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Cornea and anterior eye assessment with slit lamp biomicroscopy, specular
microscopy, confocal microscopy, and ultrasound biomicroscopy

Raul Martin>3*

Current corneal assessment technologies make the process of corneal evaluation extremely fast and
simple, and several devices and technologies show signs that help in identification of different diseases
thereby, helping in diagnosis, management, and follow-up of patients. The purpose of this review is
to present and update readers on the evaluation of cornea and ocular surface. This first part reviews a
description of slit lamp biomicroscopy (SLB), endothelial specular microscopy, confocal microscopy, and
ultrasound biomicroscopy examination techniques and the second part describes the corneal topography
and tomography, providing up-to-date information on the clinical recommendations of these techniques
in eye care practice. Although the SLB is a traditional technique, it is of paramount importance in clinical
diagnosis and compulsory when an eye test is conducted in primary or specialist eye care practice.
Different techniques allow the early diagnosis of many diseases, especially when clinical signs have not
yet become apparent and visible with SLB. These techniques also allow for patient follow-up in several
clinical conditions or diseases, facilitating clinical decisions and improving knowledge regarding the
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corneal anatomy.
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Current corneal assessment technologies make the process
of corneal evaluation extremely fast and simple.!!) Corneal
assessment requires the use of several devices and technologies
to identify signs of disease, plan treatment, and assist in
follow-up visits to monitor changes

The most common device used in eye examinations
to explore the cornea is slit lamp biomicroscopy (SLB),
which allows for detailed anterior and posterior segment
assessment. However, sometimes, it is necessary to
conduct additional examinations involving endothelial
specular microscopy (SM), confocal microscopy (CM),
ultrasound biomicroscopy (UBM), corneal topography or
tomography (Placido disc, slit scanning, and/or Scheimpflug
imaging technologies) to conduct the final diagnosis or
complete the patients’ follow-up.

The purpose of this review is to present an update on the
evaluation of the cornea and ocular surface. This first part
reviews a description of SLB, endothelial SM, CM, and UBM
examination techniques, and in the second part, the corneal
topography and tomography will be described, providing
updated information on the clinical recommendations of these
techniques in eye care practice.
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Slit Lamp Biomicroscopy

SLB has been an essential device in eye care practice since the
beginning of the 20™ century. This instrument allows us to
identify different clinical situations, diagnose different corneal
or eye pathologies, complete the pre- and post-operative
assessment, and help in contact lens fitting and follow-up and
other such efforts.

SLB involves two major arms, which are able to rotate
independently abouta common axis. The firstis the observational
arm or microscope that allows the direct visualization of the
cornea with different magnifications (usually from x6 to x40,
with various steps or continuously variable in the case of zoom
optics). The microscope includes two individually adjustable
eyepieces (objective typically with x3 to x3.5 magnification)
to compensate for the examiner’s uncorrected spherical
ametropia. Nowadays, it is common for the observation
arm to include a digital camera, which is connected to a
computer to save patients” pictures or video. Second, SLB
has an independent illumination arm centered on the focal
plane of the microscope, which allows one to modify the
illumination angle with the observation arm, tilt of the light
beam, thickness of the beam, the level of illumination, and
also to introduce different filters, usually red-free (green),
useful to increase contrast in blood vessel or hemorrhages
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or to view Fleischer ring in keratoconus- and cobalt blue and
others (neutral density — useful to decrease brightness, for
example, in photosensitive patients, polarizing — reduce patient
discomfort).l4

Knowledge of the SLB components and controls is fundamental
to linking it with the anatomical structures to be observed and
choosing the best configurations of illumination (direct, indirect
or proximal, retro, and sclerotic scatter) and illumination
features [Table 1], thickness of the beam (wide beam, narrow beam
of approximately 1 mm parallelepiped or until almost closed
[0.1-0.4 mm] - optic section), shape of the beam (rectangular,
conical, or circular beam), angle between illumination and
magnification arms, and magnification.

Direct illumination (when the light is projected directly on
the point of interest) allows for different corneal assessment. For
example, the complete opening of the slit lamp beam with low
intensity to avoid dazzling the patient is recommended when
conducting a general overview with low magnification at the
beginning of the examination. This illumination is commonly
used in contact lens practice, with fluorescein and other vital
dyes (for example, in dry eye patient assessment, keratitis
diagnosis, and gas permeable contact lens fitting). However,
with narrow beam (parallelepiped or optical section), a more
detailed assessment of the cornea, lens, and media can be
completed [Fig. 1]. To complete a layer-by-layer viewing of the
cornea, it is recommended that one modify the angle between
illumination and observation arms.

Indirect illumination (when light is projected just
adjacent to the point of interest, which is illuminated by
scattered light) is usually conducted with narrow beam
to complete corneal dystrophies diagnosis, contact lens
complication (vascularization), limbic deficiency, and other
procedures. Slight side-to-side movements of the joystick
to compare the appearance of an area in direct and indirect
illumination are recommended for the detection and study
of structural details that may be “washed out” under direct
illumination.?!

Retroillumination (when light is reflected from the retina or
iris to illuminate the point of interest from behind) allows for
the detailed assessment of some corneal dystrophies (corneal
epithelial basement membrane dystrophies [also called
map-dot-fingerprint or Cogan dystrophy], Meesmann
dystrophy, Lattice corneal dystrophy), corneal edema, or blood
vessels (corneal pannus or limbal stem cell deficiency). This
technique allows opacity media assessment as well. A particular
type of retroillumination called marginal retroillumination is
useful for the observation of refractive abnormalities in the
cornea, such as epithelial microcysts or vacuoles.*?!

Specular reflection (specific parallelepiped when the angle
of the beam is equal to the microscope typically 40°-50° and
light is moved until a very bright reflex is obtained) is generally
used to visualize tear film (lipid layer) or endothelium.

Sclerotic scatter (when the beam is focused on the corneal
limbus and produced by a fiber-optic effect of the cornea)
is generally used to visualize central corneal edema, haze,
scarring, infiltrates, and foreign bodies."!

SLB allows for the exploration of the lens, anterior vitreous,
and retina. In this case, pupil dilatation is recommended.
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Figure 1: Slit section in normal cornea showing the tear film/epithelium,
anterior and posterior stroma, endothelium, anterior chamber with
aqueous humor, iris, pupil, tear meniscus, eyelid, and eyelashes

The retina or optic nerve may be explored in great detail
with additional condensing lenses (e.g., the 60 D, 78 D, and
90 D lenses) that enable the examiner to achieve the desired
magnification, which provides a magnified stereoscopic view of
the retina, thus helping in optic disk and macular assessment.[®!

The eye care practitioner should conduct a standard
examination routine with an anterior-to-posterior approach
which should be completed and repeated on each patient,
to guarantee that nothing is overlooked and all structures
examined for abnormality.?”!

With this approach, the lashes, eyelids, and their margins
are examined first (direct and diffuse illumination with low
[less than, x10] or medium magnification [between x10 to x25]
is recommended in this step), followed by the assessment
of the tear film, conjunctiva (bulbar and fornix), and
cornea (parallelepiped and/or optic section with high
illumination and medium-to-high magnification is
recommended).?¥ Two or three scans across the cornea, with
the beam directed from both the nasal and temporal sides,
superior, inferior, and center, are recommended to guarantee
a complete examination. High magnification (more than x25)
is recommended for the detailed assessment of corneal
findings. Anterior chamber, angle, iris, and lens scans may
be conducted after corneal examination, looking to direct and
indirect illuminated corneal areas.**! A complete conjunctival
assessment, involving palpebral conjunctiva (with direct and
diffuse illumination and low-to-medium magnification is
recommended) may be conducted at the end of the examination
routine.” The use of fluorescein (and other vital dyes such as
lissamine green or rose bengal) to explore under blue light and
yellow filter (Kodak written #12 or similar) is recommended
to complete the ocular surface assessment (epithelial
integrity [corneal keratitis] and dry eye diagnosis).*”! Complete
lens (capsule and nucleus), anterior vitreous, and retina
assessment with SLB may be conducted, and in these cases,
dilated pupil is recommended and compulsory if patients show
symptoms of retinal detachment such as floaters or flashes.

In summary, SLB is a compulsory device in eye care
consulting to diagnose and monitor corneal and anterior eye
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Table 1: Summary of illumination and observation techniques for slit lamp biomicroscopy of the anterior eye. lllumination
and observation techniques may been combining

General description

Applications

Illumination techniques
Diffuse illumination

Direct illumination

Indirect illumination

Retro-illumination

Specular reflection

Sclerotic scatter

Observation techniques
Parallelepiped

Optic section

Conical

Tangential

Angle: 30°-50°
Magnification: Low-medium
lllumination: Medium-high
Beam thickness: Wide
Filter: Diffuse filter

Light projected directly to observed area

Angle: 40°-50°

Magnification: Depending on the technique
lllumination: Depending on the technique

Filter: Yellow to use with blue light or depending
on the assessment

Light projected adjacent to observed area
Angle: 0°-90°

Magnification: Low-high

lllumination: Low-medium

Beam thickness: Narrow-wide

Filter: No necessary

Using of reflected light from a posterior structure
(iris or fundus) to illuminate the observed area
Angle: 0°-45°

Magnification: Low-high

lllumination: Low-high

Beam thickness: 1-4 mm

Filter: No necessary

Angle: 40°-50°

Magnification: Medium-high

lllumination: High

Beam thickness: Narrow

Filter: No necessary

Angle: 40°-60° light over the limbus
Magnification: Low-medium
lllumination: High

Beam thickness: Narrow

Filter: No necessary

Angle: 45°

Magnification: Low-high
lllumination: Medium-high

Beam thickness: Narrow (1 mm)
Angle: 40°-60°

Magnification: Low-high
lllumination: Medium-high

Beam thickness: Thinnest possible
(0.1-0.4 mm)

Angle: 40°-90°

Magnification: Medium-high

lllumination: Maxima

Beam thickness: diameter of 1-2 mm

Narrow vertical height of a parallelepiped
producing a small circular or square spot of light
Angle: Close to 90°

Magnification: Low-high

lllumination: Low-medium

Beam thickness: Wide

General overview of anterior eye
Gross pathology and media opacities
Contact lens practice (fitting and aftercare)

General view of anterior eye

Use of fluorescein and other vital dyes

Tear film assessment (combining fluoresceing and blue
filter)

Corneal dystrophies diagnosis
Contact lens complications (vascularization, limbic
deficiency, etc.)

Corneal vascularization

Corneal degeneration and dystrophies

Keratic precipitates in corneal endothelium

Lens assessment (water clefts and vacuoles and anterior
lens posterior subcapsular cataract, etc.)

Tear film assessment (lipid layer)
Endothelial layer

Corneal abrasions, opacities, and foreign bodies
Central cornea edema
Corneal infiltrates

Examine corneal structure and alterations

Corneal scarring

Infiltrates

Corneal staining (combining fluorescing and blue filter)

Corneal layer-by-layer examination

Localize corneal alterations for example deep of a foreign
body, location of a scar, blood vessels, infiltrates, etc.
Assess media opacities

Determine if an area of staining is excavated, flat, or raised
Estimate anterior chamber deep (Van Herick technique)

Explore anterior chamber (Tyndall effect, cells, and flare)

Anterior chamber depth
Iris surface assessment
Contact lens surface viewing

diseases, complete contact lens patient care, and conduct an eye
examination. Using the SLB allows for a detailed assessment
of the eyelids, eyelashes, Meibomian glands, lacrimal duct,

lacrimal film, conjunctiva (bulbar, palpebral and fornix),
corneal limbus, each corneal layer, anterior chamber depth,
iris, crystalline lens, and retina (with additional lens).
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In contact lens practice, the SLB plays a paramount role in
contact lens fitting and aftercare follow-up;® it allows one to
choose the adequate contact lens, assessing lens movement and
centering, and in gas permeable contact lenses assess the tear
film between lens and cornea (with fluorescein). In contact lens
wearers with SLB, assessment, detection, and management of
any possible complication or secondary effects related with
contact lens wear are possible.

Although eye assessment with SLB is a subjective affair
that requires deep knowledge of eye anatomy and pathology,
this instrument is indispensable in the consulting room. SLB
is compulsory in eye examination to diagnose several eye
diseases. Sometimes, especially in certain corneal diseases,
diagnosis can only be completed with further objective
examinations (endothelial SM, CM, UBM, corneal topography
or tomography, and others) to reach deeper and more
comprehensive evaluation of the cornea and facilitate eye care
practitioners’ decisions and patient management.

Specular Microscopy

SM is a technique for in vivo visualizing of the corneal
endothelium, introduced at the beginning using the specular
reflex light with the SLB.!% Because the refractive index
of the endothelial cells is greater than that of the aqueous
humor, the endothelial cells can be differentiated using a
high-magnification image of the specular-reflected light from
the corneal endothelium.!"

However, nowadays, specific instruments (specular
microscopes) are noncontact optical instruments that include
more sophisticated technology for image capture (automatic
image focusing technology?) and analysis of the corneal
endothelium (cell shape, number [density], and morphology),"?
including an interface with customized software and computers
that allow better knowledge of corneal endothelium [Fig. 2],
which is of paramount importance in some patient
assessment (cataract surgery, penetrating or lamellar
keratoplasty, etc.).® SM has been used in contact lens research
and clinical contact lens practice to explore the increase in
polymegethism”! and the transient and chronic endothelial

Figure 2: Specular microscopy in healthy eye (45 years old) showing
central corneal thickness, endothelial cells density, polymegethism or
coefficient of variation, pleomorphism (HEX), and others outcomes

cell morphology changes, especially in long-term contact lens
wearers.!"!

Current specular microscopes provide different outcomes
that include central corneal pachymetry with an endothelial
cell analysis, which includes the cell density (CD) (cells/square
millimeter —an average value for adults is 2400 cells/mm?—ranged
from 1500 to 3500 — but corneas with <1000 cells/mm? might
not tolerate intraocular surgery),”! cell morphology providing
the polymegathism or coefficient of variation (>0.40 might
not tolerate intraocular surgery)”! and/or the pleomorphism
(the number of six-sided [hexagonal] cells, that may be <50%
to tolerate intraocular surgery),”! and the endothelial cell loss
(e.g., in endothelial disease, trauma, or chemical toxicity)
measured as the increase of the endothelial individual cell
surface (square micrometers), decrease of the endothelial
CD and the increase of the polymegathism and/or the
pleomorphism. !

SM is an invaluable tool to diagnose different endothelial
disorders such as Fuch’s dystrophy, posterior polymorphous
dystrophy (PPD), or iridocorneal endothelial (ICE) syndrome.
In Fuch’s dystrophy, the endothelium mosaic presents black
holes (known as cornea guttata).” In the PPD, the endothelial
cells have the characteristics of epithelial cells, showing clearly
defined dark rings, and the involvement is normally bilateral.!"*!
In eyes with ICE syndrome (which is normally unilateral), the
endothelium presents abnormal cells characterized by a bright
margin, a dark paracentral area, and a central spot of light.["®

With the appearance of SM, endothelial cell changes can be
detected and monitored. Furthermore, its noncontact nature
allows data to be collected from people from a wide age range,
included young children and the elderly.*”!

Confocal Microscopy

The in vivo human cornea was first examined with CM at
the end of the 90s,!'"! and nowadays, this technology allows
us to assess the cornea at a cellular level, providing images
which are comparable to in vitro histochemical techniques
delineating each layer,®" Including descemet’s membrane,
and the corneal endothelium [Fig. 3], which is important for
recognizing minimal changes in the structures for early and
reliable diagnoses.>**I This technique is based on the confocal
principle; where the illumination and detection paths share
the same focal plane (hence the term “confocal”), overcoming
the problem of defocused light and avoiding the limitations in
image quality achieved with a conventional light microscope.™
Different technologies provide different depths of focus, slit
scanning microscopes (26 um), tandem scanning confocal
microscopes (7-9 um), and laser confocal microscopes (5-7 um).

Some commercially available CMs are Confoscan P4
(Tomey Corporation, Cambridge, MA, USA), Confoscan
4 (Nidek Technologies, Japan), and the Heidelberg Retina
Tomograph II Rostock Corneal Module (Heidelberg,
Germany).['824]

The resolution and magnification of the CM images allow
the imaging of the corneal cells and their nuclei; thus, any
morphologic changes in cells or the presence of abnormal
structures can be detected in vivo. This quality is very useful
to investigate numerous corneal diseases, for example, corneal
dystrophies (such as keratoconus,?*! Fuch’s endothelial
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Figure 3: Image of epithelium (a) and endothelium (b) in healthy
eye. Epithelium image was captured with Heidelberg Retina
Tomograph Il (Heidelberg, Germany) and endothelium image with
Confoscan4 (Nidek Technologies, Japan)

dystrophy,®! PPD, Bowman's layer dystrophies,?* stromal
dystrophies),?**! monitoring contact lens-induced corneal
changes,®!] pre- and post-surgical evaluation (PRK, LASIK
and LASEK, flap evaluations, and others),"?! diagnosis and
assessment of limbal stem cell deficiency and cell grafts (aniridia,
Stevens-Johnson syndrome),®>%! monitoring penetrating
keratoplasty, assessment of sub-basal nerve architecture,3!
and also of great interest in diabetic neuropathy diagnosis.**#!
Other reported uses of the CM include the early diagnosis of
infective keratitis (Acanthamoeba cysts).l*!

CM is a powerful diagnostic technique which allows
noninvasive microscopic examination of the cornea. It is mainly
used in research but has great potential in clinical practice.!"!

Ultrasound Biomicroscopy

UBM is a high-resolution technique which allows in vivo
assessment of the structures of the anterior segment of
the eye [Fig. 4].¥! Commercially available ultrasound
biomicroscopes employ high-frequency ultrasound
transducers (between 25 and 50 MHz) with an immersion
technique, to obtain high-frequency B-scan ultrasonography
images to a depth between 4 and 5 mm with lateral resolution of
approximately 25 um and 50 um. Many devices include A-scan
ultrasonography to measure the eye axial length (from the
cornea to the retina) and explore posterior segment of the eye.

UBM allows in vivo observation (qualitative and quantitative
evaluation) of the anatomy and pathology of the eye from the
conjunctiva, cornea, anterior chamber, iridocorneal angle, iris,
zonules, ciliary body, lens, basal vitreous body, and retina,
which provides significant information on several clinical
situations, for example, retinal detachment, vitreous bleeding,
eye tumors, inflammation, eye orbit lesions, or trauma and
foreign bodies in the eye.

Moreover, UBM has been used in evaluating corneal
dystrophies, corneal scars, cysts, excimer laser photokeratectomy
and LASIK procedures, to explore intraocular lens (IOL)
implants, glaucoma diagnosis (open-angle glaucoma, primary
angle closure glaucoma included plateau iris syndrome,
pigmentary glaucoma, and pupillary block glaucoma,
pseudoexfoliation syndrome), explore anterior and posterior
segment tumors (providing valuable information on the
extension of pigmented lesions or malignant melanoma from
the iris to the ciliary body), and other rare eye diseases (such
as mesodermal dysgenesis of the neural crest, ICE syndrome,

Anterior Cornea

Posterior Cornea

Anterior Chamber —
-

Iris

Anterior Lens

Posterior Lens 4‘

Cornea

Figure 4: Example of ultrasound biometry (a) in healthy eye showing
anterior and posterior surfaces of the cornea and lens and (b) in a
pseudophakic 61-year-old male patient

phakomatoses, and metabolic disorders).* UBM has been used
in IOLs patient assessment (nonsutured and sutured fixation
of IOL) measuring anterior chamber depth, sulcus-to-sulcus
diameter, capsular bag thickness, capsular bag diameter, ciliary
ring diameter, ciliary process-capsular bag distance, ciliary
apex-capsular bag plane, IOL tilting, haptic location, iris-IOL
contact, vitreous incarceration, and conducting a scleral fixation
assessment.[*4]

High-frequency digital UBM or very high-frequency
digital UBM (Artemis [ArcScan Inc, Morrison, Colorado]) is
a recent technology that allows in vivo corneal epithelium
measurement,**! stromal measurement,’! flap and residual
stromal bed measurement in LASIK procedures,® and in
anterior or posterior lamellar keratoplasty,®*! for the whole
cornea; providing valuable information in keratoconus
screening.’>* Anterior and posterior chamber dimensionst®!
or the assessment of different glaucomatous diseases (including
pupillary block or plateau iris syndrome) are, also, possible
with this technology.

Conclusion

Improvement in technology for corneal assessment has made
the process of corneal evaluation extremely fast and simple.
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The SLB is a traditional technique of paramount importance
in clinical diagnosis and compulsory when an eye test is
conducted in primary or specialist eye care practice. However,
different techniques allow for an improvement in early
diagnosis of many diseases, especially when clinical signs have
not yet become apparent and visible when using SLB. These
techniques also allow for a careful patient follow-up in several
clinical conditions or diseases, facilitating clinical decisions and
improving knowledge regarding the corneal anatomy.
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