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S
urgical procedures that
compromise the integrity
of the corneal surface dis-
rupt the nerves that supply

sensation to this vital refractive
tissue, often resulting in varying
symptoms of irritation that are
interpreted, sometimes erro-
neously,1,2 as postoperative dry
eye. Surgeons have attempted,
with little success, to influence the
effect of LASIK on stromal and
subbasal nerve fibers by altering
the position of the flap’s hinge.3-7

Despite the preservation of nerves
inside the hinge, the remaining
subbasal nerves are cut at the
flap’s margin. 

During PRK, surgeons destroy the subbasal plexus when
they ablate the cornea with the excimer laser. Patients
regain corneal sensation only after the nerves regenerate.
One study in rabbits suggests that the topical application
of nerve growth factor8 could expedite corneal re-innerva-
tion, but the results are very preliminary. 

For the past several years, William M. Bourne, MD,
and his colleagues at the Mayo Clinic in Rochester,
Minnesota, have followed a series of patients who un-
derwent LASIK (n = 16) or PRK (n = 18) to determine
how quickly their corneal nerves regenerate and to what
extent the choice of procedure affects the rate of recov-

ery. Dr. Bourne presented the 5-year results of this longi-
tudinal study in Fort Lauderdale, Florida, during the 7th
International Congress on Advanced Surface Ablation
and SBK.9 This article describes Dr. Bourne’s in vivo
method for imaging the subbasal corneal nerves and
how he is using it to evaluate their rate of recovery after
PRK and LASIK. 

QUANTIF YING THE DENSITY 
OF CORNE AL NERVE S

To assess the effect of keratorefractive surgery on the
regeneration of corneal nerves, Dr. Bourne and his col-
leagues examined each patient in their prospective,
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Figure 1. Tandem scanning confocal microscopy of the cornea shows the nerve fiber bun-

dles that compose the subbasal plexus (A).To calculate the density of subbasal nerves in a

given area of the cornea, Dr. Bourne and his colleagues traced the visible structures with

the NeuronJ analysis program (B) and divided their length (micrometers) by the area of

the image (0.166 mm2).

A B



AUGUST 2008 I CATARACT & REFRACTIVE SURGERY TODAY I 45

COVER STORY

nonrandomized clinical trial with a tandem scanning
confocal microscope preoperatively and at predeter-
mined postoperative intervals (1, 3, and 6 months and
1, 2, 3, and 5 years). This device captures digital images
of the subbasal nerve plexus (Figure 1A). After obtain-
ing three to six scans of each patient’s central cornea,
the investigators traced the length of the visible nerve
fibers with the NeuronJ analysis program (available at
http://www.imagescience.org/meijering/software/
neuronj/) (Figure 1B) and used this information to cal-
culate the mean density of subbasal nerves in each
image (µm/mm2). 

TR ACKING THE REGENER ATION OF
CORNE AL NERVE S

Immediately postoperatively, Dr. Bourne and his col-
leagues observed an almost complete absence of corneal
subbasal nerves in both treatment groups10 (Figure 2).
By 1 year postoperatively, the subbasal nerves had recov-
ered to approximately 50% of their preoperative density
in both groups. After 2 years, however, the subbasal
nerves had returned nearly to their preoperative density
(approximately 92%) only in the patients who had un-
dergone PRK. After LASIK, Dr. Bourne noted, the sub-
basal nerves regenerated slowly and only approached
approximately 80% of their preoperative levels by 5 years
postoperatively.11

The reason for the differing rates of recovery between
LASIK and PRK is unknown. Dr. Bourne and his colleagues,
however, propose that the process takes longer after
LASIK, because the severed nerves must pass through the
denervated corneal flap before they can establish a new
subbasal plexus. In contrast, Dr. Bourne noted, the severed

nerves are already near the newly
created epithelial-stromal inter-
face after PRK. They therefore
encounter fewer obstacles as they
regenerate and re-innervate the
corneal surface.

CONCLUSION
Despite their successful use of

tandem scanning confocal mi-
croscopy to image the corneal
subbasal plexus and their subse-
quent quantification of the den-
sity of corneal nerves before
and after keratorefractive sur-
gery, Dr. Bourne and his col-
leagues emphasized that mor-
phology does not equal func-
tion. Tandem scanning confocal

microscopy only shows the distribution and density of
subbasal nerves in the cornea, he stated; it does not
necessarily provide information about the regenerated
nerves’ ability to regulate the production of tears or
supply sensory feedback. ■
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Figure 2. By 5 years postoperatively, the subbasal nerves of patients who underwent

PRK had returned to approximately 87% of their preoperative density versus approxi-

mately 80% in patients who underwent LASIK. Neither value was significantly different

from the preoperative density.


