorbital nerve 

can also be used as long as pre-op testing shows intact sensation, in which case, about 4–5 

cm of nerve length is needed to transfer directly to the corneal limbus [5,55].

VI.A.3. Direct transfer considerations

While initial cases reported objective improvement of sensibility at an average of 2.8 years, 

others have observed evidence of objective improvement by 3–8 months post direct transfer 

[1,5,8,53,55–57]. The small number of cases reported in the literature thus far limits the 
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conclusions that can be drawn. However, denervation time does not appear to influence the 

success rate or recovery time. Majority of reported cases have shown success in improving 

corneal sensation, reducing corneal neovascularization and opacity, and/or reducing Mackie 

score (see section below).

Despite transection of the supratrochlear and supraorbital nerve branches, numbness of the 

forehead resolved over a median of 3–9 months in all cases, likely because of collaterals 

from intact branches. Rare but possible adverse effects include subgaleal hematoma and 

development of a neuroma, scarring at the incision site, and alopecia from coronal incisions. 

Bony overgrowth at the supraorbital notch was reported in 1 case [1,5].

VI.B.1. Indirect transfer with interpositional nerve autograft

Interpositional nerve autografts have been successfully used to connect donor nerve to the 

affected cornea. Second site locations for harvest include the purely sensory sural nerve, 

great auricular nerve, and lateral antebrachial cutaneous nerve [15,56,58–65]. Most 

commonly, the contralateral supratrochlear nerve has been accessed by a sub-brow or eyelid 

crease incision and dissection to the superior orbital rim (Figure 2). The supraorbital nerve 

or infraorbital nerve can also be used [63] (Video 2). If the nerve is small, an ETE coaptation 

can be made between the transected donor nerve and the harvested autograft. Alternatively, 

an epineurial window could be created for ETS coaptation. Typically, a harvested autograft 

must be 10–15 cm or longer to enable tension-free anastomosis and promote nerve sprouting 

[58,60,66]. If the contralateral side is used, the autograft is tunneled to the affected side and 

passed through an eyelid crease incision, with or without a protective sheath [67]. This is 

then tunneled to the superior conjunctival fornix onto the bulbar conjunctiva. The 

epineurium of the autograft is then opened, and the fascicles dissected (typically 4–8) 

[56,58,59,62] (Figure 1). A superior bulbar conjunctival incision is created for perilimbal 

positioning of the dissected fascicles. Both sutures and corneoscleral tunneling have been 

described as methods to secure the fascicles, after which point the conjunctiva is closed over 

the fascicles to minimize desiccation, scarring, and inflammation [15,58–60].

VI.B.2. Indirect transfer with interpositional processed nerve allograft

Another technique that has been described is the use of a processed nerve allograft as a 

substitute for an autograft [57,75]. The caliber of the allograft as well as the donor nerve can 

vary, but both ETE and ETS neurorrhaphies have been described from the ipsilateral or 

contralateral supraorbital, supratrochlear, or infraorbital nerves [57,75]. Access to the 

infraorbital nerve can be achieved by a transconjunctival fornix approach and unroofing of 

the infraorbital canal to expose the infraorbital nerve for ETS anastomosis. For anastomoses, 

a nerve connector can be used, and is theorized to protect the neurorrhaphy [57]. The 

epineurium of the allograft is similarly opened, the fascicles divided, and secured to the 

sclera in the perilimbal region.

VI.B.3. Indirect transfer considerations

Following the indirect nerve transfer method, subjective improvement in sensation has been 

reported as early as 1-month post-op, with the majority of cases showing objective 

improvement in corneal function by 6–9 months. Reports note the importance of continuing 
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topical treatment during the recovery period even after the return of corneal sensation [15]. 

In the early stages of recovery, worsening discomfort in the affected eye may occur as the 

damaged epithelium of the cornea begins to be reinnervated [58,59]. Referred sensation to 

the site of the donor nerve upon stimulation of the cornea may also occur early on in the 

post-operative period [57,58]. This typically resolves within 3–6 months, although a 10-year 

period of ocular discomfort has been reported in one case [58,59]. Numbness in the donor 

nerve territory improved in all reported cases described over the course of 3–6 months. 

Similarly, numbness at the secondary harvest site either improved with time or was tolerable 

[56,58,64,65]. Other uncommon complications include hyperesthesia, neuropathic pain, and 

significant scarring.

There is increasing evidence that processed nerve allografts are viable alternatives to nerve 

autografts in corneal neurotization. A multicenter retrospective study using processed nerve 

allografts reported similar time course and level of sensation return compared to the use of 

autografts, with a mean time to first gain of sensation of 3.7 months and maximal gain of 6.6 

months [75]. Comparable outcomes were achieved with ETE and ETS coaptations, as well 

as location and laterality of donor nerve [75].

VI.C. Surgical considerations:

Choice of approach needs to be individualized when considering surgical repair, and takes 

into account donor nerve sensory function, nerve caliber and axon count, anatomical 

proximity to the recipient cornea, surgeon’s preference, and the surgical accessibility.

Pre-operative sensation testing should include the supraorbital nerve (supplies the skin of the 

lateral forehead, anterior hair bearing scalp, and upper eyelid, as well as the conjunctiva of 

the upper eyelid), the supratrochlear nerve (supplies the medial portion of the forehead and 

upper eyelid and the bridge of the nose), and the infraorbital nerve (supplies the skin of the 

cheek, upper lip, lateral aspect of the nose, and upper gingiva and teeth). If the function of 

these nerves is decreased or absent, additional testing should be performed to check the skin 

innervation by the ipsilateral greater auricular nerve which supplies the skin inferior to the 

external auditory meatus including the mastoid process and parotid gland regions. 

Neurotrophic keratopathy due to a localized, ocular cause, may still exhibit intact sensation 

in the V1 distribution on the same side of the anesthetic cornea so that ipsilateral 

supraorbital or supratrochlear nerves may still be considered, while a more central cause 

may not, in which case a contralateral donor nerve may be required [6].

Other considerations for donor nerve selection include the distance from donor to the 

affected cornea and the nerve caliber and axon count (Figure 2). Matching donor and graft 

caliber aids coaptation [57]. The supraorbital nerve, with approximately 6000 myelinated 

axons exiting at the supraorbital rim, and the infraorbital nerve are closest to an ipsilaterally 

affected cornea, and are also of larger caliber and have a more consistent anatomical path 

than the supratrochlear nerve (approximately 2500 myelinated axons at the orbital rim) [54].

The surgical approach to the supraorbital and supratrochlear nerves are through an upper lid 

crease or sub brow incision, while isolation of the infraorbital nerve requires an inferior 

orbitotomy and unroofing of the infraorbital canal to expose the nerve. An ETS coaptation is 
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typically done if the infraorbital nerve is selected, given the significant morbidity upon 

neurotmesis (Video 2) [57].

A couple theories of the mechanism of reinnervation has been proposed – a paracrine-like 

release of nerve growth factors provided by the donor nerve and direct sprouting of axons 

[1,68]. As nerve growth occurs at a rate of up to 1 mm/day, a paracrine-like effect was 

proposed to explain the relatively fast subjective recovery in many patients [68]. Several 

lines of evidence however support the second theory of direct axonal sprouting. Clinically, 

stimulation of the affected cornea triggered a referred tactile sensation in the contralateral 

donor nerve territory [58]. On magnetoencephalography, stimulation of the operated cornea 

evoked a response in the area of the brain corresponding to the location of the contralateral 

donor nerve, and not the ipsilateral trigeminal nerve [15]. Lastly, labeled corneal nerves post 

neurotization traced back to the contralateral donor nerve in a rat model, suggesting a 

continuous axonal connection to the donor neurons [14].

Given the supporting evidence for direct axonal sprouting, limiting the distance between the 

donor nerve and the affected cornea ideally minimizes the distance that the newly sprouted 

nerves have to travel. Indeed, gap length is correlated with recovery time in peripheral nerve 

repair [31,69]. Fibrin tissue glue with synthetic nerve conduits, and/or amniotic membrane 

wraps, have been used in the literature to help optimize nerve regeneration at the site of the 

neurorrhaphy [13,30,57,60,67,76,77]. Based on animal studies suggesting improved 

outcomes, amniotic membrane wraps have been used to reduce inflammation and scarring at 

coaptation sites, as well as protecting these sites to prevent potential aberrant axonal escape, 

which can cause neuromas [13,18,57,67,78,79].

VII. OUTCOMES OF CORNEAL RE-INNERVATION

Direct and indirect corneal neurotization methods have both shown high rates of recovery of 

corneal defects [70,76]. On the Mackie grading scale for neurotrophic keratopathy, a 

statistically significant mean improvement from grade 2.46 +/− 0.77 to 0.86 +/−0.79 pre and 

post neurotization is noted in a recent meta-analysis, with improvements seen typically 

within the first 6 months and may continue to progress [11,15,70,74]. There appears to be no 

significant long-term difference in these outcome measures, and selection of the surgical 

technique should be made based on each patient’s individual needs and surgeon’s experience 

[70,76].

VII.A. Return of Sensation

Whereas corneal sensation does not return with topical recombinant human nerve growth 

factor, a significant degree of sensation does return with corneal neurotization. In a 

prospective comparative case series, successful reinnervation was observed in 80% for direct 

and 83% for indirect neurotization [70]. Subjective perception of sensation occurs earlier 

than objective improvement by esthesiometry measurement [1]. Patients report pain and 

discomfort starting several weeks after the operation, whereas objective improvement is 

documented after around 5–6 months [1,8,59,65,71]. Improvements continue for about a 

year after the procedure, though a longer time course has been reported in earlier studies 

[1,8]. Return of sensation is significant, though not complete compared to the contralateral 
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cornea [65,71]. More long-term studies are needed, but the duration of effect appears to be 

strong [1].

VII.B. Corneal Morphologic Changes

In the cornea, nerve bundles divide multiple times before entering the corneal stroma 

radially and then move to the most superficial layers ending in free nerve endings (Figure 3). 

These provide afferent input for blinking and lacrimal reflex as well as the neurotrophic 

factors for corneal growth and homeostasis [11,65]. The number and density of subbasal 

nerves are correlated with corneal sensitivity [12,72]. Additionally, the distance of the 

injured nerve to the healthy nerve graft (or distal nerve) has been shown to affect the speed 

of corneal recovery. An explanation for this may be due to the migration of trophic factors 

which aid healing process, as studies have previously noted that nerves regenerate 

predominantly in the corneal periphery [15,65,68,71,73].

A rat model of corneal neurotization showed a significant increase in central corneal nerve 

density in the subbasal and stromal nerve plexus from regeneration post-procedure [15]. 

Similar changes in the subbasal nerve plexus have also been seen in a human study using 

confocal microscopy, starting as early as 3 months post neurotization with progressive 

improvement seen over the course of 3–6 months before stabilizing [65]. In this study, there 

was a lag in the detection of corneal sensation at 6–8 months after first nerve fibers become 

visible on confocal microscopy, suggesting that time is needed to establish neural 

connections with the somatosensory cortex [65]. However, blinking reflex was not restored 

after neurotization.

Some structural differences between normal and post-neurotization corneas were noted from 

the rat study. Post-procedure, density was not as uniformly seen throughout the cornea, 

axons were thinner, and there was no restoration of the characteristic whorl pattern of the 

subbasal plexus [15]. After neurotization, a larger number of myelinated fibers were shown 

to be present, in contrast to the unmyelinated C fibers that are typical for an uninjured 

cornea [15].

VII.C. Visual Prognosis

Improvement in visual acuity after corneal neurotization is mostly limited by corneal 

scarring, amblyopia, and other underlying ocular conditions [15,16,57,62]. Therefore, some 

authors advocate performing corneal neurotization at earlier stages of neurotrophic 

keratopathy before irreversible corneal scarring and amblyopia (in children) sets in 

[2,16,31]. Age appears to be correlated with final visual acuity and reestablishment of 

corneal sensation, with those younger than 18 years old demonstrating faster and more 

complete recovery [16] (Figure 4). Successful corneal transplants after neurotization have 

been performed simultaneously with corneal neurotization, though most surgeons wait at 

least 2 years [5,15,63,71]. In the few cases that have been reported, complete re-

epithelization was achieved in 4–12 weeks after surgery, and return of central corneal 

sensation to pre-transplant levels was achieved in 6–12 months [5,15,63,71]. Reported 

complications include transient epithelial defects and bacterial keratopathy.
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Topical recombinant human nerve growth factor is an alternative treatment option for 

neurotrophic corneas. The REPARO trial included patients with Mackie stage 2–3 

neurotrophic corneas [27]. 76% of the patients showed complete resolution of their epithelial 

defects as opposed to 54% in the placebo group. The rate of recurrence after complete 

healing was 3.4–3.6% at 48-week follow up after treatment, compared to 4.8% recurrence in 

the placebo-treated group. Corneal sensation testing did not show statistical significance 

compared to the control group. Thus, corneal neurotization may offer a more permanent 

solution, though long-term studies are needed to understand the changes that occur in 

sensation over time [27].

VIII. CORNEAL NEUROTIZATION IN POST-HERPETIC NEUROTROPHIC 

KERATOPATHY

A growing body of literature has sought to address the role of corneal neurotization in the 

treatment of neurotrophic keratopathy caused by herpetic infection. To limit the risks of 

reactivation and reinfection, immediate pre-operative and post-operative administration of 

treatment dose antivirals is recommended, followed by extended lifelong prophylactic 

dosing [2]. There are no reports of reactivation to date. Both intact ipsilateral and 

contralateral donor nerves have been used with similar success. Direct or indirect methods 

are both similarly effective [2,56,60,64]. In a series with long denervation time (average 15.2 

years), 78% showed resolution of presenting corneal pathology, with a shift from 70% of 

patients presenting initially with Mackie stage III to 53% with Mackie stage I post-

operatively [56]. In a series with shorter denervation times (83% of cases less than 2 years), 

significant improvements in corneal sensation were seen at 3 months post op with maximal 

potential achieved in most by 6 months post op [2]. Recurrence of persistent epithelial defect 

occurred occasionally, but resolved with traditional management [2,56]. Majority of the 

persistent epithelial defects occurred within the first 6 months of corneal neurotization 

before re-establishment of protective corneal sensation. As in many cases described, visual 

acuity was often limited by other ocular comorbidities. Optimal timing of surgery is still a 

matter of debate. When the eye is free from reactivation and is stable, earlier intervention 

may halt progressive disease and can potentially improve visual outcomes [2].

IX. FUTURE DIRECTIONS

In the short time that corneal neurotization has become an option in the treatment of 

neurotrophic corneas, significant advances have been made to the surgical technique and 

understanding of the mechanism of action. There are still many unanswered questions 

regarding the long-term durability of corneal sensation and repair mechanisms. Additionally, 

optimal timing, risk of reactivation, and antiviral regimen of corneal neurotization in 

herpetic cases still need to be addressed. The effect of human recombinant nerve growth 

factor in promoting nerve growth post neurotization is also unclear. Further research into 

these areas will help provide better treatment options for this difficult to treat condition.
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Figure 1. 
A model of end-to-end (ETE) and end-to-side (ETS) anastomosis commonly used in nerve 

repair. For the ETS, a window is created in the epineurium prior to the anastomosis.
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Figure 2. 
Common sites for direct and indirect corneal neurotization. Donor sites include supraorbital, 

supratrochlear, infraorbital, and great auricular nerves. The supraorbital nerve exits at the 

superior orbital rim lateral to the supratrochlear nerve and has a larger caliber (upper inset). 

The deep branch of the supraorbital nerve has a more consistent course. In the case of direct 

nerve transfer, coronal incisions (in red, labeled “A”), or minimally invasive endoscopic 

incisions are made. For indirect nerve transfers, the exit site of the donor nerve is exposed 

(for example by an eyelid crease incision in red, labeled “B”), and the nerve graft is 

anastomosed to the donor by an end-to-end or end-to-side approach (lower inset). Selection 

of contralateral or ipsilateral donor sites depends on the availability and condition of sensate 

nerves.
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Figure 3. 
Model of reinnervation post corneal neurotization based on current research. A. The cornea 

is innervated by ciliary nerves. Nerve bundles divide before entering the corneal stroma 

radially in a whorl-like pattern, and progressively move superficially as the subbasal nerve 

plexus, and ending in free nerve endings in the epithelium, where neurotrophic factors are 

secreted. B. Model of corneal structural changes after corneal neurotization. There is 

regrowth of subepithelial and stromal nerves, but nerve density throughout the cornea is not 

as uniform, and there is loss of the characteristic whorl pattern [15,65]. Axons are thinner, 

and a larger number of myelinated fibers are present, as opposed to the unmyelinated fibers 

typically found in the uninjured cornea.
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Figure 4. 
Pre- and post-operative images of patients who have undergone corneal neurotization 

surgery.

(A) 5-year-old boy with a 2-year history of corneal denervation, seen prior to minimally 

invasive direct corneal neurotization and (B) 11 months post-op.

(C) A 63-year-old male with ocular history that includes glaucoma with multiple drainage 

devices, type 2 diabetes mellitus with proliferative diabetic retinopathy status post panretinal 

photocoagulation, and severe dry eye syndrome, seen prior to corneal neurotization with 

end-to-side coaptation with diffuse lysamine green staining and (D) 6 months after indirect 

infraorbital nerve transfer, showing clear cornea without epithelial defects.

(E) An 86-year-old woman with herpes zoster keratitis and supraorbital postherpetic 

neuralgia, seen prior to minimally invasive direct corneal neurotization, and (F) 15 months 

post-op.
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This figure was adapted from a previous publication in Ophthalmic Plastic and 

Reconstructive Surgery, volume 56, Wisely CE et al., Clinical and morphologic outcomes of 

minimally invasive direct corneal neurotization, copyright Wolters Kluwer Health, Inc., 

2020.
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Video 1. 
Minimally invasive direct nerve transfer of the contralateral supraorbital nerve.

This video was published in Ophthalmic Plastic and Reconstructive Surgery, volume 56, 

Wisely CE et al., Clinical and morphologic outcomes of minimally invasive direct corneal 

neurotization, copyright Wolters Kluwer Health, Inc., 2020.
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Video 2. 
Indirect nerve transfer using the ipsilateral infraorbital donor nerve and a sural nerve 

autograft.

Liu et al. Page 23

Ocul Surf. Author manuscript; available in PMC 2021 May 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	INTRODUCTION
	METHODS
	PATHOPHYSIOLOGY OF NEUROTROPHIC CORNEA
	LESSONS FROM PERIPHERAL NERVE REPAIR
	CORNEAL NEUROTIZATION TECHNIQUES
	Open direct transfer
	Endoscopic and minimally invasive direct transfer
	Direct transfer considerations
	Indirect transfer with interpositional nerve autograft
	Indirect transfer with interpositional processed nerve allograft
	Indirect transfer considerations
	Surgical considerations:

	OUTCOMES OF CORNEAL RE-INNERVATION
	Return of Sensation
	Corneal Morphologic Changes
	Visual Prognosis

	CORNEAL NEUROTIZATION IN POST-HERPETIC NEUROTROPHIC KERATOPATHY
	FUTURE DIRECTIONS
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Video 1.
	Video 2.

