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ABSTRACT

Purpose: Neurotrophic keratopathy is a degenerative disease characterized by damage to the corneal nerves
leading to corneal hypoesthesia and anaesthesia. The resultant progressive visual deterioration is refractory to
existing conventional treatment options. Corneal neurotization is a novel and effective surgical procedure that
directly targets the underlying pathology of nerve loss by stimulating new corneal nerve growth. This study
reports the outcomes and the pre- and postoperative in vivo confocal microscopy findings of the first published
Australian case of indirect, minimally invasive, corneal neurotization using an ipsilateral sural nerve autograft.
Observations: An 11-year-old boy developed corneal hypoesthesia in the left eye following surgical debulking of a
cerebellopontine angle arachnoid cyst. He was diagnosed with Mackie Stage 1 neurotrophic keratopathy. Due to
his hypoesthesia, he had developed recurrent microbial keratitis and corneal ulceration secondary to foreign
bodies sustained during contact sports. At presentation, he reported photophobia and dry eye symptoms,
corrected-distance visual acuity was 6/18, Cochet-Bonnet aesthesiometer demonstrated reduced corneal sensa-
tion (5-15mm), Schirmer’s I test was 15mm, and in vivo confocal microscopy showed a complete absence of a
subepithelial corneal plexus. He underwent indirect, minimally invasive, corneal neurotization using the ipsi-
lateral supratrochlear nerve and a sural nerve autograft. Subjective improvement in corneal sensation was
noticed by the patient at 2 months. Objective improvement, measured on Cochet-Bonnet aesthesiometer, was
first observed at 6 months with steady stepwise improvement to 20-35mm at 21 months. Importantly, due to the
increase in corneal sensation, the patient did not develop any further corneal complications. At 12 months, dry
eye symptoms resolved and Schirmer’s I test improved to 30mm. At 15 months, corrected-distance visual acuity
improved to 6/5 and in vivo confocal microscopy demonstrated evidence of corneal reinnervation with nerves
running through the subepithelial space surrounded by healthy and active keratocytes.

Conclusions and importance: Corneal neurotization represents an exciting development in the armamentarium for
the treatment of neurotrophic keratopathy and can be considered for younger patients with early-stage disease.

1. Introduction

neurotization has been increasingly used in early-stage neurotrophic
keratopathy and can restore the protective corneal sensation and

Corneal neurotization represents a novel and effective surgical pro-
cedure that targets the underlying neuropathology of neurotrophic
keratopathy. Neurotrophic keratopathy is a degenerative disease char-
acterized by damage to the corneal nerves leading to corneal hypo-
esthesia and anaesthesia.! This loss of corneal sensation and trophic
support for the corneal epithelium results in progressive visual deteri-
oration refractory to conventional treatment options. Corneal

nerve-derived trophic support by inducing corneal nerve reinnervation
from nearby nerves transferred to the perilimbal region.z’5 Several
surgical techniques using an intact donor sensory nerve, indirect inter-
positional nerve graft (autograft or allograft), on the ipsilateral or
contralateral side have been described.’

This study reports the outcomes of the first published Australian case
of indirect, minimally invasive, corneal neurotization using an
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ipsilateral sural nerve autograft. A surgical video of the procedure,
clinical outcomes, and pre- and postoperative in vivo confocal micro-
scopy findings are provided.

2. Case report

An 11-year-old male developed corneal hypoesthesia in the left eye
following surgical debulking of a cerebellopontine angle arachnoid cyst
2 years prior. He had a congenital left ptosis of 3-4mm with 4mm of
levator function which had been refractory to an upper lid brow sus-
pension at age 4 and silicone brow suspension at age 6. The other
branches of the ipsilateral and contralateral trigeminal nerve were
functional on preoperative sensory testing (Semmes-Weinstein mono-
filament). The patient was passionate about contact sports but was un-
able to adequately protect his left eye due to the corneal hypoesthesia.
He was commenced on an intensive artificial tear regime but despite
this, he developed recurrent microbial keratitis and corneal ulceration
secondary to foreign bodies. At presentation, he reported photophobia
and dry eye symptoms. Corrected-distance visual acuity was 6/18 in the
affected left eye, and 6/4 in the right. Slit-lamp examination demon-
strated an adequate tear lake and marked punctate epithelial erosions in
the left eye consistent with Mackie Stage 1 neurotrophic keratopathy.
There were no corneal opacities or scars observed. A Cochet-Bonnet
aesthesiometer demonstrated reduced corneal sensation in the left
cornea (5mm centrally, superiorly, nasally, temporally; 15mm inferi-
orly), compared to the right (60mm centrally and in all four quadrants),
and Schirmer’s I was 15mm compared to 25mm, respectively. Preop-
erative in vivo confocal microscopy demonstrated complete absence of a
subepithelial corneal plexus in the affected eye (Fig. 1A).

To reduce the risk of further complications, and in view of the pa-
tient’s insistence on continuing his passion for sport, the patient un-
derwent elective ipsilateral indirect corneal neurotization using a sural
nerve autograft. Under general anaesthesia, the ipsilateral supra-
trochlear nerve was exposed using a 20mm medial infra-brow incision.
A left sural nerve graft measuring 75mm in length was harvested. The
sural nerve was split lengthwise into two halves, with half harvested. A
blepharotomy incision was then performed through the medial left
upper eyelid, and the distal sural nerve stump delivered to the superior
perilimbal space through sub-Tenon’s space using a Wright needle,
which passed smoothly. The distal sural nerve epineurium was then
dissected, and the fascicles separated and secured within 400-pm depth
scleral tunnels, created with a 400-pm ophthalmic Feather® blade, using

Fig. 1a. Preoperative in vivo confocal microscopy of the left eye affected by
neurotrophic keratopathy demonstrating complete absence of a subepithelial
corneal plexus or nerve fibers within the subepithelial space (Confoscan4,
NIDEK technologies, Fremont, CA).
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10-0 vicryl sutures. Concurrently, forced duction testing was completed
to assess tethering of the globe. Finally, the nerve graft was anastomosed
end-to-end with the supratrochlear nerve using 10-0 nylon and fibrin
glue (Tisseel, Baxter). A temporary tarsorrhaphy and eye patching was
completed for protection; the patch was removed the following day, and
the tarsorrhaphy at 2 weeks. An edited video of the procedure is
included (Supplementary Material 1).

No surgical complications relating to the eye or sural nerve harvest
occurred postoperatively. The patient developed general-anaesthesia-
induced priapism on day 1 which required insertion of a shunt. Regu-
lar chloramphenicol and dexamethasone eye drops were prescribed. The
patient was reviewed at 2, 6, 9, 12, 15, and 21 months postoperatively.
The perilimbal corneal, upper lid, infrabrow and sural nerve site in-
cisions all healed with excellent cosmesis. At 2 months, there was sub-
jective improvement in corneal sensation. For the first time, the patient
was able to detect a “cold, wet liquid” sensation on administration of
lubricating drops. Objective improvement in corneal sensation was first
observed at 6 months, with steady stepwise improvement at 15 months
(10mm centrally; 15mm inferiorly; 20mm superiorly; 25mm tempo-
rally; 35mm nasally). The central corneal sensation improved to 20mm
at 21 months. Dry eye symptoms and corneal punctate changes resolved,
with Schirmer’s I improving to 30mm by 12 months. At 15 months,
corrected-distance visual acuity improved to 6/5 with subjective
refraction of —0.25/45.00x100, and in vivo confocal microscopy
demonstrated evidence of corneal reinnervation with a nerve fiber
running through the subepithelial space surrounded by healthy and
active keratocytes (Fig. 1B). Due to the increase in corneal sensation, the
patient did not develop any further episodes of corneal ulceration or
keratitis during follow up.

3. Discussion

Corneal sensation is supplied by the ophthalmic division of the tri-
geminal nerve, and therefore, neurotrophic keratopathy can arise from
several etiologies that cause disruption along the pathway from the
trigeminal nucleus to the terminal corneal nerve fibres.” Management of
neurotrophic keratopathy remains challenging and while conventional
treatment options may slow progression and promote healing, they do
not address the underlying pathology of the damaged trigeminal nerve.
Thus, loss of sensation and visual deterioration often persists.

Corneal neurotization represents a novel and effective surgical

Fig. 1b. Postoperative in vivo confocal microscopy of the left affected eye, 15
months after indirect corneal neurotization, demonstrating corneal reinnerva-
tion with a nerve fiber running through the subepithelial space (arrows) sur-
rounded by healthy and active keratocytes (arrowheads) (Confoscan4, NIDEK
technologies, Fremont, CA).
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treatment for neurotrophic keratopathy and is the only treatment that
addresses the underlying neuropathology by inducing reinnervation of
the cornea.>® Performing corneal neurotization in early-stage neuro-
trophic keratopathy in younger patients, before irreversible corneal
scarring or amblyopia has occurred, has been advocated by some au-
thors in order to facilitate better final visual outcomes.® Similar to our
case, corneal neurotization has been successfully used in early neuro-
trophic keratopathy in young patients.*® Undertaking this procedure
earlier provides advantages such as a faster rate and more complete
recovery of visual acuity and reestablishment of corneal sensation,
especially in patients under 18 years of age.® The clinical rationale of
performing corneal neurotization in our patient was to reinnervate the
cornea to protect against further corneal complications and to improve
his visual acuity to facilitate driving in the near future. The patient’s
younger age and early-stage disease, protection of the upper cornea by
ptosis, relative preservation of corneal sensation in the inferior cornea,
and stepwise improvement in corneal sensation after corneal neurot-
ization likely all contributed to the visual outcome.

Several neurotization techniques have been described including
direct and indirect methods, with both demonstrating significant
improvement in corneal sensation and visual acuity.‘w’8 The original
direct corneal neurotization techniques did not require the sacrifice of a
secondary nerve graft which reduced the donor-site morbidity.” How-
ever, these utilized larger incisions and often required extension
dissection of the primary nerve, necessitating prolonged operating time
and risk of scarring, postoperative hematoma, and alopecia.'® In com-
parison, indirect corneal neurotization can effectively restore sensation
in cases of bilateral corneal anaesthesia or unilateral neurotrophic ker-
atopathy where the contralateral nerves do not have intact sensation.
Disadvantages include possible damage to the donor or nerve graft
during harvesting or coaptation and reliance on successful axonal
regeneration at the coaptation site. Importantly, there appears to be no
significant difference between direct or indirect methods in outcomes
measures, and the choice of surgical technique should be based on pa-
tient factors, surgical experience, or available technologies.®” We uti-
lized an indirect, minimally invasive approach with a sural nerve
autograft, which has been demonstrated to be non-inferior to direct
surgical approaches. These endoscopic or minimally invasive techniques
are favored due to the benefits of decreased anaesthesia duration,
amount of scarring due to smaller incisions, and hospital costs.'! Limi-
tations include a steeper learning curve, need for specialized equipment,
and a greater nerve length required in endoscopic procedures to reach
the contralateral eye.®

The literature reports that in vivo confocal microscopy performed
preoperatively in eyes with neurotrophic keratopathy showed severe
deficiency in the sub-basal nerve plexus, corneal epithelium and stroma,
and the corneal endothelium. Whereas postoperative in vivo confocal
microscopy demonstrated substantial improvement in corneal nerve
parameters (fiber area, width, density and length, fractal dimension), as
early as 3 months, which eventually reached levels comparable to
healthy contralateral eyes.””>® Our case is consistent with the literature
and shows the presence of, previously absent, subepithelial corneal
nerve fibers and keratocytes following corneal neurotization. The exact
mechanism of reinnervation is yet to be elucidated but it has been
proposed to occur secondary to paracrine support provided by the
release of neurotrophic factors stimulated by the perilimbal nerve fas-
cicles.'? Reinnervation may also occur secondary to direct axonal
sprouting from the transposed nerve graft fascicles into the cornea.'’

Furthermore, visual rehabilitative procedures like keratoplasty sur-
gery have been successfully performed following corneal neurotization
with visual acuity remaining stable or improving with complete re-
epithelization by 4-12 weeks after surgery and return of corneal
sensation to pre-keratoplasty levels by 6-12 months.>® Keratoplasty
surgeries are typically performed 1-2 years after the original corneal
neurotization procedure to allow for substantial corneal reinnervation
and establishment of corneal sensation. The potential for visual
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rehabilitation post corneal neurotization provides further support for
considering this procedure on younger patients.

4. Conclusions

In summary, the recent advances in corneal neurotization present an
exciting development in the armamentarium for neurotrophic keratop-
athy. Without this definitive treatment, corneal anaesthesia is a lifelong
problem with only symptomatic treatment, with significant implications
on quality of life and vision. To the best of our knowledge, we report the
first published case of corneal neurotization performed in Australia
using an indirect minimally invasive sural nerve graft technique with
successful restoration of corneal sensation, ocular surface parameters,
and reinnervation demonstrated on in vivo confocal microscopy.
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