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Preface


Back in the days of rigid lenses, contact lens practice was largely concerned with the physical fit of a contact lens on the eyeball. Contact lens surfaces were generated using complex geometric principles, and the precise relationship between the cornea and lens was assessed with fluorescein. New lenses were ordered if the fitting relationship was judged to be unsatisfactory.


When soft lenses were introduced in the 1970s, practitioners initially tried to fit them like rigid lenses. The original soft lenses, made of low water content hydroxyethyl methacrylate (HEMA), were thick and unforgiving. Fitting was achieved by choosing a lens from a range of perhaps 12 different base curves which were available in increments of 0.3 mm. The emphasis in lens fitting was to match the curve of the lens to the eye.


Time has certainly moved on, as they say. Here we are in the second decade of the 21st century, and the general approach to contact lens fitting bears little resemblance to the approaches described above – save the relatively few instances where rigid lens lenses are still required. At the present time, about 96% of all new contact lens fits are with soft lenses. Modern soft lenses are thin and flexible, and as such are very forgiving on the eye. Most lenses are only available in one or two base curves and a single diameter. The emphasis has shifted away from physically matching the fit of the lens to the eyeball, and more towards fitting by physiological (or pathological) response. We now choose lenses that provide physiological conditions for maintaining optimum ocular health. When assessing contact lens performance, we carefully inspect the eye and lens under high magnification and look for factors such as the quality of the tear film, limbal redness, impact of the lens edge on the conjunctiva, corneal integrity etc.


With the advent of highly oxygenated silicone hydrogel contact lenses, we have largely eradicated hypoxia-related complications. And with second and third generation low modulus silicone hydrogel materials, we are alleviating complications that have a mechanical aetiology. In recent times when lecturing on the topic of contact lens complications, I have joked with my audience that, in view of these developments, the next edition of Contact Lens Complications will only need to be half the size of previous editions. However, about 40% of soft lenses prescribed today are made from conventional, low oxygen performance hydrogel materials, which means that virtually all of the complications described in this book are still relevant to modern-day practice. As well, some new complications have become apparent, that are only seen among those wearing silicone hydrogel lenses – such as mucin balls. Many of the complications that occurred in response to hydrogel lens wear also occur with silicone hydrogel lenses, such as corneal infiltrative events and keratitis. Overall, therefore, all previous complications need to be considered in addition to newly observed complications … so rather than getting smaller, this edition is actually slightly larger.


It is for the reasons outlined above that, more than ever, the current generation of contact lens practitioners needs to keep abreast of clinical information relating to the ocular response to contact lens wear, the theories underpinning these responses, implications for assessing suitability for lens wear and ways of managing adverse reactions. That is where this book can be of assistance. I have striven to assemble a comprehensive, evidence-based account of this topic, drawing extensively from the current literature, and moderated from my personal experience as a clinician and researcher spanning 35 years. The evidence base that I provide is in the form of literature references that can be found at the end of each chapter – over 1000 in total. I make no apologies for this evidence-based approach; it is the only valid approach to considering any aspect of health care.


Although the title Contact Lens Complications implies unwelcome adverse reactions to lens wear, this book is really about much more than that. It deals with the full range of ocular responses, from the most subtle of innocuous and largely harmless tissue reactions – such as endothelial blebs – to the most severe of reactions, such as microbial keratitis.


Much has changed in our understanding of contact lens complications since the second edition of this title was published in 2004. Every chapter of this new edition has been revised and updated, but here are some highlights. The influential Dry Eye Workshop (DEWS) report (2007) and the series of publications from the International Workshop on Meibomian Gland Dysfunction (2011) have substantially shifted our thinking on these topics, and these new concepts are embraced in this book. The highly influential Manchester Keratitis Study (2005) has necessitated a radical rethinking on our approach to contact lens associated keratitis, requiring a substantial revision of material relating to this topic. Previous editions of this book only considered ocular examination using the slit lamp biomicroscope. In this edition, Chapter 1 – Anterior eye examination – has been expanded to consider all clinical techniques and instruments relevant to assessing the ocular response to lens wear. Around 80 new clinical pictures and illustrations have been added in this edition, and out-dated images removed.


My basic approach to this topic is simple, and remains unchanged from the first two editions of this work; that is, ocular complications of contact lens wear are dealt with in a systematic ‘tissue by tissue’ approach. The alternative approach would have been to adopt a more theoretical approach, for example by arranging material according to causation (aetiology), such as metabolic, hypoxic, mechanical, allergic, infectious etc. However, I have always believed that a ‘tissue by tissue’ approach is intuitive to contact lens practitioners, because this is the way we think. We first identify the particular tissue in distress, based on presenting signs and symptoms, and then try and understand what is going wrong.


In accordance with this ‘tissue by tissue’ approach, subject matter is divided into eight sections, seven of which relate to the primary anterior ocular tissues that can affect, or be affected by, contact lenses. The other section (Part I) relates to anterior eye examination and grading systems. Within each section, various identifiable tissue pathologies or conditions are discussed by way of a systematic consideration of signs, symptoms, pathology, aetiology, management, prognosis and differential diagnosis. The only exception to this approach is Chapter 24 – Corneal infiltrative events – a new chapter that presents theoretical and clinical information relating to a radically revised rethinking to the topic of contact lens associated keratitis. The reason for arranging the material differently will become apparent when reading this chapter.


This systematic approach of this book is reflected in the large ‘quick-find index’ on pages xi to xxxi, which is designed to assist practitioners in (a) gaining a quick overview of a specific complication in a broader context; and (b) locating information on a particular complication in the main text. I am sure students will find this index an invaluable study guide and pre-exam refresher!


I have deliberately placed heavy emphasis on the importance of understanding the various ocular complications that can occur. This is because the development of an understanding of the aetiology and pathology of a condition is critical to formulating a link between the presenting signs and symptoms, the development of an appropriate management plan and the formulation of an accurate prognosis.


I am proud to once again be presenting my grading scales, which cover 16 of the most important contact lens complications; these are presented in Appendix A of this book, together with a comprehensive account of how they can be used (Chapter 2). In addition, all the 16 grading scales have been converted to user-friendly movie morph sequences, which have been revised and updated for this third edition. These grading morphs, and a self-help grading tutor, offer the possibility of computer-based grading. They can be downloaded free from the expertconsult website (details are given in Chapter 3). Also presented in Appendix B is a system for classifying the various appearances of the tear film during contact lens wear.


From a personal perspective – this book essentially represents a distillation of my lifetime pursuit of developing a better understanding of the ocular response to contact lens wear. I guess this means that if you purchase this book, you are purchasing a little piece of me! I hope you gain as much enjoyment, knowledge and inspiration out of this book as I gained from writing it.




Nathan Efron
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Part I


Examination and grading










Chapter 1Anterior eye examination


The slit lamp biomicroscope has been the primary instrument for examining the anterior ocular structures since its invention in the early part of the twentieth century. In particular, this versatile instrument is invaluable in assessing the impact of contact lens wear upon the tear film, cornea, conjunctiva and eyelids. Other simple optical instruments have been developed to aid contact lens fitting, such as the Burton lamp, or to enhance our ability to assess the tear film, such as the Tearscope.


As a result of developments in digital electronics, advanced still and video capture technology and computer-assisted image-analysis techniques, a range of sophisticated ophthalmic instruments have been developed in the latter part of the twentieth century that expand our capacity to examine the anterior eye. Such instruments that have been demonstrated to have considerable utility in this regard are the specular microscope, corneal confocal microscope, optical coherence tomographer, corneal topographer, pachometer and aesthesiometer. These devices are capable of providing valuable supplementary information, such as high magnification and high optical resolution images and accurate measurements of corneal dimensions and shape.


The aim of this chapter is to review the various instruments that are now available to facilitate examination of the anterior eye and determination of anterior ocular dimensions, and which have been used to capture the majority of images presented in this book. Primary attention is given to the slit lamp biomicroscope, as it has always been, and is likely to remain, the mainstay of ocular examination in contact lens practice.






Burton lamp


A number of manufacturers make a special hand-held magnifying device for contact lens work. This device is usually referred to as a ‘Burton lamp’, after the company that manufactured the original version (Burton Manufacturing Co., USA). The Burton lamp is essentially a large magnifying lens of about +5.00 D housed in a broad frame, within which is mounted a combination of 4 W white light and ultraviolet light fluorescent tubes, each 11 cm long. The operator can switch between the two light sources for white light and fluorescein stain examinations. A key advantage of this instrument is that both eyes of the patient can be viewed simultaneously, which facilitates interocular comparisons in the course of contact lens fitting. The Burton lamp is also useful for conducting an initial screening examination (Figure 1.1).





[image: image]

Figure 1.1 Burton lamp being used in ‘white light mode’.


(Courtesy of Lyndon Jones.)





The main disadvantage of the Burton lamp is that it is not possible to view fluorescein fitting patterns of rigid contact lenses made of material containing ultraviolet absorbing properties. This is because the Burton lamp has its highest emission in the 300 to 400 nm range and this short wavelength blue light is attenuated by the lens material, resulting in decreased fluorescence.









Slit lamp biomicroscope


The slit lamp biomicroscope (Figure 1.2) is a combined illumination and observation system that allows the eye to be examined from close distance at different magnifications. With the appropriate application of supplementary lenses and/or viewing techniques, the instrument may be used to assess the condition of the vitreous, lens and retina from posterior pole to the ora serrata. Various ancillary instruments can be attached that enable examination of the tear film, anterior chamber angle and retina, and measurement of intra-ocular pressure, corneal sensitivity and corneal thickness. Since this book is concerned with the assessment of ocular complications of contact lens wear, the discussion that follows will relate primarily to the use of the slit lamp biomicroscope in examining the anterior ocular structures.
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Figure 1.2 Slit lamp biomicroscope.




It has long been recognized that it is not possible to sensibly prescribe and fit contact lenses, or provide ongoing care for contact lens patients, without access to a slit lamp biomicroscope.1 This instrument is used virtually every time a contact lens patient is seen, including the initial examination, fitting and aftercare visits. Certainly, the vast majority of complications of contact lens wear cannot be detected or assessed without the aid of a slit lamp biomicroscope. It is therefore imperative that contact lens practitioners have access to this instrument and are fully versed in its mode of operation.


This section will outline the design and construction of the slit lamp biomicroscope, review key techniques of ocular illumination and examination inasmuch as they relate to contact lens practice, and suggest a recommended examination procedure.






General construct


The general construct of a slit lamp biomicroscope is indicated by its name; that is, there is a separate illumination system (the slit lamp) and viewing system (the biomicroscope). These two components are mechanically linked (Figure 1.3) so as to create a common focal point and centre of rotation; however, the mechanical linkage can be unlocked to allow the focal illumination to be directed away from the focal point of the viewing system, which is an essential requirement for some observation techniques, such as ‘sclerotic scatter’ (see below). The mechanically linked illumination and observation systems are always moved simultaneously – up and down with a height control, and focusing (in and out) and lateral (side to side) movements with a joystick. This linked control system facilitates rapid and accurate positioning of the slit-beam to the area of interest on the eye and ensures that the microscope and illumination systems are simultaneously in focus.
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Figure 1.3 Mechanical system of a slit lamp biomicroscope.




The patient is seated opposite the observer and the head of the patient is positioned in a conventional head mount comprising a chin and brow rest. The linked illumination/observation system can be moved about independently of the head position, and a fixation target is provided to assist eye positioning and help the patient keep his/her eyes still. The entire head mount and linked illumination/observation system are contained on an instrument table which can be adjusted in height – as can the practitioner and patient seats – to allow a comfortable posture to be adopted by both the examiner and patient.






The slit lamp


The illumination system is called the slit lamp – so called because of its capacity to project a slit of light onto the ocular surface. The light source and optical elements of the slit lamp are classically contained in a vertically oriented housing (Figure 1.4). A bright light source (generating approximately 600 000 lux) is a fundamental requirement for a slit lamp if subtle conditions are to be seen clearly. While halogen or xenon lamps are more expensive than tungsten lamps, they are the preferred illumination source as they provide a brighter light, last longer, have better colour rendering and generate less heat. The light is focused vertically into a slit configuration. It then reflects off a mirror mounted at 45° and is projected onto the eye.
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Figure 1.4 Illumination system of a slit lamp biomicroscope.




Illumination brightness is controlled by a rheostat or multi-position switch such that brightness can be adjusted to obtain the correct balance between patient comfort and optimal visibility of the area of interest. Generally, the broader the slit, the brighter the light, the greater the patient discomfort, and the lower must be the illumination setting.


The optical and aperture masking components within the illumination system are designed so that the emergent slit of light has sharp edges and an even spread of illumination. The slit width and height are continuously variable so that a section of light of any shape can be projected. The ability to vary the slit width has other practical applications, such as forming a reference for estimating the size of features of interest. Also, the slit can be rotated, so that, for example, a horizontal rather than a vertical slit can be projected on to the eye. This facility can also be useful for measuring the degree of rotation of soft toric lenses.


A number of filters can be incorporated into the illumination system,2 which serve to enhance the visibility of certain conditions:




• Green (’red-free’) filter – enhances contrast when looking for corneal and iris neovascularization, since red vessels appear black if viewed through such a filter. A green filter may be used to increase the visibility of rose Bengal staining on both the cornea and conjunctiva.


• Neutral density (ND) filter – reduces beam brightness and increases comfort for the patient.


• Polarizing filter – reduces unwanted specular reflections and can be useful to enhance the visibility of subtle defects.


• Diffusing filter – diffuses the illumination source over a wide area and is used to provide broad, unfocused illumination for low magnification viewing of the general ocular surface.


• Cobalt blue filter – provides a suitable means of exciting sodium fluorescein for examination of ocular surface integrity. Illumination of fluorescein with cobalt blue light of 460–490 nm produces a greenish light of maximum emission 520 nm. Any abraded area will absorb fluorescein and display a fluorescent green area against a general blue background. The filter is occasionally used on its own to aid in the diagnosis of keratoconus. A frequent finding in this corneal ectasia is Fleischer’s ring, which is formed by an annular iron deposition within the stroma at the base of the cone. The iron pigment is often difficult to see in white light but will usually appear in greater contrast when viewed through the cobalt blue filter.


• Yellow (Kodak Wratten #12) filter – this is not a filter contained within the illumination system but is used as a supplementary barrier filter which is placed in front of the viewing system.3 It significantly enhances the contrast of any fluorescent staining observed with the cobalt blue filter as it allows transmission of the green, fluorescent light but blocks the blue light reflected from the corneal surface. Custom-made barrier filters for certain slit lamps are available from the some manufacturers. Inexpensive hand-held versions may be constructed by using a cardboard mask and Lee filters # 101 Yellow.












The biomicroscope


A biomicroscope of high optical quality is essential if the observer is to achieve a comfortable, clear, focused binocular image of the eye (Figure 1.5). The optical system contains an objective, typically with ×3 to ×3.5 magnification, and an eyepiece with variable or interchangeable power. The normal range of total magnification is from ×6 to ×40. In some systems, magnification is continuously variable throughout this range. These systems have two key advantages: (a) there is an uninterrupted view of the eye while the level of magnification is changed; and (b) the observer is not constrained to using discrete levels of magnification and can in effect choose any level of magnification within the available range. However, such systems usually require additional optical elements to achieve the ‘zoom’ function, and this may slightly compromise the optical quality of the image.
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Figure 1.5 Observation system of a slit lamp biomicroscope.




For the purposes of discussion throughout this book, the level of magnification being used can be broadly classified as follows:




• low: < ×10 magnification.


• medium: ×10 – ×25 magnification.


• high: > ×25 magnification.





In most systems, magnification consists of changes in steps, with the typical progression being ×6, ×10, ×16, ×25 and ×40; these systems generally afford high optical quality but there is the disadvantage of momentarily losing sight of the eye while the magnification is being changed. Some systems require the eyepieces to be interchanged to obtain different levels of magnification. Needless to say, these systems are cumbersome and mitigate against a smooth examination procedure. Manufacturers of slit lamp biomicroscopes could produce instruments with higher levels of magnification than ×40, but natural micronystagmoid eye movements make observation at such high magnification levels impractical.


The working distance of the biomicroscope (the distance from the eye to the front surface of the most anterior lens element of the biomicroscope) is typically set at about 11 cm, which is long enough to allow room for manipulating the eye, but not too long so as to require an uncomfortable arm position during such manipulations.












Illumination and observation techniques


Being a transparent structure, the cornea lends itself to being examined using a wide variety of illumination and observational techniques. These are achieved by varying the illumination and observation conditions in order to optimize the visibility of the feature of interest in or on the cornea. There are essentially 13 illumination/observation techniques; these will be discussed in turn, with specific emphasis on those more routinely used in contact lens practice.


While the techniques discussed below may seem daunting and somewhat confusing to the novice, it is important to realize that many combinations of these illumination and observation conditions are visible within a single field of view, and are altered merely by the observer changing his/her direction of gaze. This is illustrated in Figure 1.6, where five illumination/observation conditions are simultaneously apparent in a single field of view of a case of contact lens induced corneal neovascularization.
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Figure 1.6 Slit lamp photograph of contact lens induced corneal neovascularization, whereby the vessels can be viewed using (A) direct focal illumination; (B) indirect focal illumination; (C) direct retroillumination; (D) marginal retroillumination; and (E) indirect retroillumination.


(Courtesy of Patrick Caroline, Bausch & Lomb Slide Collection.)









Diffuse illumination


A ground glass filter is placed in the focused light beam of the slit lamp. This will defocus and diffuse the light to give a broad, even illumination over the entire field of view. The angle of the illumination arm is not critical when the diffuser is in place and can be anywhere from 10° to 70° in relation to the observation arm; it is simply convenient to place it at an angle of at least 45° so as to avoid partially obstructing the field of view. The slit is generally opened wide and high illumination will not cause too much patient discomfort in view of the diffuse nature of the light (Figure 1.7).
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Figure 1.7 (A) Diffuse illumination slit lamp technique.


(Adapted from Jones LW, Jones DA. Slit lamp biomicroscopy. In: Efron N, editor. The Cornea: Its Examination in Contact Lens Practice. Oxford: Butterworth-Heinemann; 2001. p. 1–49.)
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 (B) Diffuse illumination view of the cornea.


(Courtesy of Adrian Bruce. In: Efron N, editor. Contact Lens Practice. 2nd ed. Oxford: Butterworth-Heinemann; 2010.)





Diffuse illumination is generally used to provide low magnification views of the opaque tissues of the anterior segment, including the bulbar conjunctiva, sclera, iris, eyelid margins and the tarsal conjunctiva of the everted lids. Unusual signs in these tissues could include dilated blood vessels in the bulbar conjunctiva, pigmented areas in the conjunctiva or eyelids, roughness or opacity of the conjunctiva, and abnormal eyelash position or orientation. Such signs could be indicative of conditions such as trichiasis, bulbar redness, pterygium or papillary conjunctivitis. In assessing the eyelid margins, consider the apposition of the lids and puncta against the globe. Also, look for clear glands near the base of the lashes, and flaking or scaling of the eyelid skin. These may indicate the presence of ectropion, blepharitis, or epiphora.









Focal illumination – parallelepiped


This describes any illumination technique where the slit beam and viewing system are focused co-incidentally. The illumination is turned up to a reasonably high level of brightness (ensuring that the patient remains comfortable) and the slit beam is placed at a separation of 40–60° on the side of the microscope corresponding to the section of the cornea to be viewed. The beam is swept smoothly across the ocular surface and the illumination system moved across to the opposite side as the beam crosses the mid-point of the cornea. Typically, a beam width of 0.1 to 0.5 mm is chosen initially and this may be reduced so as to bring more contrast (due to less light scatter) to the area of interest. The term ‘parallelepiped’ refers to the geometric shape of the illuminated optical section of the cornea under examination.


A slit width that is wider than 0.5 mm creates a condition known as ‘broad beam’ illumination, whereby the width of the beam is greater than the depth of the cornea (effectively creating a parallelepiped which is turned on its side). Whilst scanning the external ocular surface, a low-to-medium magnification is initially chosen and the magnification is increased if any area of interest needs to be examined more closely.






Direct


The section of the cornea within the illuminated beam is being observed (Figure 1.8). This permits assessment of the location, width and height of any object within the cornea or adjacent structures. The parallelepiped is the most commonly used direct illumination technique and is employed, for example, to assess corneal scarring, infiltrates and corneal staining.
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Figure 1.8 (A) Direct parallelepiped illumination technique.


(Adapted from Jones LW, Jones DA. Slit lamp biomicroscopy. In: Efron N, editor. The Cornea: Its Examination in Contact Lens Practice. Oxford: Butterworth-Heinemann; 2001. p. 1–49.)
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 (B) Direct parallelepiped view of the cornea.


(Courtesy of Adrian Bruce. In: Efron N, editor. Contact Lens Practice. 2nd ed. Oxford: Butterworth-Heinemann; 2010.)












Indirect


The section of the cornea outside the illuminated beam is being observed. This is achieved by directing gaze to either side of the illuminated beam. To achieve this configuration, the parallelepiped is positioned to one side of the feature of interest. Thus, the feature of interest is being illuminated by side-scattering of light from the parallelepiped. This technique may reveal the presence of subtle changes in corneal transparency, which may not have been visible using direct illumination.












Focal illumination – optic section


This condition is identical to ‘focal illumination – parallelepiped’, except that a very thin beam of approximately 0.02 to 0.1 mm is used to essentially create a ‘cross-section’ of the corneal tissue. The illumination beam is placed at a separation of 40–60° on the side of the microscope corresponding to the section of the cornea to be viewed. Increasing the angle of the illumination arm increases the depth of the optic section in the cornea, but the same amount of light is spread over a greater depth of cornea, which reduces brightness and contrast and makes the deeper corneal layers in particular more difficult to visualize. Because the light beam is so thin, the illumination must be turned up to maximum brightness.






Direct


The section of the cornea within the illuminated beam is being observed (Figure 1.9). This provides the ability to accurately assess the depth of an object within the corneal layers. Typical uses include assessment of the depth of a foreign body, location of a corneal scar and determining whether tissue within an area of staining is excavated, flat or raised.
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Figure 1.9 (A) Direct optic section illumination technique.


(Adapted from Jones LW, Jones DA. Slit lamp biomicroscopy. In: Efron N, editor. The Cornea: Its Examination in Contact Lens Practice. Oxford: Butterworth-Heinemann; 2001. p. 1–49.)
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 (B) Direct optic section view of the cornea.


(Courtesy of Adrian Bruce. In: Efron N, editor. Contact Lens Practice. 2nd ed. Oxford: Butterworth-Heinemann; 2010.)












Indirect


The section of the cornea outside the illuminated beam is being observed. This is achieved by directing gaze to either side of the illuminated optic section. To achieve this configuration, the optic section is positioned to one side of the feature of interest. Thus, the feature of interest is being illuminated by side-scattering of light from the optic section. Indirect focal illumination from an optic section is perhaps only a theoretical consideration; a superior indirect view of a corneal anomaly will be achieved using a wider beam (i.e. parallelepiped or broad beam).












Retroillumination


This refers to any technique in which light is reflected from the iris, anterior lens surface or retina, and is used to back-illuminate a section of the cornea, which is more anteriorly positioned. The illumination and observation systems can be adjusted so that the feature of interest in the cornea is seen against a light background (such as a light coloured iris) or a dark background (such as a dark coloured iris, or the pupil in the case of indirect retroillumination).


This technique is particularly useful for examining neovascularization, scars, degenerations and dystrophies.






Direct


Direct retroillumination refers to the configuration whereby the retroillumination is directly behind the feature of interest in the cornea (Figure 1.10). Thus, for example, a corneal scar is viewed against an illuminated iris in the background. Using this technique, corneal opacities will appear black against the bright field.
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Figure 1.10 (A) Direct retroillumination technique.


(Adapted from Jones LW, Jones DA. Slit lamp biomicroscopy. In: Efron N, editor. The Cornea: Its Examination in Contact Lens Practice. Oxford: Butterworth-Heinemann; 2001. p. 1–49.)
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 (B) Corneal scar from a healed peripheral ulcer seen as a dull grey shadow in direct retroillumination.


(Courtesy of Brian Tompkins.)















Indirect


Indirect retroillumination refers to the configuration whereby the retroillumination is not directly behind the feature of interest in the cornea, but is offset to one side (Figure 1.11). Thus, the feature of interest is being observed by virtue of back-scattered light that is deflected away from the feature of interest in the cornea into the eye of the observer.
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Figure 1.11 (A) Indirect and marginal retroillumination technique.


(Adapted from Jones LW, Jones DA. Slit lamp biomicroscopy. In: Efron N, editor. The Cornea: Its Examination in Contact Lens Practice. Oxford: Butterworth-Heinemann; 2001. p. 1–49.)
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 (B) Dimple veiling viewed by indirect retroillumination can be appreciated by observing the ‘dimples’ against both the dark pupil on the left and the illuminated iris in the right. Dimple veiling viewed by marginal retroillumination can be appreciated by observing the ‘dimples’ against the pupil margin; the dimples in this region clearly display unreversed illumination, indicating that they contain a material of lower refractive index than the epithelium (i.e. fluid or air).


(Courtesy of Sylvie Sulaiman, Bausch & Lomb Slide Collection.)












Marginal


Marginal retroillumination is a specific variant of indirect retroillumination, whereby the pupil margin is deliberately chosen as the background retroilluminated field against which the corneal feature is being observed (Figure 1.11). Simply put, the corneal feature of interest is viewed against a background of the illuminated iris/pupil margin. This technique is typically used in association with high levels of magnification, and is employed to assess the optical characteristics of transparent optical bodies in the tear film or cornea, such as mucin balls, epithelial microcysts, vacuoles and bullae.












Specular reflection


This is a specific case of a parallelepiped set-up, where the angle of the incident slit beam is equal to the angle of the observation axis through one of the oculars (Figure 1.12). At this angle (typically 40–50°), the illumination beam is reflected from the smooth surfaces of the cornea and provides a mirror-like (’specular’) reflection. Such specular images occur at every interface between structures of different refractive indices, the most prominent of which will be anterior epithelial or posterior endothelial surfaces. The technique of specular reflection is typically used to view the endothelium.
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Figure 1.12 (A) Specular reflection illumination technique. i = angle of incidence; r = angle of reflection.


(Adapted from Jones LW, Jones DA. Slit lamp biomicroscopy. In: Efron N, editor. The Cornea: Its Examination in Contact Lens Practice. Oxford: Butterworth-Heinemann; 2001. p. 1–49.)
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 (B) Specular reflection view of the corneal endothelium.


(Courtesy of Adrian Bruce. In: Efron N, editor. Contact Lens Practice. 2nd ed. Oxford: Butterworth-Heinemann; 2010.)





To begin with, the lowest magnification setting is selected, and the illumination arm is set at an angle to the normal that is greater than the angle of the observation system to the normal. The illumination arm is then brought back towards the observation system while observing the corneal surface. At the point where specular reflection is achieved, a bright reflex will fill one of the oculars (specular reflection can not be achieved binocularly). The illumination/observation system should now remain in a fixed position, and the magnification is set to maximum so that the anterior and/or posterior corneal surface can be viewed in specular reflection. A very bright reflection from the anterior surface constitutes a debilitating distraction when trying to observe the endothelium; this situation can be resolved by increasing the angle between the observation and illumination systems, although there is not much room for manoeuvre before the specular reflection is lost.


The size of endothelial cells is such that, even at ×40 magnification, only gross anomalies of the endothelium can be detected, such as large guttae, blebs, bedewing endothelial ruptures or deep folds. Subtle cellular characteristics of the endothelial mosaic such as cell density or polymegethism can not be assessed. The tear film lipid layer and the inferior tear meniscus can also be readily examined using specular reflection, as well as the anterior surface of the crystalline lens. If a contact lens is being worn, front surface wetting can be assessed and the post-lens tear film may be observed using specular reflection.4









Sclerotic scatter


This technique is used to investigate subtle changes in corneal clarity occurring over a large area, such as central corneal oedema. The slit lamp is set up for a wide-angle parallelepiped (45–60°) and the viewing system is focused centrally. The beam is manually offset (‘uncoupled’) and focused on the limbus. The slit beam is totally internally reflected across the cornea and a bright limbal glow is seen around the entire cornea (Figure 1.13). Any specific area of abnormality such as a corneal scar will interrupt the beam in its passage and produce a light reflection in the otherwise clear cornea; abnormalities in the cornea are especially visible when viewed against a dark pupil in the background.
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Figure 1.13 (A) Sclerotic scatter illumination technique.


(Adapted from Jones LW, Jones DA. Slit lamp biomicroscopy. In: Efron N, editor. The Cornea: Its Examination in Contact Lens Practice. Oxford: Butterworth-Heinemann; 2001. p. 1–49.)
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 (B) Central corneal oedema viewed using sclerotic scatter.


(Courtesy of Michael Hare.)












Tangential (oblique) illumination


This is infrequently used in contact lens practice, but is nonetheless a useful technique. Oblique illumination is achieved by setting up a parallelepiped and then moving the illumination system away from the observation system until the angle between them is close to 90°. The observation system is positioned at 90° to the facial plane (i.e. straight ahead) and the illumination arm is adjusted until the light beam is almost tangential to the object of interest. Any raised areas cast a shadow, making this technique particularly useful for viewing subtle surface irregularities on the surface of the iris, epithelium or contact lens in situ.









Conical beam


This technique is used specifically for examining the contents of the anterior chamber. A conical beam configuration is achieved by narrowing the slit beam down to about 1–2 mm in diameter and reducing the height of the beam to about the same dimensions. This will effectively create a circular beam of light. The illumination should be set to maximum and the room should be darkened. The arrangement of the illumination and observation system is essentially the same as for tangential illumination. The observation system is positioned at 90° to the facial plane (i.e. straight ahead) and the illumination system is moved away from the observation system until the angle between them is close to 90°. Low-to-medium magnification should be used.






Static


The conical beam is projected sideways into the anterior chamber and left in a fixed position. Light from the conical beam must not strike the iris, because this will scatter light and make observation more difficult. Gaze is directed towards the black pupil. Any protein, debris or cellular matter floating in the aqueous will reflect light towards the observer and be detected as a glint of light (flare) against the black background of the pupil. Numerous particles will result in a glistening effect as various particles slowly move and change orientation in the aqueous.









Oscillating


The positioning of the observation and illumination systems is exactly the same as for static conical beam examination, except that the observer must rapidly oscillate the illumination arm from side to side using the offset control. This oscillation technique will increase the probability of detecting aqueous flare and glistening.















Slit lamp examination procedure


No single slit lamp procedure will satisfy all observational requirements when examining a contact lens patient. However, during an examination where it is expected that no abnormalities will be detected (as in the case, for example, of an initial assessment of a prospective contact lens wearer), it is useful to develop a systematic procedure that ensures coverage of all aspects of the assessment in a logical and consistent manner. Usually, the examination will start with low magnification and diffuse illumination for general observation, with the magnification increasing and more specific illumination techniques being employed to view structures in more detail as the examination progresses. A typical routine examination procedure using the slit lamp biomicroscope is outlined below.






Overall view


The examination should begin with a number of sweeps across the anterior segment and adnexa, whilst using a broad diffused beam and low magnification. The patient is first instructed to close his/her eyes and the skin on the eyelids, eyebrows and surrounding areas is examined. The patient is then requested to open his/her eyes and lid margins and lashes are examined for signs of marginal blepharitis or hordeolum. The patency of the meibomian gland is assessed by gently squeezing the lids. The bulbar conjunctiva is then assessed for redness and for the presence of any abnormalities such as pinguecula or pterygia. The inferior palpebral conjunctiva is examined to check for redness, follicles and papillae. The position and action of the eyes and eyelids are noted and the completeness of blinks can be assessed.









Cornea and limbus


The diffusing filter is removed and the corneal examination begins by uncoupling the slit lamp illumination and observation systems and examining the cornea for signs of localized opacification using the sclerotic scatter illumination technique. The slit lamp is then recoupled and a series of observation sweeps is carried out across the cornea, using medium magnification and a broad beam (2 mm wide). The limbal vasculature is examined to assess the degree of physiological corneal vascularization (blood vessels overlaying clear cornea) and differentiating this from neovascularization (new blood vessels growing into clear cornea). Blood vessels at the limbus are best observed using both direct illumination and indirect retroillumination. Once the limbus has been assessed, the cornea is examined with a parallelepiped to look for any abnormalities. During this procedure, a number of illumination techniques can be used simultaneously. If a corneal anomaly is detected, the beam should be narrowed to form an optic section so that the depth and fine structure of the anomaly can be determined. The endothelium should be viewed in specular reflection.









Staining examination


Irregularities of the ocular surface can be assessed using a variety of staining agents, with fluorescein being the most readily accessible and widely used product. Fluorescein is instilled into the eye and a cobalt blue filter is interposed into the illumination system. A Kodak Wratten #12 (yellow) barrier filter should also be interposed in the observation system if available. Gross epithelial surface irregularities will be detected using diffuse illumination and low magnification. However, more subtle anomalies can only be detected using medium to high magnification, employing a parallelepiped and oscillating between direct and indirect observation as the beam is swept slowly across the cornea. The illumination often needs to be set to a higher level of brightness to compensate for the loss of light through the excitation and barrier filters; however, if the illumination is too bright the fluorescence tends to be ‘flooded out’, resulting in reduced contrast. Observation in white light, with or without the barrier filter, will allow an alternative view of the corneal anomaly under observation.


Various features of the tear film can be assessed with the aid of fluorescein, such as lower tear meniscus height, degree of ‘sluggishness’ of the tear film upon blinking and tear break-up time.


Numerous other vital stains can be applied to the eye to highlight other anomalies such as mucus accumulation, tissue devitalization or tissue necrosis. These are discussed in detail in Chapter 10.









Lid eversion


The final stage of the slit lamp examination is lid eversion, which enables examination of the superior palpebral conjunctiva. This procedure is left to last for the following reasons:




• The procedure is slightly uncomfortable for the patient – no matter how carefully performed – and the patient may not wish to be subjected to any further ocular examination or eye manipulation thereafter.


• The procedure may slightly traumatize the cornea – again, no matter how carefully performed – which would confound interpretation of any corneal anomalies observed following lid eversion.


• Since the procedure is being performed after fluorescein instillation, the opportunity exists to examine the tarsal conjunctiva both in white light and in cobalt blue light with a barrier filter. The latter procedure enhances the appearance of any papillae.





The procedure is conducted as follows. The illumination/observation system is pulled away from the patient and set in readiness for observing the tarsal conjunctiva. The best initial arrangement is low magnification and diffuse white light. The head of the patient is then positioned in the head and brow rest and the upper lid is everted by applying light pressure beneath the brow, grabbing and lightly pulling the eyelashes of the upper lid outwards and upwards so as to evert the lid. The thumb is then used to lightly hold the lashes of the everted lid against the upper orbital rim (resting the hand against the brow support and/or the patient’s head). All other operations must therefore be conducted using the other (free) hand. A diffuse beam is directed to the tarsal conjunctiva, which is observed at low and then medium magnification. Fluorescein is instilled if it has not already been added to the eye as part of the preceding examination, and excitation and barrier filters are interposed in the illumination and observation systems, respectively. The tarsal conjunctiva is re-examined, employing broad sweeps from side to side when using medium magnification.


When the examination has been completed, the eyelashes are pulled outwards and the lid will naturally revert to its normal anatomical configuration. In view of the unavoidable discomfort for the patient, the whole procedure of lid eversion should not last longer than about 15.












Digital image capture


Digital imaging has quickly become a ubiquitous part of modern life, particularly due to the growing popularity of camera phones and consumer digital cameras. This popularity is mirrored in ophthalmic consulting rooms.


’Digital imaging’ refers to the electronic form of capturing and displaying pictures, by using a combination of computer and camera. In contact lens practice, digital imaging is most often used to document contact lens fittings and ocular pathology. As with all forms of technology, cameras and computer systems are constantly improving in quality, and such systems are becoming more cost effective and ‘user friendly’.


Photodocumentation has traditionally been used by contact lens practitioners primarily for the purposes of publications, presentations and for teaching purposes; however, with the advent of digital imaging, photodocumentation has become easier and it is being used increasingly for routine electronic medical records, and to assist in real-time patient education. In addition, photodocumentation is valuable in referrals and for cases of potential legal action.






Principles of digital imaging


The basic principle of digital imaging is that a light-sensitive silicon computer chip is used instead of film in a camera. The silicon chip is known as a ‘charge-coupled device’ (CCD), and forms the light-sensitive element in video and digital cameras. The image can be instantly displayed on a computer screen, viewed by the practitioner and patient, then stored or printed.


A digital image may be characterized in three main ways:




• The image resolution refers to the image dimensions (width × height) in units of the number of dots (pixels). Common resolutions are 640 × 480 or 1280 × 960, although larger images from digital still cameras are common.


• The colour depth is the number of colours that may be specified for each pixel. For true colour, this should be in the thousands or millions.


• The file format for an image describes the way it is saved on disk and affects its compatibility with different programs for viewing, e-mailing, etc. The internet standard image file format is JPEG*, and carries the benefit of small file size, high definition and broad compatibility with internet e-mail and browser software.















Benefits of digital imaging for contact lens practice


There are numerous features and benefits with digital imaging. These include the following:




• Instant imaging – digital imaging is instantaneous, so any error in image focus, illumination, exposure, composition etc. can be identified and corrected immediately.


• Patient education – there is a benefit in the patient immediately seeing his or her own condition.


• Image manipulation and quantification – after an image is captured, the brightness, contrast or colour may be enhanced. Furthermore, image parameters can be quantified by the computer, e.g. blood vessel length, scar dimensions and cup/disc ratio. However, care must be taken not to alter an image that may be legal evidence, so at least be sure to save the original image. Image editing software is available off-the-shelf and can correct brightness and contrast with a click of a button.


• Video movies – dynamic conditions such as contact lens fittings or certain dynamic forms of pathology evaluation can be captured as a short movie on the computer. For example, a movie enables recording of the intricacies of lid interactions and the effects of lens centration on fluorescein patterns. Lens performance is much easier to understand and interpret when a moving (vs. static) image is presented. Most modern digital cameras also have movie capture capabilities.





Once the digital image has been captured in an electronic format, this opens up the following possibilities:




• Paperless office – many contact lens practices are using electronic medical records for patient visits. Digital imaging is a logical adjunct to electronic records. With the internet, patient records can be accessed at more than one office location.


• Minimal image costs – once a digital imaging system is set up, an image can be captured instantly and at no additional cost. With modern computers having terabyte (TB) hard disk capacity, many thousands of images may be easily stored and retrieved.


• Image transfer – e-mail is now the standard mode of communication for clinicians. A digital image is already on the computer and this makes attachment to an e-mail easy.


• Presentations – images can be transferred to computer presentation programs, which are used for training and delivering lectures. Digital images can easily be dropped into PowerPoint and Keynote presentation programs.












Commercial digital imaging systems


Many commercially produced digital imaging systems are available as ‘ready-to-use’ integrated packages, sold by ophthalmic equipment suppliers (Figure 1.14). Such packages typically consist of a slit-lamp biomicroscope with video camera, or digital still camera, beam splitter, and a personal computer with database and image manipulation software. Commercial systems are also available that may adapt to the practitioner’s existing slit lamp.
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Figure 1.14 Haag-StreitBD-900 video slit lamp, with compact off-the-shelf imaging system. There is an Apple Mac Mini running BTVPro software, interfaced to a Canopus ADVC-90 for video conversion, HP compact photo printer and flat panel LCD display.

















Tearscope


The Tearscope-plus (Keeler, UK) can be used to observe certain characteristics of the tear film non-invasively (Figure 1.15A).5 This instrument takes the form of a small white dome with a central sight hole, surrounded by a cold cathode light source. It can be held directly in front of the eye, or used in conjunction with a slit-lamp biomicroscope to gain more magnification (Figure 1.15B). The thickness distribution, quality and freedom of movement of the tears can be assessed by observing the reflected light from the featureless white dome, and the integrity of the aqueous and lipid phases can be inferred from colour fringe interference patterns. Interpretation of the appearance of various reflective patterns in the tear film is outlined in Appendix B.
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Figure 1.15 (A) The Tearscope-plus. (B) Examining the eye with the Tearscope-plus in conjunction with a slit-lamp biomicroscope to obtain higher magnification.


(Courtesy of Lyndon Jones.)












Specular microscope


The specular microscope allows viewing of objects illuminated from the same side as the observation system. Thus, the objective lens also acts as the condenser lens. Light passes from inside the microscope out through the objective lens to arrive at a focus near the focal plane of the lens. If this position coincides with a reflecting surface then the focused light is reflected back through the objective lens and is viewed through the eyepiece of the microscope. The first specular microscopes used for ophthalmic research were utilized by David Maurice in the 1960s in his work investigating corneal function. This technique enabled high-magnification images of both the epithelium and endothelium to be made, which had previously been difficult due to their transparency.


Early versions of the specular microscope used a contact dipping cone objective lens that was optically coupled to the cornea to provide higher magnification and resolution; however, most modern clinical specular microscopes can achieve equally high magnification without the need for ocular contact (Figure 1.16).
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Figure 1.16 The Topcon Specular Microscope SP3000P.


(Courtesy of Topcon Medical Systems, Inc.)





These instruments are primarily used to view and photograph the corneal endothelium and to monitor its morphology. By direct viewing with the specular microscope, an overall impression of the condition of the endothelium can be established immediately. In addition, some of these instruments allow corneal thickness to be determined by measuring the distance between the epithelium and endothelium.


Typically, the features looked for are the regularity of the endothelial mosaic, the size of the individual cells, the presence of intracellular vacuoles, and abnormal features such as corneal guttae and keratic precipitates. From the images obtained, factors such as the number of cells per unit area, cell shape and cell area can be calculated, enabling the clinician to assess the endothelial appearance compared with that expected of normal age-matched individuals. Instruments that capture and automatically analyse the corneal endothelium are considered in more detail in Chapter 29.









Confocal microscopy


A fundamental limitation of the slit lamp biomicroscope is that the highest practicable magnification possible is around ×40, with a lateral resolution of 30 µm. In certain circumstances, this places a considerable constraint upon clinical decision-making. For example, it is not possible to identify the precise nature of infiltrates in a case of keratitis. Confocal microscopy is a relatively new technique which became commercially available around the turn of the century.6 This technique offers clinicians the opportunity to examine the living human cornea at a magnification of around ×500 to ×700. Confocal microscopy therefore enables examination of tissue structures at a cellular level, and in relation to the example given above, extraneous matter such as infectious agents can be identified.


This instrument is commonly referred to as a ‘corneal confocal microscope’ to distinguish it from a laboratory confocal microscope, which is used to examine tissue samples in vitro. However, when operated using a laser light source, the confocal microscope is also capable of imaging the conjunctiva in vivo.7






Principle of operation


In broad terms, the optical principle of the confocal microscope is that field of view is sacrificed for resolution. In the slit lamp biomicroscope, a broad beam of light is used to view a large section of cornea at relatively low magnification. This arrangement offers a large field of view, but resolution is limited. With the confocal microscope, a small spot of light is projected into the cornea, and the small illuminated region of corneal tissue is imaged via a confocal optical arrangement. This results in very high resolution but virtually no field of view; the confocal microscope creates a useable field of view by instantaneously illuminating a small region of the cornea with thousands of tiny spots of light each second, with each spot of light being synchronously imaged. The spot images are reconstructed to create a usable field of view offering high resolution and magnification. A similar result can be achieved using a scanning slit beam of light.


In the confocal microscope, therefore, a small flat field of the cornea is both optically illuminated from a point (or slit) light source and simultaneously imaged by a point (or slit) detector; that is, they are in the same focal plane, or ‘confocal’.8 Any adjacent features in the tissue outside the plane of interest are attenuated. This results in an image of good contrast with high levels of lateral and axial resolution (Figure 1.17).
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Figure 1.17 Diagrammatic representation of the optical principles of confocal microscopy. White or laser light that passes through the first pinhole is focused on the focal plane in the cornea by the condensing lens. Returning light is diverted through the objective lens and a conjugate exit pinhole and reaches the observer or camera. Scattered out of focus light from below or above the focal plane (broken lines) is greatly limited by the pinholes and does not reach the observation system.


(After Jalbert et al.8)





The high axial (or depth) resolution is responsible for the confocal microscope being described as an instrument that is capable of ‘optically sectioning’ the cornea. That is, as the instrument is focused in and out of the cornea, a section of about only 4 to 10 µm thick is observed at any one time. This sectioning capability is essential because structures of interest to be viewed in the cornea at a cellular level, such as epithelial cells, stromal keratocytes, corneal nerves and endothelial cells, scatter or reflect light weakly. Optical sectioning allows these structures to be viewed in good contrast against a dark background. The ‘sections’ being viewed are en face, or ‘front on’, which means that only one layer of corneal tissue is observed in any given image.









Current instruments






Slit-scanning confocal microscope


A slit-scanning confocal microscope operates by scanning the image of a slit over the back focal plane of the microscope objective. The slit width can be varied in order to optimize the balance of optical section thickness and image brightness. A double-sided mirror is used for scanning and descanning and a halogen lamp is used for illuminating the slit. The detector is a charged coupled device (CCD) camera. The instrument employs a non-applanating, high numerical aperture, water immersion microscope objective, which does not touch the cornea. A methylcellulose gel is used to optically couple the tip of the microscope objective to the cornea. The high numerical aperture of the objective lens is very efficient in collecting the light from weakly reflecting corneal structures. This allows all of the epithelial layers (superficial, wing and basal cells) to be distinguished.


The only commercially available slit-scanning confocal microscope available at the time of writing is the ConfoScan 4 (NIDEK Co., Ltd., Aichi, Japan) (Figure 1.18). This fourth-generation instrument images corneal structures at ×500 magnification and has a field of view of 460 × 345 µm when used with a ×40 objective lens that has a numerical aperture of 0.75. It uses a 100 W/12 V halogen lamp as its illumination source and therefore produces non-coherent ‘white’ light consisting of a range of wavelengths. Ultraviolet and infrared filters are built into the optical path to protect the eye of the patient from these potentially harmful wavelengths. Images are acquired at a rate of 25 frames per second. Due to the relatively weak illuminating light source, subjects may be examined continuously for up to 30 min without inducing an afterimage.
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Figure 1.18 The Nidek ConfoScan 4.


(Courtesy of Nidek Co., Ltd. http://www.nidek.com)












Laser-scanning confocal microscope


A laser-scanning confocal microscope operates by scanning a laser beam spot of less than 1 µm in diameter sequentially over each point of the examined area. In order to scan the image, the laser beam spot must be deflected in two perpendicular directions. This is achieved using two scanning mirrors: a resonant scanner deflects the beam horizontally to produce a scan line and a galvanometric scanner deflects this scan line vertically, to produce a scan field. Descanning of reflected light is performed by the same two scanning mirrors. The reflected light is deflected to a detector, which is an avalanche photo diode (a point-like detector). The signal of the photo diode is digitized to form the image.


The only commercially available laser-scanning confocal microscope available at the time of writing is the Heidelberg Retina Tomograph 3 with Rostock Corneal Module (Heidelberg Engineering, GmBH, Dossenheim, Germany) (Figure 1.19). This first-generation instrument images corneal structures at ×400 magnification and has a field of view of 400 × 400 µm when used with a ×63 objective lens that has a numerical aperture of 0.9. It uses a 670 nm red wavelength Helium-Neon diode laser as its illumination source. This is a class 1 laser system and therefore does not pose any ocular safety hazard; however, the manufacturer recommends a maximum period of exposure of 45 min in a single examination period.
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Figure 1.19 The Heidelberg Retina Tomograph 3 with Rostock Corneal Module.


(Courtesy of Heidelberg Engineering, GmBH, Dossenheim, Germany.)















Patient examination


The slit-scanning and laser-scanning confocal microscopes differ in terms of both the way in which they contact the eye and modes of data acquisition. These instruments are generally housed in a dedicated clinical examination room, and the lights are dimmed prior to the microscopy procedure. The patient is seated behind the instrument and one drop of anaesthetic (benoxinate hydrochloride 0.4%) is instilled into the eye to be examined. It has been shown that the use of anaesthetic does not appreciably alter the view of tissue structures with these instruments.9 The head of the patient is placed in the head and chin rest, and the overall height of the instrument table is adjusted for comfort. The patient is instructed to gaze at a fixation target with the eye that is not being examined.






Slit-scanning confocal microscope


To minimize the possibility of cross-contamination between patients, the objective lens is disinfected with isopropyl alcohol before each use. A large drop of visco-elastic gel is applied to the end of the objective lens. The objective lens is brought forward until the gel comes into contact with the anaesthetized cornea (the objective lens never touches the cornea). The gel serves to optically couple the objective lens of the microscope to the cornea. As soon as the gel contacts the cornea, the computer monitor displays real-time images. The examination room is arranged in such a way that the operator can see the objective lens on the cornea and the video monitor in the same field of view. An automatic scan is then made through the anterior-posterior axis of the cornea. For each scan, 350 images are acquired at a rate of 25 frames per second, over a period of 14 s.









Laser-scanning confocal microscope


The objective lens of the laser-scanning confocal microscope is housed within a sterile disposable Perspex cap, known as a ‘Tomocap’. A drop of visco-elastic gel is placed on the tip of the objective lens before the Tomocap is mounted on top. The gel optically couples the objective lens to the Tomocap. The surface of the Tomocap is brought gently into contact with the cornea; this procedure is facilitated by a tangentially-mounted CCD camera, which displays a magnified, real-time image of the cap contacting the cornea.


Images are obtained using one of three possible examination modes. Section mode enables manual acquisition and storage of a single image at a time. The cornea is scanned manually in x, y and z axes and image capture is effected with the aid of a foot pedal. Volume mode allows automatic acquisition of up to 30 images, 2 µm apart, in the z-axis. Thus, a section of cornea 60 µm in depth can be scanned in this way. A series of 100 images can be acquired at a selected rate of between 1 and 30 frames per second in sequence mode. During image acquisition, the objective lens either may remain stationary or be manually scanned in the x, y and z axes. The result is a movie of between 3 and 100 sec. duration.












The normal cornea as viewed with the confocal microscope


A number of qualitative and quantitative studies have been undertaken documenting the appearance of the normal cornea as viewed with the confocal microscope. The greater image brightness and contrast of the laser-scanning confocal microscope results in improved imaging of certain features of the cornea,10 as can be seen from Figure 1.20 which compares images of various corneal substructures using the two instruments.
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Figure 1.20 Comparison of images of various corneal layers obtained with the Nidek white light slit scanning confocal microscope (left column) and the Heidelberg laser scanning confocal microscope. Cellular and nerve features are seen in much higher contrast in images obtained using the Heidelberg instrument.


(Courtesy of Patel and McGhee.10)















Optical coherence tomography


Optical coherence tomography (OCT) is a relatively new non-contact optical imaging technique that is capable of high-resolution micrometer-scale cross-sectional imaging of biological tissue.11 Although this technology was originally developed for imaging the retina, many instruments are capable of imaging the anterior eye. For example, the Topcon 3D OCT-2000 Optical Coherence Tomography instrument (Figure 1.21) captures 27 000 A-scans per second and uses 840 nm wavelength near-infrared radiation, which provides horizontal and longitudinal resolution of 20 µm and 5 µm, respectively.
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Figure 1.21 The Topcon 3D OCT-2000 Optical Coherence Tomography instrument.


(Courtesy of Topcon Medical Systems, Inc.)





The technique uses Michelson interferometry to compare a partially coherent reference beam to one reflected from tissue. The two beams are combined and interference between the two light signals occurs only when their path lengths match to within the coherence length of light. The magnitude and distance within the tissue of the reflected or back-scattered light at a single point are determined using a mirror system.11 A tomographic image is generated by simultaneously displaying 100 adjacent scans, whose acquisition time is approximately 1 second. The technique of OCT is thus analogous to ultrasound B-mode imaging, except that it uses light rather than sound, and performs imaging by measuring the back-scattered intensity of light from structures within the tissue. Strong reflections occur at boundaries between materials of differing refractive indices. The OCT two-dimensional scans are subsequently processed by a computer, which corrects for any axial eye movement artefacts that have occurred during the acquisition time. The scans are displayed using a false colour representation scale in which warm colours (red to white) represent areas of high optical reflectivity, and cool colours (blue to black) represent areas of minimal optical reflectivity. The image obtained represents a cross-sectional view of the structure under investigation, similar in appearance to a histological section.


The OCT has traditionally been used to image retinal complications in which tissues have become separated or changed in structure. These include macular oedema, posterior vitreous detachment, macular holes, retinal detachment, retinoschisis and optic nerve head changes.12 More recently, OCT has proven useful in evaluating the tear meniscus13 (Figure 1.22A), tear film14 and corneal epithelium15 during contact lens wear and contact lens/anterior eye fitting relationships (Figure 1.22B).16
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Figure 1.22 OCT images. (A) The lower lid tear meniscus showing the tear meniscus height.


(Courtesy of Lyndon Jones.)
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 (B) Soft lens aligning closely with the cornea.


(Courtesy of T. Hübner, British Contact Lens Association Slide Collection.)












Corneal topographic analysis


The aim of corneal topography (or keratoscopy) is to describe accurately the shape of the corneal surface in all meridians. In most cases, the technique uses a similar principle to keratometry, in that it determines the size of the image of a target reflected in the corneal surface, the primary difference relating to the fact that for keratoscopy a series of circular concentric targets are used (a Placido-disc image). This arrangement allows both central and peripheral curvature to be determined. Historically, a photographic record of the corneal reflection images was made (photokeratoscopy) and measurements calculated subsequently. Modern-generation topographers capture the image electronically on a computer and use sophisticated image-processing software to provide immediate analysis of the reflected image (videokeratoscopy). Using this technique it has been clearly demonstrated that the cornea is aspheric and can best be described as a flattening ellipse, whose rate of flattening is asymmetrical about its centre.


Modern topographers can be categorized into two distinct forms – reflective devices and slit-scanning devices.






Reflective devices


Reflective devices measure topography based on the reflection of mires from the anterior surface tear film, which of course is essentially identical in shape to the corneal surface.






Qualitative assessment


The most basic reflective device for assessing corneal topography is the Placido disc, which is simply a series of concentric black and white rings on a flat circular disc with a central sight hole. The disc is positioned in front of the cornea and the reflections are observed. Using this method, only gross irregularities in the corneal surface and very high astigmatism can be detected. Improved versions of the Placido disc include the internally illuminated Klein keratoscope,17 Loveridge grid18 and Tearscope-plus with corneal topography grid attachment (Figure 1.23).19
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Figure 1.23 Reflection of the NIBUT grid attachment of the Tearscope-plus (shown in Figure 1.15) as seen in the precorneal tear film. The time taken from eye opening to distortion or break-up of the reflected grid pattern is recorded as the non-invasive break-up time.


(Courtesy of Lyndon Jones.)












Quantitative assessment


Quantitative reflective devices (Figure 1.24) utilize the same basic principle of projecting a grid onto the cornea. The images are captured with a video camera and a computational approach is adopted to analyse the data and derive a description for the corneal shape.
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Figure 1.24 The Atlas corneal topographer from Humphrey-Zeiss. This is an example of a topographer that uses a reflective technique to obtain topographic data.


(Courtesy of Lyndon Jones.)





The images (or ‘maps’) produced by reflective or Placido-based keratoscopes display the power distribution of the corneal surface using colour-coded displays, in which greens and yellows represent powers characteristic of those found in normal corneas, blues or cooler colours represent flatter areas (low powers) and reds or hotter colours represent steep areas (high powers).20 These maps permit recognition of corneal shape through pattern recognition and swiftly reveal the presence of abnormal powers (Figure 1.25).
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Figure 1.25 Corneal topography map of a patient with keratoconus obtained from the Atlas corneal topographer. The steep, inferiorly positioned conus is clearly seen on this tangential map.


(Courtesy of Lyndon Jones.)





All devices display simulated keratometry (SimK) values, which are analogous to standard keratometry values, and simultaneously display the power and axis of the flattest meridian.


A number of manufacturers now produce hand-held topographers (Figure 1.26). These portable devices can prove very useful for examining children, the elderly and infirm, and for use in off-site consultations.
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Figure 1.26 The Marco KM-500 hand-held corneal topographer.


(Courtesy of Lyndon Jones.)















Slit-scanni.ng devices






Orbscan


The Orbscan corneal topography system (Figure 1.27) uses a scanning optical slit design that is fundamentally different from the corneal topography that analyses the reflected images from the anterior corneal surface. The high-resolution video camera captures 40 light slits at the 45° angle projected through the cornea similarly as seen during slit lamp examination. The software analyses 240 data points per slit and calculates the corneal thickness and posterior surface of the entire cornea. The anterior surface of the cornea is calculated using a combination of reflective corneal topography and optical slit scanning data. The Orbscan generates colour-coded plots of anterior and posterior topography (Figure 1.28).
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Figure 1.27 The Orbscan corneal topographer from Bausch & Lomb. This device uses a combination of reflective and slit-scanning techniques to obtain topographic and thickness data of the cornea.


(Courtesy of Lyndon Jones.)
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Figure 1.28 An Orbscan map of a keratoconic cornea. The top left plot describes the anterior surface shape using an elevation map and relates the shape to a reference sphere, as obtained by the Placido-disc image. The bottom left plot describes the shape in terms of a tangential power plot and clearly shows the position of the conus. The top right plot describes the posterior corneal surface shape using an elevation model, derived from the slit-scanning image. The bottom right plot provides pachometric data and indicates that the thinnest portion of the cornea is displaced inferiorly. The data in the centre provide simulated keratometry results and indicate the position and magnitude of the thinnest portion of the cornea.


(Courtesy of Lyndon Jones.)





Given that the posterior corneal surface contributes seven times less compared to the anterior surface to the refractive power of the cornea, refractive clinical abnormalities of the posterior surface are less significant than anterior surface abnormalities.


The accuracy and repeatability of the instrument is reported to be below 10 µm and, under optimal conditions, in the range of 4 µm in the central cornea and 7 µm in the peripheral cornea.21 In clinical practice, repeatability is dependent upon a range of factors, such as the eye movements, the ability of patients to keep the eye wide open and optical clarity of the cornea. The other limitations of current optical slit technology are the inability to detect interfaces (e.g. after LASIK flap) and the longer time of image acquisition and processing compared to standard Placido-based topography.









Pentacam


The Pentacam (Oculus, Lynnwood, Wash) uses a different method to image the cornea – Scheimpflug imaging. With this imaging paradigm, an oblique tangent can be drawn from the image, object and lens planes, and the point of intersection is the Scheimpflug intersection, where the image is in best focus. With a rotating Scheimpflug camera, the Pentacam can obtain 50 Scheimpflug images in less than 2 seconds. Each image has 500 true elevation points, resulting in a total of 25 000 true elevation points for the surface of the cornea.


The Pentacam actually has two cameras. One is for detection and measurement of the pupil, which helps with orientation and fixation. The second camera is used for visualization of the anterior segment. The Pentacam is able to image the cornea such that it can determine anterior and posterior surface topography, including curvature, tangential, and axial maps.


Advantages of the Pentacam include the following: (1) high resolution of the entire cornea; (2) ability to measure corneas with severe irregularities, such as keratoconus, that may not be amenable to Placido imaging; and (3) ability to perform pachometry from limbus to limbus. The Pentacam can also provide corneal wavefront analysis to detect higher-order aberrations.















Pachometry


Historically, the principal instrument used to measure corneal thickness is the pachometer, of which there are two major types, as described below.






Optical pachometry


Optical pachometry is based on the measurement of the apparent thickness of an optical section of the cornea, and its popularity is largely based on the commercial availability of a pachometer attachment for the Haag–Streit slit lamp. First, a split image device is inserted into one eyepiece of the slit lamp. The method depends upon the relative rotation of two glass plates, which are placed on top of each other. Rotation of the upper plate moves the upper half of the image of the cornea with respect to the fixed lower half. When the endothelium of the upper field is aligned with the epithelium of the lower field, the angle of rotation of the upper plate is read off an externally positioned scale. This measurement is proportional to the apparent thickness of the cornea, with true corneal thickness being determined by means of a conversion table. Because of the cumbersome methodology and subjectivity involved in image alignment, this technique is not often used today.









Ultrasonic pachometry


With the increasing interest in refractive surgery, it has become necessary for refractive surgeons to obtain rapid, repeatable measurements of corneal thickness. In many cases, this measurement is undertaken by support staff, who often have minimal slit-lamp skills. These factors have resulted in the development of simpler objective methods for the assessment of corneal thickness, and ultrasonic pachometry has become the method of first choice in many practice settings.


The ultrasonic pachometer is based on traditional A-scan ultrasonography, where the recording is in one dimension only, as compared with B-scan instruments, which provide a two-dimensional view of the eye. Ultrasound is transmitted to the eye from a transducer. Sound is reflected back to the transducer from tissue interfaces, which possess different acoustic impedances, enabling the distance from the ultrasound probe at the anterior epithelial interface to the endothelium–aqueous interface to be determined. The transducer measures the time difference between the pulse signals obtained at the two interfaces and computes the corneal thickness based on this time delay and the velocity of sound in corneal tissue, which is approximately 1580 m/s at body temperature. A direct measurement of corneal thickness is then displayed on a digital readout.


Prior to undertaking ultrasonic pachometry, the cornea is anaesthetized and the patient slightly reclined (Figure 1.29).





[image: image]

Figure 1.29 An ultrasonic pachometer evaluation. The eye is anaesthetized and the probe touched to the cornea. Readings are digitally recorded once the angle of inclination of the probe is correct.


(Courtesy of Lyndon Jones.)





Potential sources of error in measuring corneal thickness include holding the probe at an oblique angle to the cornea and measuring away from the central corneal apex, both of which would result in elevated readings of central corneal thickness (because corneal thickness increases from the centre to the periphery). The majority of modern instruments include a mechanism whereby a reading is not displayed if the probe is positioned such that there is excessive deviation from the perpendicular. The operator can use the pupil as a centering target, and using these adaptations, the measurements obtained are valid for clinical use.


As discussed previously, corneal topographers that are capable of imaging the anterior and posterior corneal surfaces – such as the slit-scanning Orbscan and Pentacam devices – can generate maps of corneal thickness profile across the cornea (see Figure 1.28).












Corneal aesthesiometry


The cornea is richly innervated and is one of the most sensitive tissues in the body. Corneal sensitivity is a useful indicator of corneal disease and can help to determine physiological stress from wearing contact lenses. At the most basic level, a clinician can test if a patient has an anaesthetic cornea by twisting the corner of a paper tissue, lightly touching it against the cornea (approaching from the side), and asking the patient if they could feel anything. A negative response indicates an anaesthetic cornea.


Total corneal anaesthesia is rare and is more likely caused by higher neural pathology than any effects of contact lenses. However, subtle deficits in corneal sensitivity can occur in association with contact lens wear under certain conditions such as severe hypoxic stress. To measure such deficits, quantitative techniques are required, using contact or non-contact paradigms.






Contact corneal aesthesiometry


Measurement of corneal sensitivity in the clinical setting has traditionally been achieved by using a Cochet–Bonnet aesthesiometer (Figure 1.30).22
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Figure 1.30 The Cochet–Bonnet aesthesiometer being used to measure corneal sensitivity. A fine nylon thread of a set length is advanced towards the eye and the patient is asked to report when they first feel the thread touching the corneal surface.


(Courtesy of Lyndon Jones.)





This device can be hand held or mounted on a slit lamp, and uses a single nylon thread to produce various forces, by varying its length in 0.5 cm steps (the longer the thread, the lighter is the force). The filament is lightly placed onto the cornea by the clinician using a support that allows manipulation in the x–y–z planes, whilst being viewed through the slit lamp. The subject reports when they can feel the thread touching their ocular surface, and the length of thread at which this occurs is recorded. The corneal touch threshold is defined as the length of the nylon filament at which the subject responds to 50% of the number of stimulations. This length is converted into pressure using a calibration curve and the reciprocal of this value gives the corneal sensitivity. Using this technique, it has been demonstrated that corneal sensitivity varies with surface location and is altered by age, iris colour, ambient temperature, time of day, contact lens wear and pregnancy.









Non-contact corneal aesthesiometry


Murphy et al.23 have described how corneal sensitivity can be measured using this novel non-invasive method. The non-contact corneal aesthesiometer (NCCA) uses controlled pulses of air of varying pressures to stimulate the cornea (Figure 1.31A & B). It measures the threshold sensitivity to a composite stimulus consisting of air pressure along with tear film evaporation and disruption.
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Figure 1.31 Custom-made non-contact corneal aesthesiometer configured here as an accessory to a slit-lamp biomicroscope. (A) The electronic control console is mounted beneath the slit lamp table. This is connected to a tank of compressed instrument-grade air. A controlled pulse of air is delivered to the cornea through a blue nylon tube to a brass nozzle mounted in front of the cornea of the subject. The air pulse is activated by a foot pedal. (B) Air jet nozzle positioned about 2 cm from the cornea, ready for determining puff sensation threshold.


(Courtesy of Nicola Pritchard.)





The advantage of NCCA over the Cochet–Bonnet aesthesiometer is that a large, continuous range of stimulus intensities can be produced. Furthermore, the stimulus is more precise and sensory-specific, testing is less variable than with use of a filament, there is no corneal micro-trauma and patient apprehension is minimized.23 The NCCA can assess the corneal sensation threshold in an accurate and repeatable manner, and it has been shown to be better at measuring lower stimulus thresholds than the Cochet–Bonnet aesthesiometer.24 The NCCA is not commercially available, is expensive to make and is not as portable as the Cochet–Bonnet aesthesiometer.


With time, it is likely that devices based on these approaches will become commercially available, and aesthesiometry will become an important technique in contact lens practice.












Conclusion


As in all fields of medical technology, significant developments have occurred in the field of ophthalmic imaging that have revolutionized our capacity to examine the anterior ocular structures in considerable detail, and to quantify ocular parameters with great accuracy. Although the wide array of new and sophisticated equipment available today can greatly assist ophthalmic practitioners in understanding the ocular response to contact lens wear, the mainstay of ocular examination remains the slit lamp biomicroscope. This cost-effective and reliable instrument allows a readily-accessible, magnified, stable, three-dimensional view of the anterior eye, facilitating ready diagnosis of the vast majority of contact lens complications of immediate clinical significance.


As with any other clinical procedure, proficiency at using the slit lamp biomicroscope will only come with clinical experience. All practitioners, whether experienced or novice, should invest time studying the features of an instrument that is being used for the first time, whether it be a newly-acquired instrument or an existing instrument in a new and unfamiliar practice setting. The full diagnostic potential of a slit lamp biomicroscope can only be realized if the location and mode of operation of all controls, filters, mechanical adjustment mechanisms etc. are known and understood, and used creatively.
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* The term ‘JPEG’ is an acronym for the Joint Photographic Experts Group, which created the standard.










Chapter 2Grading scales


In all health care disciplines, it is important to record as accurately as possible the clinical signs observed in patients. Classically, this has involved a discursive account of the condition being entered onto a record card. The severity of the condition would be recorded using wording that offers a general connotation of the level of severity, such as ‘mild’ or ‘severe’. A potential problem with this approach is that these terms are somewhat general and can lead to miscommunication. What appears to be ‘mild’ to one clinician may seem to be ‘severe’ to another.


As an aid to accurate record keeping, health care practitioners of all disciplines have become accustomed to using standardized grading scales of various functions and qualities. A grading scale may be defined as: ‘A tool that enables quantification of the severity of a condition with reference to a set of standardized descriptions or illustrations’. In essence, grading scales offer clinicians a ‘common language’ for describing clinical phenomena.


In the contact lens literature, descriptive grading scales1-3 have taken the form of an agreed series of numbers or letters, each of which corresponds to a written account of the severity of a condition. The clinician makes a judgement of the severity of a condition that is being observed with reference to the descriptive grading scale and records the appropriate number or letter.


Illustrative grading scales represent a more advanced form of denoting the severity of a clinical condition (Figure 2.1). A series of photographs, paintings or drawings depicting a given condition in various stages of severity offers the clinician a visual reference against which the severity of a condition can be assessed and future changes in severity may be judged. A number of ad hoc photographic grading scales have been published in the contact lens literature relating to specific conditions such as corneal staining,4 conjunctival redness,5 conjunctival staining6 and papillary conjunctivitis.7,8
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Figure 2.1 Grading scales (A4 card version) in use.




A number of authors have developed systematic sets of grading scales for a representative range of the most frequently viewed and clinically relevant conditions encountered in contact lens practice. This chapter will review the various grading scales that have been produced, and will explain in detail the clinical application of the Efron Grading Scales, which are presented in Appendix A.






Illustrative grading scales


Five sets of illustrative grading scales have been developed for use in contact lens practice. For any given complication, a typical grading scale is comprised of a series of five images, from grade 0 (normal) to grade 5 (severe). These are discussed below in chronological order of publication.






Koch grading scales


These grading scales were published in 1984 as an appendix entitled ‘Atlas of Illustrations’ in an A5-sized soft-cover textbook published by Koch et al.9 The grading scales were prepared by a medical artist named Perrin Sparks Smith, and are in the form of line sketches. Most of the sketches are white on black or black on white, with some use of red, green or grey block colour. Many of the illustrations are supplemented by a written description.









Annunziato grading scales


In about 1992, Annunziato et al.10 published an atlas comprising 130 A4-sized loose-leaf pages secured in a 3-ringed binder. This work was sponsored by Alcon Ltd. and was conducted under the auspices of the Southwest Independent Institutional Review Board (an ophthalmic clinical trials research group) in Fort Worth, Texas, USA. The grading scales were in the form of full-colour paintings and the ophthalmic artist was Monte Lay. Most of the paintings are accompanied by a brief description of the condition and salient features are highlighted with the aid of a black and white line diagram.









Brien Holden Vision Institute grading scales


The Brien Holden Vision Institute (BHVI) Grading Scales* were first formally published in 1997,11 although they were released prior to this and distributed initially as an A2-sized poster, and subsequently in the form of an A4-sized plasticized card. All of the conditions are depicted in the form of slit lamp photographs without accompanying text. Guidance is also given for grading certain conditions for which a series of graded photographs is not provided. The development of the scales was sponsored by an educational grant from Johnson and Johnson Vision Care.












Vistakon grading scales


An A5-sized spiral-bound handbook of contact lens management was published by Johnson and Johnson Vision Care in 1996, under the authorship of Andersen et al.12 All of the illustrations are slit lamp photographs. Although this book was primarily intended to be a guide to the management of contact lens complications, most of the conditions are presented in the form of a series of numbered photographs in varying degrees of severity, and as such it essentially constitutes a series of grading scales. The photographs are accompanied by explanatory text.









Efron grading scales


The first edition of these grading scales was published in the first edition of this book in 1999,13 although they were released prior to this and distributed simultaneously in the form of an A1-sized poster and an A4-sized plasticized card in a protective slip case that contained instructions for use. These grading scales were painted by the ophthalmic artist Terry Tarrant, and the development of the scales was sponsored by Hydron UK, Ltd. (now CooperVision Ltd.). The first edition of the grading scales depicted eight complications of contact lens wear, whereas the second edition, as presented in Appendix A of this book, depicts 16 complications.


The second edition was officially released as the ‘Millennium Edition’ in 2000, and has been available in card and poster form since 1 January 2000. A handy plastic-coated A4-sized version of these grading scales, which comes in a handsome protective slipcase with comprehensive instructions for use, is available free in Europe from CooperVision and in North America from Johnson and Johnson Vision Care.












Comparison of grading scale designs


Contact lens practitioners may come across clinical notes which have recorded the severity of a given complication with reference to any of the five sets of grading scales described above (a coherent set of grading scales is sometimes referred to as a ‘grading system’). For this reason, practitioners need to be aware of the characteristics of these scales and the way in which they compare.






Grades depicted


The Koch and BHVI scales only depict grades 1–4 (not grade 0). Grade 0 is depicted for some of the complications included in the Vistakon system. The Annunziato and Efron systems display grades 0–5 for all complications. Depictions of grade 0 are often useful as a baseline reference when grading complications of low severity.









Severity descriptors


The descriptions attached to the five grades of severity differ somewhat between grading systems; these are cited in Table 2.1. Severity descriptors are not assigned to the grades in the Koch system. In the other four systems, grades 0 to 2 have slightly different meanings, whereas grades 3 and 4 are described as ‘moderate’ and ‘severe’, respectively. Thus, allowing for subtle differences in nomenclature, all five systems have the same 5-point grading system and have adopted remarkably similar descriptors for these grades.




Table 2.1 Severity descriptors used in various grading scales
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Sub-classifications


In the Koch and Efron systems, a single grading scale comprising five images is used to depict different levels of severity of each complication. However, in the Annunziato, BHVI and Vistakon systems, a single complication can be ‘sub-classified’ and depicted in the form of a number of grading scales so that different manifestations of that complication can be graded. For example, in the BHVI system, three grading scales are employed to facilitate an independent assessment of the severity of corneal staining in terms of type, depth, and extent.









Conditions depicted


Putting aside sub-classifications, the number of primary conditions depicted varies markedly between grading systems, from six sets of primary grading scales in the BHVI system to 16 in the Efron system. The primary conditions depicted in each of the five grading systems are presented in Table 2.2.




Table 2.2 Complications depicted in various grading scales
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A number of interesting observations can be made from Table 2.2:




• A total of 21 complications have been depicted in all of the grading systems combined.


• A grand total of 53 grading scales have been developed in all of the grading systems combined.


• Only three conditions are depicted in all five grading systems: conjunctival redness, corneal staining and papillary conjunctivitis.


• One condition is unique to the Koch system, one to the Annunziato system, three to the Vistakon system and three to the Efron system.












Photographic vs. painted grading scales






Problems with photographic grading scales


The advantage of photographic grading scales is that images of actual conditions are depicted. However, certain difficulties are encountered when compiling photographic grading scales. An immense slide library is required – but even if such a resource is available, a number of compromises are necessary. For example, a given condition such as neovascularization can present in many different forms, and it is generally not possible to identify a series of photographs that display precisely the same manifestation of that condition at various levels of severity.


The clinical utility of series of photographs of a given condition at varying levels of severity may be confounded by the fact that the photographs are invariably of different patients who have different ocular characteristics such as iris colour, conjunctival vasculature, pupil size, and lid anatomy. Furthermore, photographs are taken from various angles, at different magnifications, with various illumination conditions, using different levels of staining etc. Inconsistencies in colour rendering of sequential images can occur as a result of the use of different types of photographic film and variations in photographic processing techniques, or the use of different electronic settings with digital photography. The precise level of severity of a condition may not be available from the slide library, leading to further compromise.


Some complications such as epithelial microcysts or stromal striae and folds are extremely difficult to photograph; indeed, few photographs of such conditions exist. This artificially constrains the range of complications from which a series of graded photographic images can be compiled.









Advantages of painted grading scales


The advantages of using artist-rendered (painted) versus photographic grading scales are as follows:




• The desired level of severity of a given condition can be depicted.


• Any chosen manifestation of a given condition can be illustrated.


• The severity of the manifestation of a given condition can be systematically advanced through the image set.


• All images of a given complication can be painted using precisely the same colour scheme, and can be standardized with respect to angle of view, magnification, and associated ocular features (such as iris colour).


• Confounding artefacts unrelated to the complication being depicted (such as associated or secondary complications) can be avoided.


• Ancillary clues can be introduced to reinforce the notion of increasing severity (such as increasing light scatter of the slit lamp illumination reflex or increasing limbal redness).


• Artistic licence can be adopted to embellish certain features or obscure others for clarity.





Many of the design features described above can be seen, for example, in the grading scale sequence for corneal neovascularization in Appendix A. The key pathological change is obvious – vessels of a given type (superficial plexus) progressively encroach onto the cornea from the 6 o’clock location. Associated subtle pathological signs are deliberately painted in to reinforce the notion of a worsening condition: the limbus becomes progressively more engorged, the corneal slit lamp reflex becomes progressively more diffuse, and the central cornea becomes progressively hazier. All other factors are kept constant: the full cornea is depicted from the same angle (‘front on’) in each case, iris size is constant, and the iris detailing and colouring is identical in each of the five frames. All of these features combine to form a powerful, self-evident and unambiguous sequence of progressive corneal neovascularization.















Efron Grading Scales: design and application


Since the Efron Grading Scales are featured in Appendix A of this book, detailed consideration will be given to the design principles that have underpinned their development and appropriate techniques for their clinical application will be described.






Design features


The primary design criteria upon which the Efron Grading Scales are based are simplicity, convenience and ease of use by clinicians. Sixteen sets of grading images are depicted in two panels, each comprising eight complications. Each complication has a banner heading. These 16 grading scales cover the key anterior ocular complications of contact lens wear. Those shown on the panel beginning with ‘conjunctival redness’ are frequently encountered; those in the other panel are less common and thus are less likely to be graded routinely. On each panel, complications are depicted in the approximate order that they would be encountered in the course of a typical slit lamp examination of the eye.


As noted above, each complication is illustrated in a row of five images depicting progressively increasing severity, from grade 0 on the left to grade 4 on the right. ‘Traffic light’ colouring from green (normal) to red (severe) is used to border the images to facilitate ready association of any image with its intended level of severity, without the need to cross-reference the image against the grade numbers and descriptors at the top of each panel. The gradation of severity of the complications, and the maximum level of severity depicted, are based on an appraisal of evidence in the literature and accumulated clinical experience.









Image size


Each complication has been painted to an equivalent level of magnification that addresses the compromise between (a) being large enough to depict the key features of the tissue changes; and (b) being low enough to relate to what practitioners can observe with available clinical techniques. The approximate magnification of each complication (relative to a whole cornea depicted as ×1) is given in Table 2.3. Figure 2.2 shows the 16 complications at grade 4 severity (each of which is identified by a letter code in Table 2.3), and indicates the approximate magnification of the images with a series of size boxes.


Table 2.3 Magnification of complications (relative to a whole cornea being ×1) depicted in the Efron Grading Scales






	Complication

	Magnification

	Image depicted in Figure 2.2







	Corneal staining

	×1

	A






	Corneal ulcer

	×1

	B






	Corneal infiltrates

	×1

	C






	Corneal neovascularization

	×1

	D






	Papillary conjunctivitis

	×1

	E






	Meibomian gland dysfunction

	×1

	F






	Blepharitis

	×1

	G






	Superior limbic keratoconjunctivitis

	×2

	H






	Limbal redness

	×2

	I






	Conjunctival staining

	×2

	J






	Conjunctival redness

	×2

	K






	Corneal distortion

	×2

	L






	Corneal oedema

	×40

	M






	Epithelial microcysts

	×100

	N






	Endothelial blebs

	×200

	O






	Endothelial polymegethism

	×600

	P
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Figure 2.2 The 16 complications represented in the Efron Grading Scales (presented in full in Appendix A), depicted here at grade 4 severity. The approximate magnification of each complication (relative to the whole cornea being ×1 magnification) is indicated by coloured boxes interposed over the image of the eye. The 16 complications are labelled with a letter code and are identified in Table 2.3.




As a consequence of the magnification levels at which these complications have been depicted, some exceptions relating to grading technique need to be noted:




• Epithelial microcysts and endothelial blebs cannot be viewed clinically at the magnification depicted, although they can be detected and graded at ×40 magnification on a slit lamp biomicroscope, and


• Endothelial polymegethism can only be assessed with the aid of an endothelial or confocal microscope.





All other complications can be viewed at the magnification depicted and are capable of being graded by direct observation and/or using a slit lamp biomicroscope at magnifications up to ×40.









How to grade


Observe the tissue change of interest directly or with the aid of a slit lamp biomicroscope, under low and/or high magnification as required, and estimate the level of severity with reference to the appropriate grading scale to the nearest 0.1 scale unit. For example, a tissue change that is judged considerably more severe than grade 2, but not quite as severe as grade 3, may be assigned a grade of 2.8 or 2.9. Although this procedure can sometimes be difficult, grading to the nearest 0.1 scale unit (rather than simply assigning a whole digit grade of 0, 1, 2, 3 or 4) affords much better grading performance by way of increasing the sensitivity of the grading scale for detecting real changes or differences in severity.14









How to record grading


Because various grading scales are available, it is important to clearly designate the grading system used and the specific tissue change being graded. A more expedient approach might be to print or stamp the 16 tissue changes onto a record card, each with an accompanying box, for entering the assigned grade. It may be necessary to make additional annotations on an accompanying set of printed sketches of the eye to more fully describe the condition – e.g. to indicate the location of the pathology (Figure 2.3).
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Figure 2.3 Suggested design of record card for use in conjunction with the Efron Grading Scales.











Interpretation of grading


The 5-stage 0 to 4 grading scale is based on a universally accepted concept whereby a higher numeric grade denotes greater clinical severity. In general, a level of severity of more than grade 2 is considered clinically meaningful. This schema can be applied to any tissue change, even those not depicted on any given grading scale. Severity descriptors, colour code and clinical interpretation of the grades illustrated in the Efron Grading Scales are shown in Table 2.4; it must be recognized that the clinical interpretations are only very general guidelines, and are not intended to replace sound professional judgement. There are two exceptions with respect to the interpretations described in Table 2.4. Corneal ulceration may require urgent action when detected or even suspected at any level of severity. Endothelial blebs require no clinical action even at grade 4.




Table 2.4 Severity descriptor, colour code and clinical interpretation of the grades illustrated in the Efron Grading Scales
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Grading performance


Despite the apparent consistency in the construct of the five grading systems for contact lens complications, the various grading scales were developed independently and take on different appearances; therefore, grading estimates of the severity of a specific condition derived using the different systems can not necessarily be expected to be identical. For example, inspection of grading scales relating to papillary conjunctivitis (Figure 2.4) in the five systems reveals clear differences between the ranges of severity depicted for like conditions.





[image: image]

Figure 2.4 Grading scales for papillary conjunctivitis.


(Adapted from Efron N, Morgan PB, Katsara SS. Validation of grading scales for contact lens complications. Ophthalmic Physiol Opt 2001;21:17–29.)









Statistical descriptors


The classical approach for assessing grading performance is to have a clinician grade the severity of a large number of images of contact lens complications of differing severity presented in a random sequence (’test’), and then to have the same clinician repeat this exercise some time later with the images presented in a different randomized sequence (’retest’). The clinician must grade to the nearest 0.1 grading scale unit, and the assumption is made that the clinician does not remember the grades assigned at the first attempt when making the second attempt; that is, the grading attempts are independent. Having done this, the data can be used to derive various useful indices of grading performance, as follows.






Concordance


The frequency of perfect agreement between grades assigned. For example, if 100 images were independently graded on two occasions, and there was perfect agreement on 12 occasions, there would be 12% concordance. The issue being addressed here is: how often do your repeated grading estimates agree?









Sensitivity


’Sensitivity’ is more a characteristic of the grading scale rather than the observer. A grading scale can be said to have ‘fine’ or ‘course’ sensitivity. A grading scale that accords fine sensitivity will result in superior grading performance; that is, better reliability, consistency and confidence (see below). The converse is true of a grading scale that accords course sensitivity. The issue being addressed here is: what is the capability of the grading scale to facilitate the detection of a change or difference in severity of an observed condition?









Precision


The difference between grading estimates among colleagues. The issue being addressed here is: do you grade high or low compared to colleagues?









Accuracy


The difference between grading estimates and a ‘gold standard’. The issue being addressed here is: do you grade high or low compared with the gold standard (’the truth’)?









Reliability


This is mathematically defined as ±1 standard deviation of test/retest distribution. The issue being addressed here is: how tightly clustered are your repeated grading estimates?









Consistency


This is mathematically defined as (1.96× reliability), and is also termed the ‘co-efficient of repeatability’ or ‘95% confidence limits’. The issue being addressed here is: what is the range within which your grading estimates cannot be considered to differ or change? Or putting it another way: what is your ‘level of sloppiness’ when grading’?









Confidence


The extent to which grading is executed in fine increments. The issue being addressed here is: to what extent do you have the confidence to grade to the nearest 0.1 grading scale unit?









Bias


This is mathematically defined as the mean of the test/retest discrepancies. The issue being addressed here is: has there been a shift in your grading criteria between the first and second testing sessions?









Research studies


A number of research studies have investigated the impact of various factors on grading performance. Typically, grading is performed with reference to clinical photographs of contact lens-associated pathology. The advantage of this approach is that the grading performance of different observers can be assessed at different times (i.e. during different experimental sessions) in respect of a single constant image. There is little practical difference between grades assigned to pathology depicted in a static image versus a moving, blinking eye.15


The grading performance of a group of clinicians using two artist-rendered (Annunziato and Efron) and two photographic (Vistakon and BHVI) grading systems was assessed in terms of precision and reliability by Efron et al.16 Specifically, thirteen clinicians each graded 30 images – by interpolation or extrapolation to the nearest 0.1 increment – of each of the three contact lens complications that were common to all four grading systems; namely, corneal staining, conjunctival redness and papillary conjunctivitis. This entire procedure was repeated approximately 2 weeks later, yielding a total database comprising 9360 individual grading estimates.


Analysis of variance revealed statistically significant differences in both precision and reliability between systems, observers and conditions. The artist-rendered systems generally afforded lower grading estimates than the photographic systems.16 The reason for this becomes readily apparent upon inspection of Figure 2.4. It is clear that higher grades of papillary conjunctivitis depicted in the painted grading scales (Annunziato and Efron) represent greater levels of severity than those depicted in the photographic grading scales (BHVI and Vistakon). For example, the grade 4 image in the BHVI scale would perhaps be equivalent to about grade 2.5 on the Efron scale. It is unlikely that the narrow severity range of the photographic systems was a deliberate design strategy, but instead was due to a lack of suitable photographs of severe conditions.


In view of these significant between-system differences in grading performance, it is advisable to consistently use the same grading system. However, it is sometimes necessary to compare grading estimates obtained using different scales, e.g. when evaluating results from published clinical trials from groups who use different grading scales. Such comparisons can be made with the aid of conversion tables such as those published by Schulze et al.17


Complications could be graded more reliably using the artist-rendered systems than with the photographic systems.16 This finding may be related to the greater control over the progression of severity that an artist can depict, compared with the situation with respect to photographic grading scales whereby the selection of images designed to represent a systematic progression of severity is constrained by the availability of suitable images.


Conjunctival redness and papillary conjunctivitis could be graded more reliably than corneal staining.16 This may be due to the greater variability in the manifestations of corneal staining patterns that can be observed, versus the more characteristic and predictable clinical presentations of conjunctival redness and papillary conjunctivitis. Grading reliability was generally unaffected by the severity of the condition being assessed.


Efron el al.16 concluded that, notwithstanding the above differences, all four grading systems are validated for clinical use. It was determined that practitioners can initially expect to use these systems with an average reliability of ±0.6 grading scale units. The estimates of grading reliability reported by Efron el al.16 were somewhat inferior to those reported elsewhere (Table 2.5) and may be related to the level of experience and/or training of the subjects used in their experiments (see below).




Table 2.5 Grading reliability and subject experience/training reported in various studies


[image: image]




Perhaps one way of interpreting the data in Table 2.5 is that, when using grading scales for the first time, a confidence range of about 1.2 is to be expected; however, with experience, this confidence range may improve to 0.7 grading scale units. Rounding this value upwards for a conservative estimate, it can be considered that, in general, a change or difference of more than about 1.0 grading scale unit is considered both statistically significant and clinically meaningful. This conclusion was also reached by Efron27 in an experiment conducted on over 400 observers who all performed the same grading exercise. Practitioners can determine their own grading precision using a Grading Tutor (see Chapter 3).


Efron et al.16 reported that they were disappointed, but not surprised, to observe that the experimental subjects tended to grade to the nearest whole-digit or half-digit grading scores, as evidence from inspection of the frequency distribution of all grading estimates made during the experiment (Figure 2.5). This occurred despite constant encouragement to the subjects to grade to the nearest 0.1 grading scale increment. This observation highlights the natural reluctance of clinicians to grade using fine increments.14 Nevertheless, a recent survey of grading behaviours in clinical practice28 revealed that 76% of optometrists surveyed used a method of incremental grading rather than simply grading with whole numbers.
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Figure 2.5 Frequency distribution of all grading estimates of the severity of a range of contact lens complications (n = 9360).


(Adapted from Efron N, Morgan PB, Katsara SS. Validation of grading scales for contact lens complications. Ophthalmic Physiol Opt 2001;21:17–29.)















Influence of knowledge, training and experience


A number of factors are likely to influence the accuracy and reliability of grading estimates when using clinical grading tools, including the design and presentation of the grading tool, the complexity and/or severity of the condition being graded, and the time constraints within which grading must be executed (or other extraneous pressures on performance). There are also a number of attributes of the person executing the grading which are likely to influence grading performance; these attributes can be broadly defined as a ‘clinical skills set’, the components of which fall into the following three categories:






Knowledge


This attribute refers to the relevant knowledge of the person executing the grading.29,30 Specifically, it relates to the broad knowledge base that underpins the clinical task under consideration, which in this case is the use of grading scales for contact lens complications. The ‘knowledge base’ that underpins this task would be acquired by a broad education in ophthalmic science and clinical practice, and a specific education in the field of contact lenses and related ophthalmic pathology such as would be gained after having trained as an optometrist or ophthalmologist.









Training


Training refers to the extent of instruction/learning with the specific grading tool. This attribute is concerned with dedicated instruction and training in the theoretical development and clinical application of grading scales for contact lens complications. Such training could occur in the form of lectures, tutorials or clinical workshops, or via the use of purpose-designed training packages such as the Efron Grading Tutor (see Chapter 3).









Experience


This is the accumulated amount of time using the grading tool. This attribute relates to the repeated use of a grading scale, whereby grading performance might be expected to improve over time because of accumulated experience and ongoing learning by ‘trial and error’.









Grading performance of those with the ‘clinical skills set’


It might be supposed that a professional with the above-defined clinical skills set would demonstrate superior grading performance compared with a person who does not possesses this clinical skills set. On the other hand, it could be argued that clinical grading using a pictorial grading scale is a simple visual matching task and that such a clinical skills set is not necessarily required for good accuracy and reliability.


Efron et al.31 conducted a study to investigate the combined influence of knowledge, training and experience (i.e. the possession of a clinical skills set) on various aspects of grading performance (i.e. accuracy, reliability, bias and interpolation) when assessing the severity of contact lens complications.


Nine optometrists (who were in possession of a relevant clinical skills set) and nine ‘non-optometrists’ (management and engineering university students who were by definition without the relevant clinical skills set) were each invited to grade – to the nearest 0.1 increment – an image of each of 16 contact lens complications using Efron scales. This procedure was repeated 2 weeks later, yielding a total database comprising 576 individual grading estimates. The mean of the test and retest grading estimates was the same for the optometrists (2.8 ± 0.7) and the non-optometrists (2.6 ± 0.9); that is, non-optometrists can grade accurately. The median grading reliability of the optometrists (±0.41) was statistically significantly lower (i.e. superior) than that of the non-optometrists (±0.67) (Figure 2.6). Non-optometrists tended to display a reluctance to grade by interpolation and to less reliably grade subtle clinical signs.
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Figure 2.6 Plot of test/retest grading discrepancies versus mean of the test/retest grading estimates of the severity of a range of contact lens complications, for optometrists (left graph) and ‘non-optometrists’ (right graph). The solid line in each graph represents the mean of the test/retest discrepancies and the dotted lines represent the 95% confidence limits of the test/retest discrepancies (n = 144 for each graph).


(Adapted from Efron N, Morgan PB, Jagpal R. The combined influence of knowledge, training and experience when grading contact lens complications. Ophthalmic Physiol Opt 2003;23:79–85.)





Efron et al.31 concluded that, when averaged over several attempts, non-optometrists will arrive at similar estimates of severity as optometrists when grading ocular complications of contact lens wear; however, they will do so less reliably. Thus, possession of the clinical skills set is not required to grade accurately, but at least certain elements of the clinical skills set are required for reliable grading.


Cardona and Serés32 came to similar conclusions. They noted that knowledge intensity and specificity both contribute to improve grading skills, albeit through different mechanisms. They also suggested that an intermediate knowledge of contact lens complications and a basic training in pathology is required to attain good grading accuracy.









Impact of experience and training on grading performance


The experiment described above did not address the question of the relative contributions of the three attributes of the clinical skills set to grading reliability. To examine this, Efron et al.33 conducted a further experiment whereby the influence of experience and training on grading reliability was assessed on a group of subjects with a common knowledge base.


Twenty three optometry students who were unfamiliar with the use of grading scales each used the Efron Grading Tutor computer program (described in Chapter 3) to ascertain grading reliability at an ‘initial’ experimental session and a ‘final’ session 3 weeks later. Twelve subjects were given a tutorial on grading techniques and were asked to complete two grading exercises between the initial and final sessions; this was designated as the ‘trained’ group. The other 11 subjects (the ‘untrained’ group) received no such training between the two sessions. Differences in grading reliability between the initial and final grading sessions were evaluated for both groups.


Grading reliability was superior (lower) for the combined subject cohort at the final visit (mean ± standard deviation 0.33 ± 0.12) compared to the initial visit (0.46 ± 0.25). However, there was no difference in the improvement in grading reliability between the two groups. From this, Efron et al.33 concluded that grading reliability improves statistically with some experience, although perhaps not to a clinically meaningful extent. No added benefit can be derived from supplemental training in terms of grading reliability.












Grading under time constraints


To investigate the effect of observation time on the precision of grading the severity of contact lens complications, Efron and McCubbin24 asked 25 optometry students to use the Efron scales to grade the severity of one image of each of the 16 forms of anterior eye pathology depicted in these scales. This procedure was repeated for observation times of 0.1, 2, and 60 s. Overall, significantly greater grading precision (smaller standard deviation of mean grades) was demonstrated for longer observation times (p < 0.004); however, certain complications appear to require longer observation times for precise grading. There was a highly significant dependence of the mean grade on image (p < 0.0001), observation time (p < 0.0001), and observation time-image interaction (p < 0.0001). It was concluded that a brief viewing time of a few seconds is typically all that is required for precise grading of ocular complications of contact lens wear. Some forms of pathology are more complex and may require more time to grade precisely.









Grading in practice


Efron et al.34 conducted a study to investigate the extent and pattern of use of grading scales in optometric practice. An anonymous postal survey was sent to 756 optometrists and information was elicited relating to level of experience, practice type and location, and mode of usage of grading scales. Survey forms were returned by 237 optometrists, representing a 31 per cent response rate. The majority of respondents (61%) reported using grading scales frequently in practice; 65% of these preferred to use the Efron scales. Seventy-six per cent of optometrists use a method of incremental grading rather than simply grading with whole numbers.


Grading scales are more likely to be used by optometrists who (a) are more recently graduated (p < 0.001); (b) have a postgraduate certificate in ocular therapeutics (p = 0.018); (c) see more contact lens patients (p = 0.027); and (d) use other forms of grading scales (p < 0.001). The most frequently graded ocular conditions were corneal staining, papillary conjunctivitis and conjunctival redness. The main reasons reported for not using grading scales included a preference for sketches, photographs or descriptions (87%) and unavailability of scales (29%).


Grading scales were used for a variety of purposes, including assessing severity of conditions, communication with other professionals, making comparisons between patients, informing treatment decisions and patient education.












Conclusions


The grading scales presented in Appendix A have been devised as a clinical aid to accurate record keeping. These grading scales provide a practitioner-friendly means of recording adverse responses to contact lens wear and monitoring changes in severity over time. The assignment of general guidelines relating to the necessity for clinical action with respect to each level of severity can be of assistance to clinicians in formulating a general framework for patient management. The grading scales will also nurture a common language that can assist practitioners in communicating clinical information within and beyond the confines of contact lens practice.


Clinicians are encouraged to use grading scales as part of their routine contact lens practice so as to foster a disciplined and consistent approach to clinical decision making, which will ultimately be to the benefit of our patients. As a general rule, a change or difference of more than about 1.0 grading scale unit, or an absolute level of severity of more than grade 2, is considered clinically meaningful.
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- Dyepe
- wiorse in morning
* Lens imolrance

68

Buring

Iching

Hid photophobia
Foreign body sensation
Dry eye

- worse in morring
* Lens inolrance

« Symptoms less severe
than staptylococeal

p.68

Pathology
« Staphyiococcalendotoninduced
complcations inciude
-~ low orade conjonciiis
- torc punctat epihefopathy

p.88

« Staplylococcal endotoxininduced
complietions incude:
- low grade conjuncits
- toric punctate epitheliopathy

p. 68
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* Increased turnover of ductal
epidermis

+ Abnormal meibormian ols
- more keratin protene.

+ Absence of i rubbing

». 6061

Typically acute staphylococeal

infection

« Often occurs in patints with
staphylococeal anterior blephariis

p.67

Typically acute staphylococea

infection

+ Often occurs in patints with
staphylococeal antrior blephariis

.64

Warm compresses
Heating devices

Lid scrubshygiene
Wechanical expression
Artibitics

Tears/ipid supplemerts
Essential fatty acids
Sex hormones
Sufactan ens cleaning
Intraductal probing

p.61-63

Remove syslash from affected
flicle

Apply hot compress

Miay spontaneousy discharge
anteiory

Cease lens wear during acute
phass

67

Incision and curetage
Apply hot compress

Topcal antibotis following surgery
Gease lens wear during acute
phass

* Excellent if good.
contol can be
achieved

b8

« Selflimiing
* Typical time
course: 7 days

p.67

« Selflimiing
* Typical time
course: 7 days

.64

* Bdemal hordeoim
- Iocalized sweling at lid margin
Intemal bordeokum

- tender localzed sweling

* Chalazion
- chronic form of meibomian gland
dysfunciion
P8¢

External hordeokum

- Iocalized sweling at lid margin

Intemal bordeokum

- tender id sweling

- not atfid margin

« Chalazion

- chronic form of meibomian gland
dysfunciion

- notatfd maroin

P8¢
External hordeokum
- localized sweling at lid margin
Intema hordeokum
- tender localzed sweling
- not at fd marin
* Chalazion
- chronic form of meibomian gland
dysfunciion
- notat fd maroin

.64
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* Demodex folliculorum * Topical anaesthetic and application ~ +  Good - f patient  +  Lice

+ Demodex brevis of toxc substances complies vty - see below
« Vigorous id scrubbing treatment * Blepharits
~ Viscous ointment overight - see above
* Heawy metal ointmens.

« Pilocarpine gol
« Awid use of facial il

0. 6970 7 0.7 p.6773
« Phthius pubis, also known s: Mechanical emoval « Good-ifpatient  + Mites
- pubic louse Cryatherapy (frezing) comples vih - see above
- sucking louse’ Argon laser treatmert * Blephariis
- orab louse! 20% sodium florescein - see above

Yellow mercuric oide

Anticholinesterase agents

Vigorous fd scrubbing

Possiilty of associaton wih

sexally transmited cisease

* Heat applcaton to clothes,
bedding, sheets, towels etc.

~ Saak combs, brushes et

« Isolate contaminated matetal for 2

weeks

p 71 p.73 273 p.67-713
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Actiology. Treatment Prognosis Differential Diagnosis

- Oedema * Allevate rigd bearing * Rigid lons warpage * Keratosonus
- increased fid « Aleviate hypoxia - full ecoveryin 510 8 - other signs present such
* Physical moulding * Gomeal indentation months as stromal tinming, Vogt's
- pressurs from igd lenses - patient.dependent * Rigid lons binding striae and Feischer's ing
- supplementary pressure from - ikely o recur again in same - full ecovery in 24 hours
eyelids patient * Softlens warpage
* Assosiated pathology, .0 * Keratoplasty for keratoconus - resolves in 7 days
keratoconus

p. 263-265 p. 265-266 p. 266-267 p. 267
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Aetiology.

“Lens edge’ sain caused by

physica trauma of lens edge

Difuse stain due to other physical

trauma

- deposits on back of lens

- trauma induced by excessive
movement of loose fiting lens

108109

Hypoia & hypercapnia
Wechanical iitation
Immunclogical reacton
Infection

Inflammation

- acute red eye
Solution toxicity
Change in tonicty
Change in pH

Neural cortrol

116-118

Treatment
~ “Lens edge’ stan
- fitfater lens
* Lens trauma stain
- improve care regimen to
allvats deposit

formation
- improve lens fit
p. 108-110
~ Remove cause
- see aetology

* Decongestants
1f> grade 2 cease wear

p. 118-119

Prognosis
+ Boellnt

- recovery within 2-4 days

p. 110
+ Bt

- recovery from acue

vedness vithin hours

- recovery from chroric

redness vithin 2 days

p. 119-120

Differential Diagnosis.
* Physiologial furrow staining’
vs. pathological staning

p. 110
* Gease lens iear
- rapid resoluon implicates
lens wear
- slow resoluton suggests
other cause
- Pushtest
- for conjunciival vs. scleral
involvement
* Haemorthage
- redness between vessels

p. 120
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Condition/appearance

3 &9 o'clock corneal
staining

Inferior epithelial
reuate lesion

(‘smile stain)

Signs
« Punctate or difuse staining at the
389 0'clock fmbal locations
+ Trangular pattens:
- apexaway from certral cormea
“base’ corresponds o lens edge
- only seen i rigid lens wearers

p.157
* Infrior arcute stain paralle to
limbus

« Punctate form

p.158

Symptoms
« Slght discomfort
* Diyness

p. 160
« Slght discomfort

p. 160

Pathology
+ Epitelal disruption at mbus

p. 160-161

+ Distupton to epithelium
+ Cells camaged or dislodged

».160-161





OEBPS/OEBPS/images/B9780702042690000018_f001-005-9780702042690.jpg





OEBPS/OEBPS/images/B9780702042690000390_t0020c.jpg
Aetiology

« Lens deposits

- anteror lens surface

Mechanical iitation

Immunclogical reacton

Hypoia under lid

Solution toxicity

- thimerosal

* My be related to meibomian gland
dysfunction

. 125-127

Treatment Prognosis

= Cease lens wear unti + Papille can remain for
inflammation subsides weeks, months or years

* Reduce wearing time « Lenses can sill be wom

* Improve soluions +Treat ascording to symptoms

« Ocular ubricant

* Mast cel stabizers

Non-steroical anti-
infiammatory agens.
Change to a lens material
that deposits cifferenty
Increass frequency of lens
replacement

Improve ocular hygiene

128-130 p. 130

Differential Diagnosis

- Folick
- vessels on outside
- Paila

- central vascular bt

. 130431
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Condition/appearance

Papilary conjunctivitis

Signs.
« Papilae on tarsal coriunctiva
- “cobblstone’ appearance
- ‘giant papilae uncommon
Gonjunctival recness
Gonunctival oedema

Excess lens movemet
Goated contat lens

Mucus discharge

.123-125

Symptoms.
« Early - grades 182
- lens avareness
- mild itching
- slight bur
* Late - grades 384
- lens discormfort
- intense itching
- blur
- reduced wearing
time

. 123125

Pathology
Thickened conjunctiva
Distorted epihelal cells
Altered goble cells:
Inflammatory cells

- mast cells

- eosinophils

- basophils

p.125
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Number of
subjects

Level of experlence/tralning of
sublects

Grading tool

Condition

Chong et al., 200"

Dundas et l, 2000
Papas, 2000

Twelker & Bailey, 2000%'
Efron et al, 2001"®

MacKinven et al, 20017
Effon et al 2002%

Effon & Chaudry, 207"
Efron & McCubbin, 2007

Murphy et al, 2007
Efron et al, 2011

38
%
2
100

“Highly experienced n using clinical
grading systems’

“Trainee optomerists’

“Highly rained and accustomed to
using the grading scale for over one
year

“Experenced

“Minimal experence in using grading
scales'

“Traineg optomerists’
“Experienced users of grading scales’

“Final-year optometry students’
“Final-year optometry students’
“Trained observers’
“Optomerists in practice”

*Printed grading scales based on photographs.
Herbal descriptor grading scales.
“Computer-generated grading morphs based on photographs.

4Printed grading scales based on arist-rendered paintings.
*Computer-generated grading morphs based on artist-rendered pairtings.

Photographic*
Verbal
Morphs®
BHV

BHV

Efror®
Efror®
Annunziato®
BHV
Vistakor®
BHV
Efron®
Morphs®
Efron®
Efront
BHV
Various

067
4061
4076
4076

034
4048
4055
4032

40,60

4030
4055
4058

4038
4049
4054
4050
4032

054
060
4064
4063
042
4056
4036
067
4038
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Condition/appearance  Signs. Symptoms Pathology

Stromal oedema + <2% oadema: undstectable; safe = <10% oedema: none - Oedema
* >5% osdema: vertical stiae; « >10% oedema: discormfort - increased fid
caution - Stiae
+ >8% oadema: posteior fods; - separated callagen fbils
danger . Folds
« >15% oedema: loss of comeal - physical bucking

‘ransparency; pathological

. 186-187, 189-190 p. 186187 0187188
Stromal thinning, « Only deected using pachometry - None « Reduced stromal mass
’ after oedema has resolved « Reduced vision fassocated  +  Reduced keratocyte density
« Stromal thiing = true oedema vith corneal warpage « Stomal microdots’ may
— apparent oedema reprasent keratocyte apoptosis
« Siroma thins at about 2.1 um per
year
p.198-199 p.200 ». 200:202
'Deep stromal opaci + Opacities inthe deep stromal layers ~+ May be asymptomtic * Simiar to pre-Descemet’s
(pseudo-dystrophy) « Many appearances: « Ocular discomfort and dystrophy
- wihiish dots/opaciies photophobia « Stomal microdots’ may
- resembling cloudy dystophy « May be some vision loss represent ceep stromal opacities
- tice-ike pateem « Possible associated endothelal
- motted cyan opaciicaton pathology
« Possible associted endothell
changes

p. 207-208 p. 208 p. 208-210
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Condition/appearance signs Symptoms Pathology

CC Gl ¢ A condiion whereby there are « Depends on severity « Ifitrates inthe epitheum and/
(©IE) infitrates in the comea « Ranges from asymptomatic to o stroma
« Ranges from minute, barey- suicidal pain «fitrates can include one or
detectabe initrate to ful-bown + Trat as suspected icrobil more of the folowing
comeal lcer eratits i - pobmorphanuclear
« Often used i the lterature to - patientis wieaing cortact leucocyles
dencte a mild event lenses - other infirmmatory cells
- patent reports ocular - oedema
discorfort - microorgarisms
- infirates are observedin + By definiton, Peudomonas,
the unconfortabl eye Acanthamoeba and Fusarium
Herais are ai CEs; see page
i

. 225-228 . 240 p.248
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Actiology

Lens-induced changes intear fim
- increased osmolarity
-

- composiion

- temperature profle

- tumover

- breakup

p.84-87

Strong intrfacial foroes
‘Aqueous defiient tears beneath
silcone hycrogel lenses
Mucin-ich tears roled up onto
discrete balls

Balls enlarge and indent epitheium

Very large bals collpse to
doughnut-ke appearance

.97

“Treatment

Aler lens
Aler soltions
Reweting drops
Soft ens soaking
Notitonal supplements
Gontrol of evaporation
Punctal pugs
Tear stimulants
Manage associated disease
Reduce/cease lens wiear
Omega-6 essental faty acids
8790

Fitlenses steeper

Rewetting drops

Mo frsquent lens removal

Refit with lens other than siicone
hydogel

p. 100

Prognosis

* Good if problem relates to
lenses/solutions

« Poor if due to undetying

pathalogy
- eg. keratoconiunctvts
sicca
».90

* Mucin balls and epithelil
fidfiled pits disappear
within hours of lens.
removal

* Mucin balls vill recur

.100

Differential Diagnosis.

Aqueous tear defiiency
Lipid anomaly

Lid surfacing anomaliss
Mucus deficiency
Primary epihelipathy
Allergi dry eye

)

Epithelial microcysts
Epithelal vacuoles
Epithelal bulla
Dimple veiing

p. 100101
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signs.

« Can manifest as change in comeal
curvature

symmetry

requlaity

« Comeal indentation

may be associated with comeal
binding

p. 260-262

‘Symptoms
* Spectacle biur
. Haze
- i associated with
excess oedema

p. 260-262

Pathology.
* Surface Asymmetry Index
- more ikely withrigid lenses
- decented lens fatens cornea
« Surface Regularity Index
- distorion may be symmetrical
- more ikely withrgid lenses
« Comeal indentation
- pressurs from lens edge

p. 262-263
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Condition/appearance
Blinking abrormaliie

signs.

p.

Complts biink - 80%
Incomplete birk - 17%
“Tuich bink - 2%
Forced bink ~1%

39

Naowing of palpebral aperture
size

- 1o lens: 10.10mm

- saitlens: 10.24mm

- tigid lens: 9.76mm

Large gap between upper skin fold
& upper fid margin

Mainly in riid, but also softlens
wearers

4

Symptoms
* Dry eye f incomplets birk

.41

* Complints of poor
cosmesis when excessive

.48

Pathology
« Abnormal binking can cause:
- lens surface drying
- deposion
- spitheil desiccation
- postlens tear stagnation
- hypoxia
- hypercapnia
- 389 o'clock staining
- poor lens fiting

b 4144

* Trauma during inserton & removal cue
to

- forced lid squeezing

- lteral fd stretching

Rigid lens cisplacemant of tarsus
Bink-induced lens rubling
Blepharospasm

Papilary conjunctivtis

p.49
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Condition/appearance

Epithellal microcysts

Signs.

P

Large area of full thickness
epithelium missing

Usually citculr pattem

Areas fils with florescein and
fuoresces brighty

159

Minute scattred dots
Spherical or ovoid shape
5-20m diameter
Reversed flumination

167-169

Symptoms

« Vison loss f plug i central
* Gan be asymptomatic or painful

p.159

* Gan cause slightdiscomfort
Can reduce vision slighty

p.160

Pathology

P

Epithelium completey removed
with lens removal

Reduced number of
hemidesmosomes compromises
epitelal achesion

159

Intraithefal shests
Disorganized cell growth
Pockets of dead cells

Sloviy pushed t surface

169-170
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* Mechanical chafing of superior
comea

* Inward pressure of upper lid

Contributing factos:

- comeal topography

- rigid lens modulus

- mid-perpheral ens cesion

- lens surface

p. 161-163

+ True SICS is rare with modem
preservaives

« Can ocour with direct nadvertent
exposure o hydrogen peroide

p. 161-163
Bright fuorescence observed is
atrbuted to fluorescein binding to

preservtives on the epithelal
surface

p. 161

 Alter lens design
- less mid-peripheral
bearing
« Alter lens type
- lower modulus materal
- better suface
characteisics

p. 164

« Gease lens wear unti
staining clears

« Avaid novious causative
agent

+ Ocular lubricants

* Prophylactic antbiofics it
severs spithelal disruption

p. 164

+ None required
« PATH is non-pathological

p.161

* Following lens removal
- recovery in 3 days

p. 164:1685

I mid: 2-12 houwrs
I severe: 2-3 days

p.164
« Peak florescence depends
on presenvatre:
- after 30 min vith PO-1/
Adox-based sohtions
- after 120 min ith
PHUB-based soltions

p. 160

*+ Lens edge stain
= Lens inserton & removal
trauma

p. 165
« PATH - se below
« Staning observed 4 hrs

atter lens insertion may be
true SICS

p. 165

- s

- see above

Staning observed less than

3 brs after lens inserton may
be PATH

p. 160
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Actiology.

* Rigidlens bridges ld avay from
ocular surface

* Ocular surface adjacent to lens
edge not properly wetted

p. 161-163

Wietabolic

+ Desiccation
- insuffcent post-ens tear fim
- lens adherence
- lens dehydraton

p. 161-163

Treatment

+ Alter lens design
- reduce thickness of
lens edge
- smallr ens diameter
+ Binking nstructions

p. 164

« Alter s fit
- more movement
- thicker lens

« Alter lens type
- diferent mateia

p.164

Prognosis
« Following lens removal
- recovery: <24 hours
« While wearing enses
- slower recovery: 4-5
days

p. 164-185

Following lens removal

- rapid recovery: <2dhours

« While wearing lenses

- slower recovery: 4-5
days

p. 164-165

Differential Diagnosis.
« Vasoularized limbal kerats

p. 165

« Lens edge stain
* Lens inserton/removal trauma

p.165
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‘Superior epithelial * Superior arcuate stain parallel to

arcuate lesion (SEAL) limbus
« Fulltickness lesion

* Aso known as ‘pitieal spittng’

0.158

Solution-induced « Pan-comeal punctte staining
staining (sics) [T
. 158-160

[T ¢ Pan-comeal punctte staiing
transient « Biateral

hyperfluorescence
(PATH)

p.160

* Asymptomatic

p.158

« Agymptomatic i mild
* Severe stnging or buming if
severe

p.159
« Agymptomatic

p. 160

* Full thickness splitting of
epitlium

p. 160-181

+ Tovic reaction of epithefum
+ Epithelal cell desquamation

p.160-161

« Epithelium is essenally
unafected

p.181
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Condition/appearance

Signs. Symptoms

« Linear wave patters of epithela « Bxtremely painful
pooling « Exreme vision oss.

« Patterns inersect at about 70° « Paralle time course of

+ Discrets spots of saining appear at discormfort and vision loss

intersection of patterns
Similar pttem cbserved in
keratograms

.179-181 p. 181

Pathology

+ Epithelium forms concertina-ike
fods

+ Anterior stroma may also be
sighly folded

p.181-182
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* Hypotonic tears, as occurs during
lacrimation

« Adaptaton to riid lens wear

« Fuid enters epithelium

+ Fuid forms between basal epitheial
cells

p.176
Related 1o excess oedema?

p.176
+ Related 1o excess oedema?

p. 176

)

Modify rigid lens adaptation
wear fegimen

17
Generaly imocuous
No management reqired
Note the number of vacuoles
onrecord card

17

Generaly imocuous
No management reqired
Note the number of bulae on
record card

177

* Rapid recovery upon ceasing
of hypotoric siress, ie. when
tearing stops

p.177

« Rapid recovery upon ceasing
lens wear

p.177

* Rapid recovery upon ceasing
lens wear

p.AT?

[

D

Generalized epitheliopathy

177

Tear fim debris
- move on birk
Wicrocysts

- reversed ilumination
Bulle

Bedeving

- endothelial

Dimple veiing

- very large

177

Tear fim debris
- move on birk
Wicrooysts

- reversed llumination
Vacuoles

- unreversed ilumination
Bedeving

- endathelil

Dimple vaiing

- very large

177
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Severe Severe  Severe  Severe
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Aetiology.

+ Severe metabolic. comprormise of
epithlium

+ Chionic hypoxa

p. 161-163
« Possible factors

p. 170

prolonged hypasia

mechanica iritation

reduced owygen uptake

educed mitosis

typially hycrogel extended wear

Treatment

+ Cease lens wear unti
epitheium has completely
reformed

+ Refit with a high oxygen
permezble lens material

p.164

« < grade 2 microcysts
- o action
- monitor carefuly
orade 3 microcysts
- cease wear (1 morth)
- reduce wearing time
- change to daiy iear
- increase lens DKt

p. 170471

Prognosis.

+ Following lens removal
- recovery may take up to
1 waek

p. 164:185

« Mfter ceasing wear
- increase during first 7
days
- decrease thereafter
« Full recovery in 2 months
* Mictocysts wil not recur vith
silione hydrogel lenses

p. 171472

Differential Diagnosis

Lens inserton & removal
trauma

165

Tear fim debris
- move on birk
Mucin balls
Vacuoles

- unreversed optics
Bulle

Bedeving

- endathelial
Dimple veiing

- vary large

72
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Slight haziness of epithelium seen ~ +  Asymptomatic.
in optic section « Appearance of haloes
(Can oceur during adaptaton to rigid

lens wear

174175 P75

Ninute scattred dots « Agmptomatc
Spherical shape Dot affect vision
5-00m diameter

Unreversed lumination

Observed in comeal mic-periphery

174175 p.175

Ninute scattered dots « Agmptomatc
Isgular shape; ypical oval Dot affect vision
Indisinct edges

Flattened, pebble-ike formations

5-00um dameter

May caalesce into larger structures

Unreversed llumination

Observed in centrs of comea

175 P15

« Disruption to epithelial cells
+ Extacelblar oedema around basal
epitelalcells:

p. 175178
+ Filed vith gas or fid

p. 175178
+ Filed vith flid

.175-176
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Aetiology.
* Mechanical aetiology
« Grtica lns factors
- highly eastic hycrogel material
- custom design
- edremely thin
- 50-55% water content
- steep fiting

p. 182183

Treatment

Remove lens immediately
Refit vith lenses avoiding
design features described in
Hetology

183

Prognosis

Good

- expect complets recovery.

- canfake up to a weekto
fully recover

* Rate of recovery related to
period of wear

p. 183

Differential Diagnosis
« Fischer-Schwitzer mosaic
- physiological
- caused by excessive eye
fubbing
« Antaior rocodie shagreen
of Vogt

p. 183184
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Condition/appearance

Abnormales in

- lid laer viswed in specular
eflection

- tear volume

- tear structure

- tearfim stabity

- _postlens tear fim

Epithelal staining

Lid viper epitheliopathy

7863

Up to 200 smallgrey dots n direct
illmination

Small yransparent dots in indirect
retrilumination

Reversed ilumination

Large mucin balls may collapse;
doughnutike

Seen amost exclusively wih
silicone hydrogel lenses

0597

‘Symptoms

« Pimariy ‘dryness’

- useady eye
questionaire

+ Warse in females using
oral contraceptives.

p.8384

« Hone

« Vision can be slighty
compromissd in extreme
cases

p. 9708

Pathology

« Lipid deficiency or excess
« Aqueous defciency
* Rapid tear break-up

- due to inter-midng of lipid and
mucus ayers

%487

Balls of mucin

May cortain some lipid

Can indent epitliu leaving fuc-filed

pits; unreversed ilumination

+ Deep mucin balls may afect stromal
Keratocytes

* Mucin ballformation may compromise

coreal microbial defences

p. 98-100





OEBPS/OEBPS/images/B9780702042690000018_f001-023-9780702042690.jpg
AN

iy
it






OEBPS/OEBPS/images/B9780702042690000390_t0020.jpg
Conjunctival staining

Conjunctival rednes

Signs
« Normal eye: curved fnes of shining
in conjunctiva paralel to mbus;
furrow staining

* Lens-wearing eye:
- difuse stain
- coalescent stain
- lens edge’ stain

104107

Conunctvalrechess
May be regional varition
Specily location
Depends on lens type:

- o lens: grade 078
- rgid ens: grade 0.95
- sotlens: grade 1.54

. 114115

Symptoms

« Often none

*“Lens edge’ stain may
be associated vith
‘tghtlens syndroms’

104107

Often none
Iehiness
Congestion
War feeling
Cold fesing
Non-specific mild
intaton

p. 114115

Pathology.
« Normal eye
- fuorescein pools in natural
conjunctival folds
« Lens-wearing eye
- superfcal epithlial ells yaumatized
or dislodged

p.107-108

« Vasodiataon due to
- relation of smooth muscle
- vessel blockage

p115
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Normal Green Clinical acton not
required

1 Trace Lime Clinical acton rarely
required

2 Wid Yellow Clinical acton possibly
required

3 Moderate Orange Clinial acton usually
required

4 Severe Red Clinial acton certanly

required
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Complication Grading

Koch Annunziato BHVI Vistakon
Blephariis . .
Conjunctval . . . . .
redness
Counctval . . .
staining
Comeal distorton~« . .
Comeal nfitrates . . .
Comeal . . . .
‘neovascularization
Comeal cedema o . .
Comeal staining~~ « = o B
Comeal ucer .
Endothelial blbs .
Endothelial . .
polymegetiism
Epthelal . . .
microcysts
Epithelial oedema o
Irtis .
Limbal redness . o s .
Limbal staiing .
Meibomian gland . .
dysfunction
Papllry . . o . .
conjunctivitis
Pinguecula .
Prerygium .
Superior imbic .
keratoconjunctivitis
Total (21) 8 10 6 13 16

“Two sub-olassification grading scales are presented.
“Four sub-classiication grading scales are presened.
“Three sub-classification grading scales are presented.

53
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Condition/appearance signs Symptoms Pathology.

Limbal redness « Limbal recness * Depends on actiology * Vasodiktaton of terminal arcades
A Y * May be regional vaiation - often none and associated vascular forms:
around limbus - can be severe pain, e.g. vith - recunent imbal vessels
« Specify on record card kerais - vessel spikes
« Depends on lens type: « Associated pathology may cause
- virtually absert vith discormort or pain

sicons hydrogel lenses

5133135 013 p.13513%
Vascularized limbal « Vasculrized mass oftissueat  »  Early — grades 182 « Epihelal cell byperplasia
Kerattis the imbus - lens awareness « Vessel engargement
« Conjonctval and fmbal * Late— graces 384 « Vessel encroachment
oedema in lte stages - dcomfort « Tissue srosion
« Comeal nfirates near fimbus - photophobia « Tissue oedema
« Fuorescein staitng of « Comeal nftates near fimbus
surrounding tissue
« Appears a the 3 and/or §
o'lock positons
« Only seen i rigd lens wiarers
p. 140141 p. 140141 b4
‘Superior limbic. « Superorlimbic redness « Lens avareness « Comea
keratoconjunctivitis « Inftates « Buming - epithelopatry
« Micropannus « lohing - inflates
« Comeal staining « Phtophobia + Conjunctiva
« Conjunctvl staining « Siight vision loss - epithell eratnzation
« Hazy epithelum - vith extensive pannus - epithelal oedema
« Papilay hypertrophy - inflammatory cells
« Comeal flaments
« Comeal vamage

p.147-148 p. 147-148 p. 148-149
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Actiology
* Hypoxia & hypercapria
* Wechanica irfation
* Immunological reacton
* Infection
* Inflammation

- acute red eye
+ Solution toxicity

p. 136137

* Interrupton to nomal tear fim
dynamics around limbus

« Rigid lons with inappropriats edge
design

+ Severe sequel of 389 olclock
stining?

p. 141142

+ Lens deposits
- posterior lens surface
Wechanical irtation
Immunological reacton
Hypasia under i
Thimerosal

- hypersensitvty

- tocly

p. 149151

Treatment
* Remove cause
- see aetiology

« Consider whether:
- acute or chronic local imbal
redness.
- acute or chronic cirumimbal
redness.
« Fitsiloone hydrogel lenses

p.137

Early - grades 182

- change from extended wear to
daily wear

- reduce wearing time

- optimize lens edge design

* Late - grades 384

- cease lens wiear for 5 days

- prescibe antiiotics and
sterids

- changes to softlenses if
inactable

p.142

« Cease lens wear unt inflanmation

subsides

Reduce wearing time

Improve solutions

Ocular lubicant

Mast cell stabiizers

Non-steroid ant-inflammatory

agents

* Increase frequency of lens
replacement

* Surgery if severe

p. 151152

Prognosis
+ Bl

recovery from acuts
tecness within hours

- recovery from chroric
tecness within 2 days

p.138

« Generaly good

* Recovery within days or
weeks

«*Rebound’ may occur

p. 142144
* it ceasing lens wear
- redness resolves
rapicly

- epithelum resolves
slowly

- can take from 340
wieeks 10 resolve

p.152

Differential Diagnosis

* Re-vascularzation

« Vascularized fimbal kerais

« Superior limbal
Keratoconjuncivits

p. 138439
« Neovascularzation

« Limbal recness

« Phiyctenulosis

« Peripheral comeal lcer
« Plerygiom

* Pseudopterygium

« Pinguecula

p. 144445

Superfical epitheial arcuate
lesion

- conjunctiva not involved
« Bacteria conunctiitis
Infiative keratis
Theodor's superir imbic:
keratoconjuncivits

p. 152153
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Aetiology.

« Bacterial nfection
- Pseudomonas aeruginosa
« Risk factors as for CIEs, above

p. 249252
« Protozaal ifection

- Acanthamoeba
- Bists as:

- free moving trophozoite
- double-walled cyst
« Risk factors as for CEEs, above
~ Relation vith water ciical
- swimming
- hottubs.
- water stored in tarks
- water in stagnant lake or
pond

p. 252253

* Fungalinfecion
- Fusariom
- Bstsas:
- feathery colonies joining
together
- hyphas, often vith septa
» Risk factors as for CIEs, above
~ Relation with high viscocity
lens care solutons

p. 252-253

Treatment
Cease lens wear immediately
Advise of rsks

Antibios.

Mydriatics

Non-steroidal anti-irfammatory
agents

Anlgesios

Tissus achesives

Debridement

Avoidrisk factors i lens wear is to
fesume

253.250

Gease lens wear immedately
Advise of rsks

Propanidine isethionate 0.1%
(Brolens)

Polyhexamethylens biguanide 0.02%
Neomycin

Myditics

Topica seroids

Anaigesics

Tissue achesives

Debidement

Avcid isk factors f lens viea i to
resume

253.250

Cease lens wear immediately
Natarmycin, 5%

Amphotericin B, 0.15%

Mydriatics

Topical stersids

Anlgesios

Avoid risk factors i lens wea is to
fesume

p. 253255

Prognosis

Depends on speed of

treatment

- excellent f rapid acton
is taken

If untreated can rapidly

progress to comeal

perforaton within hours

If veated, conditon usually

worsens during iniil 24

hours, then improves

255256

Slow time course of

recovery

- may progress for mary
months despite
agaressive therapy

Residual superfcal nebula

Recurence is common

- especialy f reamentis
stopped prematurely

255256

Poor prognosis

Slow time course of

recovery

- may progress for mary
months despite
agoressive therapy

28% of cases require

penetratrng keratoplasty

255256

Differential Diagnosis

Diferertiae from
Acantramoeba and
Fusarium Keratls
Diferntiate from other
bactera

Corneal scraping to detect
Pseudomonas aeruginosa
Bacteria can not be seen
vith confocal microscopy
Acantramoeba and
Fusaria can be seen vith
confocal microscopy.

256

Diferertiae from
Pseudomonas and Fusarium
erais

Diferntiate from other
protozoa

Confocal microscopy can
confirm presence of
Acantramoeba cysts and
trophozoites

256
Diferrtiate from
Pseudomonas and
Acantramosba Keratis
Diferetiate from other fungi
Confocal microscopy can
confirm presence of
Fusariam hyphae

256
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Signs Symptoms. Pathology

‘Pseudomonas keratits « Typicaly uniocular « il forign body sensation +_ Initrates could comprise:
« Conjunctval redness « Worsering pain - the offending micro-
L} « Lid sweling * Eye redness organisms.
+ Lacimaton - inflammatory cel, e
+ Photophatia polymarphonuclear
* Mucopurulent discharge leucorytes
+ Loss of vision - bacterial endotovins
* Culure-posiive - senm
« Deepuler can form - proteins
- haziness instroma « Bowman'slayr destroyed
- oveting epithelial cefect
« Hyponyon
« Anteor chamber flre
p. 245206 0. 245246 p. 248
« Typically uniocular « il foreign body sensatin ~+  Acanthamoeba can be
= « Conjunctval redness « Bxcrusiaing pain abserved destroying stromal
« Lid sweling « Eyeredness tissue using confocal
+ Lacimaton microscopy
« Photophatia « Bowman'slayr destroyed
+ Loss of vision
« Pseutodendries
+ Rl keratoneuris

Deep uicer can form
- haziness in stroma

- ovetying epithelal defect
* Hypopyon

Anterior chamber flare

p.247 p.247 p.248
Fusarlum Keratitis « Typically uniocular * It forsign body sensation ~+ Fusarium fungal hyphae can be

« Conjunctval recess * Sharp pain when removing lens observed destroying stromal

« Lid sweling from eye tissue using confocal

* Lacrimation microscopy

« Photophobia * Bowman's layer destroyed

« Loss of vision

Gentralfufy nitrte, often vith
peripheral satelite infitration

» Ring ifitrate

« Anterior chamber flare

p. 247-248 . 247-248 . 248
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Actiology
* Varies: canbe
- toic
- allrgic
- inflammatory
- vamatic
« Risk factors:
- contaminated lenses
- soltion ineficacy
- patient non-compliance:
- poor hygiene
- hyporia
- swimming
- ovemight use
- overnight orthoK
- mechanical rauma
- smoking
- disbetes
- wam dlimates
- male gender
- socio-economic class

p. 235-236

Treatment

Depends on cause
Cease lens wear immediately

I discomfort prsists afte lens
removal, scrape to tst or offending
Microorganisms

Assume bacteral rtl proven
othervise:

- prescibe fluoroquinolones

Cold compresses.

Analgesics

Continue appropriate treatment when
scrape outcome is known

Avoid sk factors i lens wear is to
resume

241

Prognosis Differential Diagnosis

* Depends on cause; see .
various form of microbial
Kerats below

- sterle CIEs may be .
selfimiting and resolve
within 7 days .

- microbia keratits can
apidy progress to
comeal perforation
vithin hours

Sterle vs microbial keratis
Stere keratis is usually
seltimiting

Microbial keratis can
advance radpidly

In the ey stages, itis
IMPOSSIBLE to cifferentaly
dagnose steile vs microbial
kerais

p. 234-235, 240 P. 226-236
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Actiology.

« Stromal softening

- hypoxiz-induced oedema
« Triggering agent, e.0.

- epithelal camage

- soltion toicty

- infection

p. 217218

+ Often associated pathology
- ontt
- keratoconus
- aphakia
« Stromal softening
- hypoxizinduced oedema
« Triggering agent
- epithelal damage
- soltion toicty
- infection

p. 217218

Stromal softening

- hypoxizinduced osdema.
« Triggering agent

- epithelal camage

- sohtion toxicty

- infection

p.217-219

Treatment
I severe
- cease lens wear
permanertly
- Imid

- improve care system
- increase Dt

- reduce wearing time
- monitor carefully

p.220221

* Manage assoiated pathology
I severe

- cease lens wear

permanertly

- Imid

- improve care system

- increase Dt

- reduce wearing time

- monitor carefully

p.220-221
I severe
- cease lens wear
permanertly
- surgial removal
- lmid

- improve care system
- increase Dt

- reduce wearing time
- monitor carefully

P. 220-221

Prognosis Differential Diagnosis
*On ceasing lens wear * Nervefiores
- vessels empty rapidly - any orietation
- ghost vessels remain - solid
- years o resolve . Stiae
« O reintoducing lens - alvays vertcal
- ghost vessels rapiy efil - white, whispy.

P

« Ghost vessels
- startat limbus

- relatively thick
21222 p.222

On ceasing lens wear * Ghost vessels
- vessels empty rapidly - startat mbus
- ghost vessels remain - reatvely thok
- years o resolve

On reintoducing lens

- ghost vessels rapily efil

21222 p.222

On ceasing ens wear * Ghost vessels
- vessels emply rapidly - startat mbus
- ghost vessels remain - reatvely thok
- years toresolve

On reintoducing lens

- ghost vessels rapily efil

200 .22
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Condition/appearance Signs.

Superficlal corne: « Superfcal vessels
neovascularization - rom conjnctiva

« MNormal responses;
N - 1o lens: 0.2mm

- Silicone hycrogel: 0.2mm
- Daily wear rigc: 0.4mm

- Daily wear hycrogel: 0.6mm

- Btended wear hydrogel: 1.4mm

p.215,219-220

Deep stromal « Bagins as single feecing vessel

neovascularization « Develops ito fin, wildly tortuous
branches

« Vessels end in buds

« Numerous small vessel
anastomoses

+ Vessels ‘stop’ at limbus when
‘raced backwards from comea

« Often associated pathology

p. 215-216, 219220

* Ploxus of parale vessels from
limbus onto peripheral comea
* Invading end:
- iseven
- contains fibofc fissue
- stains with rose bengal
« Two types
- active pamnus; inflammatory
- fbrovascular pannus:
degenerative

p.216, 219220

Symptoms.
« No discomfort
« Vision loss i exreme

.27

= No discomfort
« Vision loss i exreme

.27

« Nodiscomfort
« Vision loss i exreme

p.217

Pathology

Sprouting or budcing

Solid cord of vascular endothelial
cells at groving tp

Thin vessel wall

Pericytes

Gell migration

Surrounding inflammatory cells
Disruption of stromal lamelae
Liid material may surround
vessels

207

Sprouting or budcing

Solid cord of vascular endothelial
cells at growing tp

Thin vessel vall

Pericytes

Cell migration

Suounding inflammatory cells
Disruption of stromal lamelae

217

Vessels penetrate between
epitlium and Bowman's layer
Ingrovith of vssels
Ingrovth of colagen

Faty plaques
Fibrofic tissue

217
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Aetiology.

Primariy hypoxia — 50%
- lactate build-up
Other factors — 50%:

- tear hypotonicity

- hypercapria

- increased temperature
- increased humidity
- mechanical

p. 189

Chroric osdema
Mechanical effect of lenses on
epithlium

Inflammatory mediators
released

Causes keratocyte apoptosis

p. 202203

Numerous theories:

- long-em contact ens wear

- exposure to heavy metals
- allrgy to thimerosal

- exposure to chiorhexidine
- chronic hypoda

- chroric hypercapnia

- endothelal dysfunction
- suction efects

p.210

Treatment
- levite hypoda
- increase material Dk
- reduce lens thickness
- increase lens movement
- increase edge fft
* Mlevite hypercapnia
- as per hypoia

p. 190194
« Mlevite hypoda
- increase materal Dk
- reduce lens thickness
- increase lens movement
- increase edge fft
* Mlevite hypercapnia
« leviate mechanical effect of
lenses.

p. 203204

« levite chronic hyparia
- increase material Dk
- reduce lens thickness
- increase lens movement
- increase edge lft

« Avoid noxious preservatives

p.210

Prognosis
« Acute oedema
- resolves in 2-3 hours
« Chronic oedema
- resolves in 7 days
« Chionic oedema thins stroma;
ses below

p. 194405

« Uknown time course
- thought to be permanent

p.204

* Slow regression
- many morths/years

. 210211

Differential Diagnosis
- Stiae

- nerve fbres

- ghost wessels
. Folds

- seen in diabetes
. Haze

- scarting

- epithelal oedema

p1%
+ Keratoconus
- central comeal thifving
+ Pellcid marginal degeneration
« Tomien's marginal comeal
degeneration

p. 204-205
« Comeal dystrophies
* Key difereniaion:
- deep stromal opacifes
occur deep inthe stroma.

- deep stromal opacifes may
be reversible

p.211-212
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