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Aims: To quantify and establish baseline normative data for age-related differences in cellular and
innervation density in the normal, healthy, human cornea using laser scanning in vivo confocal microscopy.
Methods: Cross-sectional study of 85 normal subjects assessed via corneal topography and laser scanning in
vivo confocal microscopy.

Results: Mean age was 38+ 16 years (range 18-87 years) and 60% of subjects were female. Anterior
keratocyte density declined by 0.9% per year (r=—0.423, p<<0.001), posterior keratocyte density declined
by 0.3% per year (r=—0.250, p=0.021) and endothelial cell density declined by 0.5% per year
(r=—0.615, p<0.001). Sub-basal nerve fibre density declined by 0.9% per year (r=—0.423, p<0.001).
No association was observed between age and basal epithelial cell density, or between age and central
corneal thickness, corneal astigmatism or horizontal corneal diameter (p>0.05). No association was
observed between subject gender and corneal cell or innervation density.

Conclusions: Using laser scanning in vivo confocal microscopy this study highlights a significant, and
relatively linear, reduction in keratocyte and endothelial cell density with increasing subject age. Interestingly,
corneal sub-basal nerve fibre density also significantly decreases with increasing age. In vivo laser scanning
confocal microscopy provides a safe, non-invasive method for the establishment of normative data and

cornea and has been associated with corneal steepening, a

shift from with-the-rule to against-the-rule astigmatism
and increased thickness of Descemet’s membrane.' Corneal
wound healing has been observed to decline with age and age
affects refractive outcomes and final visual acuity following laser
refractive surgery.”” Specular microscopy has demonstrated a
gradual decrease in endothelial cell density with age, accompanied
by an increase in endothelial cell size, increased coefficient of
variation and a decreased proportion of hexagonal cells,® but, until
relatively recently, visualisation of other cell layers in the living
human cornea has remained elusive. Over the past decade, the
introduction of in vivo confocal microscopy has provided a new
method for corneal examination at high resolution in living
patients through optical sectioning. This technique has enabled
microstructural analysis of the normal human cornea, under more
physiological conditions than previously possible.”

The aim of this study was to use a laser scanning in vivo
confocal microscope to quantitatively analyse the basal
epithelium, stroma, endothelium and sub-basal nerve plexus
in the normal human cornea across a broad age range.

ﬁ ging generates structural and functional changes in the

MATERIALS AND METHODS

Subject recruitment and assessment

A total of 85 normal subjects were prospectively recruited from
the Department of Ophthalmology, Auckland City Hospital and
analysed in the Department of Ophthalmology, University of
Auckland. Subjects were invited to participate if they were aged
16 years or over, with the following as criteria for exclusion:
history of ocular surgery, current or long-term prior topical
ocular medication, previous or active ocular pathology (other
than refractive error) and prior contact lens wear. Study
protocol required parental consent for subjects aged under
18 years. Prescription systemic medications were not exclusion
criteria unless they were known to affect the cornea or anterior
segment. All subjects were examined by high-magnification slit

assessment of alterations in human corneal microstructure following surgery or disease processes.

lamp biomicroscopy and their corneas were confirmed to be
clinically normal prior to inclusion in the study. Corneal
topography and central corneal thickness were measured using
the Orbscan II slit-scanning elevation topography system
(Bausch & Lomb Surgical, Rochester, New York, USA).

This study received approval from the Auckland Ethics
Committee and adhered to the tenets of the Declaration of
Helsinki. Written informed consent was obtained from all subjects
following detailed explanation of the nature of the study.

Measurements were performed using a calliper tool (analySIS
V.3.1, Soft Imaging System, Miinster, Germany). For all basal
epithelial and endothelial pictures a standard central counting
frame size of 200 um %200 pm was used. This counting frame
was applied to the centre of the confocal image and the position
was constant for every image analysed. For all sub-basal nerve
plexus and stromal images the full 400 um %400 um frame was
used. Keratocyte cell density was assessed by counting all bright
images with clear borders within the counting frame. Nerve fibre
density (NFD) was assessed by measuring the total length of all
nerve fibres and branches per square millimetre.

In vivo confocal microscopy

Laser scanning in vivo confocal microscopy was performed on
all subjects with the HRT II corneal module that uses a 670 nm
red wavelength diode laser source (Heidelberg Retina
Tomograph II Rostock Corneal Module (RCM); Heidelberg
Engineering GmbH, Heidelberg, Germany). A 60x objective
water immersion lens with a numerical aperture of 0.9
(Olympus, Tokyo, Japan) and a working distance, relative to
the applanating cap, of 0.0-3.0 mm was used. The images
produced using this lens are 400 pm X400 pm and the
manufacturer quotes the transverse resolution and optical

Abbreviations: LASIK, laser-assisted in-situ keratomileusis; NFD, nerve
fibre density,' PRK, phoforefmcﬁve kerofec'romy,' RCM, Rostock corneal
module
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section thickness as 2 pm and 4 pm, respectively. The RCM
uses an entirely digital capture system.

The central cornea of the right eye was examined in each
subject. Each eye was anaesthetised with one drop of 0.4%
benoxinate hydrochloride (Chauvin Pharmaceuticals, Surrey,
UK). Viscotears (Carbomer 980, 0.2%; Novartis, North Ryde,
New South Wales, Australia) was used as a coupling agent
between the applanating lens and the cornea. All subjects were
asked to fixate on a distance target aligned to enable examination
of the central cornea. The full thickness of the central cornea was
scanned using the device’s ““section” mode. The total duration of
in vivo confocal examination was approximately 2 min/eye. None
of the subjects experienced any visual symptoms or corneal
complications as a result of the examination.
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Figure 1 Laser scanning in vivo confocal
microscopy of the normal human cornea
demonstrating characteristic features.
Images cropped to 250 um %250 pm.

Image analysis

For each cornea, three images were taken from each of the
following levels; basal epithelium, sub-basal nerve plexus,
anterior stroma, mid stroma, posterior stroma and endothe-
lium (fig 1). Anterior stroma was defined as the first three
clear images (without motion blur or compression lines)
immediately posterior to Bowman’s layer, posterior stroma
was defined as the first three clear images immediately
anterior to Descemet’s membrane and mid stroma was
defined as three images equidistant from Bowman’s layer
and Descemet’s membrane in the full thickness section. The z
distance between images was 2 pm. All images were subse-
quently randomised and encoded by a single independent
observer (DP).
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